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Part 1
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In 1817 James Parkinson wrote ‘An essay on the shaking palsy’. He describes six male 

patients, some of them only observed in the street, with progressive tremor and difficulty 

walking which disable these patients as the disease progresses. The shaking palsy 

(paralysis agitans) is defined by “involuntary tremolous motion, with lessened muscle 

power, in parts not in action and even when supported; with a propensity to bend the 

trunk forward and to pass from a walking to a running pace: senses and intellects being 

uninjured”. In this definition the disease is mainly described as a syndrome of motor 

impairment. In the end of the 19-th century it is Charcot who suggest to name this 

condition Parkinson’s disease (PD).(1) It is not until recently that PD is recognized to be a 

disease with motor but also non-motor features.(2)

Parkinson’s disease is the second most prevalent neurodegenerative disease after 

Alzheimer’s disease (3,4) and will only be an increasing burden in the near future.(5) 

The prevalence of PD in industrialized countries is estimated at 0.3% in the general 

population. In a pooled estimate for the European population the prevalence is 1.6% 

for all people aged older then 65 years.(6) There is an increase with age to 3.5% in the 

oldest age groups. In a recent population based study on the prevalence of movement 

disorders, parkinsonism occurred in 7% of all people aged between 50 and 89, with PD 

being the most frequent (4.5%).(7) The reported incidence rates for PD are between 8.5 

and 19 per 100.000 per year.(8,9) The most recent incidence rate for PD assessed in the 

Rotterdam study (study population > 55 years) in a population over 55 years of age was 

a cumulative incidence rate of 4.9 per 1000 person years followed; with an increase with 

age from 0.3 per 1000 person years in the 55-65 age group to 4.3 per 1000 person years 

for those aged >85.(10)

Although parkinsonism is a disease of the elderly, 3-5% of all patients with parkinsonism 

have an onset before the age of 40. This early-onset parkinsonism is further subdivided 

into juvenile parkinsonism (onset age before 21 years) and young onset Parkinson’s 

disease (YOPD) (onset age between 21 and 40 years.(11) Juvenile parkinsonism is very 

rare and in almost all cases familial. Most patients have atypical features and pathology. 

YOPD resembles more closely typical PD.

Parkinsonism describes a syndrome characterized by tremor, rigidity, and bradykinesia 

of which PD is the most frequent. PD is nowadays defined as a clinical condition of 

progressive parkinsonism of undetermined course without features suggestive of an 

alternative diagnosis, responding to dopaminergic treatment, and associated with 

depletion of brain stem neurons and with Lewy body inclusions in some of the remaining 

nerve cells.(12) The above definition is a combination of clinical features, response to 

treatment and ultimately pathological confirmation.

For clinical practice there are several diagnostic criteria for the diagnosis of PD.(13,14) The 

most commonly used are the UK Parkinson’s disease society brain bank clinical diagnostic 
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criteria (Table 1).(13,15) The inclusion criteria are slowness of initiation of voluntary 

movement with progressive reduction in speed and amplitude of repetitive actions 

(bradykinesia) and at least one of the following; tremor, rigidity, or postural instability not 

caused by primary visual, vestibular, cerebellar, or proprioceptive dysfunction. Furthermore 

there is a list of signs and symptoms, the so called red flags, which make PD very unlikely. 

In the end three or more additional supportive criteria, of which an excellent reponse to 

levodopa is the most important, are needed to make a definite diagnosis of PD. More 

recently published criteria (14) slightly differ from the UK brain bank criteria, but use the 

same systematic approach to the diagnosis (Table 2). In the Gelb criteria it is only possible 

to make a diagnosis of possible or probable PD during life as a definite diagnosis of PD 

requires histopathological confirmation obtained by autopsy.

As noticed previously, an important development in the recent years is the recognition 

of non-motor symptoms as part of the disease. The non-motor symptoms consist of 

neuropsychiatric symptoms (e.g. depression, anxiety, psychosis, cognitive impairment/

dementia, obsessive behaviour), sleep disorders (e.g. REM-sleep behavioural disorders, 

excessive daytime sleepiness), autonomic disturbances (e.g. bladder disturbances, 

sweating, orthostasis, sexual dysfunction, gastrointestinal dysfunction) and sensory 

symptoms (olfactory dysfunction, pain). These non-motor symptoms have a greater 

impact then the motor symptoms not only in terms of patients functioning and quality of 

Table 1. United Kingdom Parkinson’s Disease Society Brain Bank clinical diagnostic criteria.(15)

Inclusion criteria Exclusion criteria Supportive criteria 
(Three or more required for diagnosis 
of definite PD)

l Bradykinesia

And at least one of the following:

l Rigidity
l Rest tremor 4-6HZ
l Postural instability not caused 

by primary visual, vestibular, 
cerebellar or proprioceptive 
dysfunction

l History of repeated strokes 
with stepwise progression of 
parkinsonian features

l History of repeated head injury
l History of definite encephalitis
l Oculogyric crisis
l Neuroleptic treatment at onset of 

symptoms
l More than one affected relative
l Sustained remission
l Strictly unilateral features after 3 yr
l Supranuclear gaze palsy
l Cerebellar signs
l Early severe autonomic involvement
l Early severe dementia
l Babinski sign
l Presence of tumour or 

hydrocephalus on CT-scan
l Negative response to large doses 

of levodopa (if malabsorption is 
excluded)

l MPTP exposure

l Unilateral onset
l Rest tremor present
l Progressive disorder
l Persistent asymmetry affecting 

side of onset most
l Excellent response (70-100%) to 

levodopa
l Severe levodopa induced chorea
l Levodopa response for 5 yr or 

more
l Clinical course of 10 yr or more

C H A P T E R   1
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life, but also with regard to institutionalization rates and health economics.(2) Non-motor 

symptoms can be seen in all stages of the disease, but correlate with disease duration 

and increasing age. Treatment and co-morbid condition may attribute to severity and 

impact of the non-motor symptoms.

The differential diagnosis of PD includes a long list of different diseases of which essential 

tremor, drug-induced parkinsonism, vascular parkinsonism, and dementia with Lewy 

bodies are the most prevalent.(7) Other classic forms of parkinsonism are progressive 

supranuclear palsy, multiple system atrophy, and corticobasal degeneration. The prognosis 

Table 2. Diagnostic criteria of PD according to Gelb.(14)

Grouping of clinical features 
according to diagnostic uitility

Proposed diagnostic criteria 
for PD

Proposed criteria for 
histopathologic confirmation 
of PD

Group A features; characteristic 
for PD
l Resting tremor
l Bradykinesia
l Rigidity
l Asymmetric onset

Group B features; suggestive for 
other diagnosis
l Features unusual early in the 

course of the disease
Prominent postural instability in 
the first 3 yr
Freezing phenomena in the 
first 3 yr
Hallucinations unrelated to 
medications in the first 3 yr
Dementia preceding motor 
symptoms in the first year

l Supranuclear gaze palsy (other 
than restriction of upward gaze) 
or slowing of vertical saccades

l Severe, symptomatic 
dysautonomia unrelated to 
medications

l Documentation of a condition 
known to produce parkinsonism 
and plausibly connected to the 
patients symptoms (figure 1)

Criteria for POSSIBLE PD
l At least 2 of the 4 features in 

group A are present; at least 
one of these is tremor or 
bradykinesia

AND
l Either none of the features in 

group B is present or symptoms 
have been present for less 
then three yr, and none of the 
features in group B is present 
to date

AND
l Either substantial and sustained 

response to levodopa or a 
dopamine agonist has been 
documented or patient has 
not had an adequate trial of 
levodopa or dopamine agonist

Criteria for PROBABLE PD
l At least 3 of the 4 features in 

group A are present

AND
l None of the features in group B 

is present 

AND
l Substantial and sustained 

response to levodopa or a 
dopamine agonist has been 
documented 

Criteria for DEFINITE PD
l All criteria of POSSIBLE PD are 

met

AND
l Histopathologic confirmation 

of the diagnosis is obtained at 
autopsy

l Substantial nerve cell depletion 
with accompanying gliosis in the 
substantia nigra

l At least 1 Lewy body in the 
substantia nigra or in the locus 
ceruleus

l No pathologic evidence for 
other disease that produce 
parkinsonism
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and the response to levodopa of the latter are worse compared to PD.(15) Furthermore, 

there is a long list of other causes of secondary parkinsonism, which can be recognized 

based on history, signs, symptoms and ancillary testing (Figure 1). The underlying cause 

predicts the reaction to treatment and the prognosis.(12,16)

Neuropathologically, PD is characterized by significant loss of dopaminergic neurons 

in the substantia nigra pars compacta.(17) The post-mortem diagnosis is based on the 

evidence of specific inclusion bodies, which develop as spindle- or thread like Lewy neuritis 

in cellular processes, and in the form of globular Lewy bodies in neuronal perikarya. 

A major component of this Lewy neuritis and Lewy bodies is an aggregated form of 

normally pre-synaptic protein a-synuclein.(18) For staging purposes the Braak-criteria are 

used nowadays. These criteria suggest progression of the lesions in the brain with a 

caudo-rostral gradient, in which the degree of involvement is less important than the 

anatomical distribution of the lesions (Table 3).(18)

The causes and aetiology of PD in sporadic cases are still largely unknown. For most of 

the factors evidence is still inconclusive and, thus far, older age and smoking habits are 

the only risk factors that have consistently been found across studies.(8) There are several 

genes directly causing forms of PD (Table 4). All known monogenic forms combined 

explain about 20% of early-onset parkinsonism and less then 3% of late onset PD at 

best.(19) These percentages are higher when there is a typical family history (autosomal 

recessive or dominant) and when the age at onset is younger.(11) All real sporadic cases 

Figure 1  
DIFFERENTIAL DIAGNOSIS of PARKINSONISM  

Idiopathic Parkinson’s disease 
 

Parkinson plus syndromes  Secondary parkinsonism  

Progressive Supranuclear Plasy  
Multiple System Atrophy  
Cortical Basal Degeneration  
Lewy Body Dementia  
 
Vascular Parkinsonism  

Infectious  
Encephalitis lethargica, 
neurosyphylis, toxoplasmosis  
Toxic  
Carbon monoxide, cyanide, MPTP, 
manganese  
Drug-induced  
Neuroleptics (classical and atypical), 
tetrabenazine, valproic acid, calcium 
channel blockers  
Metabolic  
Hypoxia, extrapontine myelinolysis, 
Wilson’s disease, chronic liver failure, 
hypoparathyroidism  
Miscellaneous  
Huntington’s disease, SCA-2 and 
SCA-3, FTDP -17, DRPLA, Normal 
pressure hydrocephalus, 
neuroacanthocytosis, psychogenic  
 
Vascular Parkinsonism  

MPTP= 1 -methyl-4-pnenyl-4-propionoxypiperidine; SCA= spinocerebellar 
ataxia; FTDP -17= frontal temporal dementia and parkinsonism linked to 
chromosome 17; DRPLA= dentatorubropallidal- luysian atrophy 

C H A P T E R   1

14

proefschrift Bart Post 11 mei.indb   14 18-5-2009   10:02:02



Table 3. Braak stages, anatomical correlates and the clinical impact.

Braak Stage Anatomical 
structures

Functional 
pathway involved

Clinical Features Clinical practice

Stage 1
Medulla oblongata

Lesions in the dorsal 
IX/X motor nucleus 
and/or intermediate 
reticular zone

Olfactory bulb and 
anterior alfactory 
dysfunction

Para-sympathic 
nervous system

Autonomic 
dysfunction
Constipation

Olfactory 
dysfunction

Pre-clinical

Stage 2
Medulla oblongata 
and pontine 
tegmentum

Caudal raphe nucleus

Pedunculopontine 
nuleus

Coeruleus-
subcoeruleus complex

Serotoninergic

Cholinergic

Noradrenergic

Tremor
Depression
Sleep disorders 
(RBD)

Early cognitive 
dysfunction?
Sleep disorders 
(RBD)
Gait/balance/
speech; but 
atypical for early 
parkinsonism

Depression
Sleep disorders 
(RBD)

Pre-clinical / clinical

Stage 3
Midbrain

Pars compacta 
substantia nigra

Dopaminergic Classical motor 
features of PD: 
rigidity, bradykinesia, 
tremor

Clinical diagnosis 
PD

Stage 4
Basal 
prosencephalon and 
mesocortex

Cortical involvement 
confined to temporal 
mesocortex and 
allocortex

Magnocellular nuclei 
of the basal forebrain 
(nucleus basalis van 
Meynert)

Cholinergic Cognitive 
dysfunction
Hallucinations

Clinical diagnosis 
PD

Stage 5
Neocortex

High order sensory 
association areas of 
the neocortex and 
prefrontal neocortex

Depression
Hallucinations
Cognitve impairment 
Dementia

Clinical advanced 
PD

Stage 6
Neocortex

First order sensory 
association areas of 
the neocortex and 
premotor areas, 
sometimes changes in 
primary sensory and 
primary motor areas

Depression
Hallucinations
Cognitve impairment 
Dementia

Clinical advanced 
PD

IX= glossopharyngeal nerve; X= vagal nerve; RBD= REM-sleep behavioral disorders; PD= Parkinson’s disease
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of PD are nowadays thought to result from interactions between environmental and 

genetic factors. Although rare the genes causing monogenetic PD are important because 

the associated molecular pathways give insight into the pathogenesis and serve as a 

model for idiopathic PD.

Treatment of motor symptoms of PD consists of several features, e.g. slowing disease 

progression, providing symptomatic relieve of motor and non-motor symptoms, and 

treating / preventing motor fluctuations and dyskinesias. The mainstay and most potent 

therapy still is levodopa, but also dopamine agonists have an important role. Later in the 

course of the disease modifying the pharmacokinetics/dynamics of levodopa by means 

of catechol-O-methyltransferase (COMT) and monoamine oxidase B (MAO-B) inhibitors 

becomes more important. Furthermore continuous dopaminergic stimulation by levodopa 

infusion directly in the small intestine (duodopa) or apomorphine subcutaneous are 

available for the treatment of advanced PD. Finally surgical options must be considered, 

Table 4. Genetics of PD.

Locus Chromosome Inheritance 
pattern

Clinical features; PA Gene Protein Protein function

Park 1 4q21 AD Similar to IPD; younger onset and more rapid progression;
PA like IPD

Alpha-synuclein Alpha-synuclein Component of Lewy bodies; function still not understood

Park 2 6q25.2-q27 AR Young onset parkinsonism, l-dopa reactive, frequent with 
dystonia, slow progression, when treated often dyskinesias;
PA without Lewy bodies

Parkin Ubiquetin ligase Component of ubiquetin-proteasome system

Park 3 2p13 AD Similar to IPD; PA like IPD ? ? ?

Park 4 4p16 AD Similar to PARK 1; more aggressive, with dementia and 
dysautonomia; PA like IPD but with vacuoles in neurons of 
hippocampus

Triplification of Alpha 
synuclein gene

Alpha-synuclein Component of Lewy bodies; function still not understood

Park 5 4p14 AD Similar to IPD; PA unknown UHCL-1 UHCL-1 Component of ubiquetin-proteasome system

Park 6 1p35-1p36 AR Young onset parkinsonism, l-dopa reactive, frequent with 
dystonia, slow progression, when treated often dyskinesias;
PA unknown 

PINK-1 PINK-1 Protection against mitochondrial dysfunction

Park 7 1p36 AR Young onset parkinsonism, l-dopa reactive, frequent with 
dystonia, slow progression, when treated often dyskinesias;
PA unknown

DJ-1 DJ-1 Debate:reactions to oxidative stress or reaction to 
proteotoxic stress or function in mitochondrion

Park 8 12p11.2-q13.1 AD Similar to IPD; even detactable in real SPORADIC cases!!!;
PA highly variable with alpha synuclein and tau pathology

LRRK2 Dardarin (Bask for 
tremor)

?

Park 9 1p36 AR Kufor-Rakeb syndrome; early onset nigro-striatal-pallidal-
pyramidal neurodegenerative disorder with clinical features 
including PD; PA  unknown

? ? ?

Park 10 1p32 ? Similar to IPD; PA unknown ? ? ?

Park 11 2q36-37 ? Similar to IPD; PA unknown ? ? ?

Park 12 Xq X-bound ? ? ? ?

Park 13 ? ? Similar to IPD; PA unknown Omi/HTRA2 Omi/HTRA2 ?

IPD= Idiopathic Parkinson’s Disease ;PINK-1= PTEN (=phosphatase and tensin homologue deleted on 
chromosome 10) Induced Kinase;DJ-1= ;LRRK2=Leucine-Rich Repeat Kinase 2;PA=pathologic anatomy; 
AD=autosomal dominant; AR=autosomal recessive.

C H A P T E R   1
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although there is a tendency to use this option more early in the disease.(20) The treatment 

of non-motor symptoms is tailored to the specific symptoms and the list of potential 

therapies is comprehensive. For example when there are fluctuations in attention and 

hallucinations in PD patients with cognitive impairment, treatment with cholinesterase-

inhibitors must be considered. Therapy for depression includes psychosocial support, 

behavioural therapy, psychotherapy, drug therapy and electroconvulsive therapy. 

Orthostatic hypotension can be treated with a combination of compression stockings, 

oral intake of salt and fludrocortison.(21)

The prognosis for the individual patient is difficult to predict. The median survival since 

diagnosis ranges from 9.1 years (95% CI 7.4-10.9) (22) in a population based cohort 

to 12.2 years (95% CI 10.3-14.0) in a hospital based cohort.(23) Most epidemiological 

studies suggest that PD reduces life expectancy with reported mortality hazard ratios 

between 1.5 and 2.7.(8) Furthermore about 25-40% of the patients with PD develop 
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dementia. The relative risk of dementia of people with PD compared to healthy people 

ranged from 1.7-5.9.(8) This thesis will describe the prognosis of PD regarding motor 

impairment, disability, and health related quality of life.

To conclude, nowadays it is clear that PD is a multi-system disorder with much more 

signs and symptoms then the classical motor features tremor, bradykinesia, rigidity, and 

postural instability. Recognition of the complexity of PD is essential for good care of 

patients with PD, which needs a multidisciplinary approach.

C H A P T E R   1
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In this thesis the results of a prospective three year follow-up cohort study of patients with 

Parkinson Disease (PD) are described. Our cohort study is part of the  CARPA (Comorbidity 

and Aging in Rehabilitation patients; the influence on Activities) research program, which 

investigates the functional course, determinants and prognosis of three different chronic 

disorders; postpoliomyelitis syndrome, ostheoarthritis and PD. Ultimately the results of 

CARPA  must lead to an improvement of  care for these patients. 

The main focus of the studies is to investigate the clinical profile, progression and 

prognostic factors of (early) PD. As a sound assessment of patient’s neurological 

impairment and physical disability forms an essential part of the studies presented, the 

first two chapters of the thesis specifically concentrates around some clinimetric issues. 

The Unified Parkinson’s Disease Rating (UPDRS) scale is a widely used instrument for the 

clinical evaluation of PD.(1,2) This scale is subdivided in four separate parts (mentation, 

activities of daily living, motor examination and complications of therapy). The motor 

examination (UPDRS-ME) part quantifies type, number, and severity of extra-pyramidal 

signs. The UPDRS-ME scores facial expression, speech, tremor (at rest and in action), 

rigidity, bradykinesia (arms, legs and whole body), arising from a chair, posture, gait, and 

postural stability. In general, the scale scores are assigned by experienced neurologists. 

In search of the most effective and efficient combination of health care professionals 

to deliver care for chronic patients, nowadays nurse practitioners perform tasks that 

traditionally belonged to the domain of the physician. Regarding care of PD patients, this 

trend is reflected by the fact that the administration of the UPDRS is performed more 

and more by nurses. In chapter 2 we assessed whether nurse practitioners, residents 

in neurology and movement disorders specialists can score PD-patients on the UPDRS-

ME with comparable reliability. Next to assessing motor impairment disability is another 

important and patient-relevant health domain. Assessment of early signs of disability 

becomes increasingly important in the context of current research on neuroprotection 

and symptomatic treatment in PD. Neuroprotection in the context of PD refers to slowing 

the degeneration of neurons relative to the rate of degeneration in the absence of the 

intervention early in the disease course. If effective this would translate into slowing the 

progression of physical disability.(3) In symptomatic treatment early in the disease the 

ADL part of the UPDRS is most often used, but this part of UPDRS is confounded by 

items that examine patients perceptions of primary disease manifestations (e.g. tremor 

and salivation).(1) Therefore, in chapter 3, we present a new generic instrument to 

measure level of activities of daily living (ADL) in PD patients: the AMC linear Disability 

Score (ALDS). The ALDS is validated as being one of the first disability measures for 

the PD population developed within the flexible framework offered by item response 

theory (IRT).(4) Using IRT based outcome measures will lead to a more accurate and 

sensitive way in measuring functional outcome.(5) This is especially important in early 
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PD, because the current outcome measures have considerably floor effects which make 

neuroprotective trials prone to type II error. 

The clinical profile, progression and prognostic factors of (early) PD form the main 

components of the further chapters of this thesis. Although the clinical signs of PD have 

been described extensively, there is still debate about the way the disease progresses 

and how to use this type of clinical information in daily patient care. In chapter 4 a 

systematic review is presented summarizing and analyzing almost forty years of literature 

on prognostic factors for the progression of PD. One of the conclusions of this study and 

also of two other reviews on this subject is that cognitive impairment plays an important 

prognostic role in future motor impairment.(6,7) To investigate the importance of 

cognitive impairment in (early) PD, all newly diagnosed PD patients included in the CARPA 

research program underwent an extensive neuropsychological assessment . The results 

of these neuropsychological tests are reported in chapter 5. Despite the identification of 

several prognostic factors for the progression of PD it is still difficult to predict the mid- 

and longterm outcome for the individual patients. One of the possible reasons for this 

is the marked clinical heterogeneity in the PD population, suggesting the existence of 

subgroups of patients with different clinical phenotypes in terms of motor impairments, 

disabilities, and progression of the disease.(8) Identification of these subgroups is 

important because these different subgroups are most likely to arise from different 

combinations of genetics and (environmental) modifiers and so gives new insights for 

studying the neuropathological background, etiology, (neuroprotective) therapies and 

prognosis of PD. For this reason the heterogeneity of newly diagnosed PD is analyzed 

using the statistical technique of cluster analysis .The results of this study are presented 

in chapter 6. Another way to analyze this heterogeneity is to describe prognostic factors 

and the course of the disease and use this information to try to identify subgroups with 

a similar course of the disease. Insight in this variability can help us guide clinical decision 

making, improve understanding of the disease process, improve the design and analysis 

of clinical trials, and to define risk groups with more rapid progression.(9) Chapter 7 

identifies the determinants of patient’s level of disability and quality of life in mild to 

moderate PD. The knowledge of the preceding chapters is then used to describe, in 

chapter 8, the magnitude of progression of impairments and functional health and their 

predictors using the longitudinal data of the three year follow-up in our PD cohort. 

Chapter 9 presents a general discussion in which we first elaborate on what is known 

about prognostic variables in PD. Then we describe the progression in early PD in the 

context of three different stages in clinical PD. Next we comment on the use of non-

neurologist for assessing and scoring patients and new IRT-based techniques for rating 

scales. Finally, we describe our future research project in which we will further explore 

the motor and disability progression of PD, the progression of cognitive functioning, the 
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problem of orthostatic hypotension, and the influence of genetic variability on the clinical 

features of PD. A Summary in English and Dutch concludes the thesis.
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Abstract

Objective

The Unified Parkinson’s Disease Rating Scale (UPDRS) is widely used for the clinical 

evaluation of Parkinson’s disease (PD). We assessed the rater variability of the Unified 

Parkinson’s Disease Rating Scale motor examination (UPDRS-ME) of nurse practitioners, 

residents in neurology and a movement disorders specialist (MDS) compared to a senior 

MDS. 

Methods

We assessed the videotaped UPDRS-ME of 50 PD patients. Inter-rater and intra-

rater variability were estimated using weighted kappa (κw) and intra class correlation 

coefficients (ICC). Additionally, inter-rater agreement was quantified by calculation of 

the mean difference between two raters and its 95% limits of agreement. Intra-rater 

agreement was also estimated by calculation of a 95% repeatability limits. 

Results

The κw and ICC statistics indicated good to very good inter-rater and intra-rater reliability 

for the majority of individual UPDRS-items and the sum score of the UPDRS–ME in all 

raters. However for inter-rater agreement, it appeared that both nurses, residents, and 

the MDS consistently assigned higher scores than the senior MDS. Mean differences 

ranged between 1.7 and 5.4 (all differences P<0.05) with rather wide 95% limits of 

agreement. The intra-rater 95% repeatability limits were rather wide. 

Conclusion

We found considerable rater difference for the whole range of UPDRS-ME scores between 

a senior MDS and nurse practitioners, residents in neurology, and a MDS. This implies 

that the amount by which raters may disagree should be quantified before starting 

longitudinal studies of disease progression or clinical trials. Finally, evaluation of rater 

agreement should always include the assessment of the extent of bias between different 

raters.
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Introduction

The Unified Parkinson’s Disease Rating Scale (UPDRS) is widely used for the clinical 

evaluation of Parkinson’s disease (PD).(1) The scale consists of the following four 

components: part one mentation, behaviour and mood; part two activities of daily living; 

part three motor examination; and part four complications of therapy.(2)

The motor examination part of the UPDRS (UPDRS-ME) quantifies type, number, and 

severity of extra-pyramidal signs. The UPDRS-ME has a high internal consistency (3-5) and 

is responsive to changes in time.(6) The inter-rater reliability of expert neurologists has 

been shown to be adequate.(3,7-10) The intra-rater reliability ranged from low to good.

(8,10,11) Administration of the UPDRS-ME is generally believed to require experienced 

raters.(6,7,12)

In search of the most effective and efficient combination of health care professionals 

to deliver care for chronic patients, nowadays nurse practitioners perform tasks that 

traditionally belonged to the domain of the physician. Regarding care of PD patients, 

this is reflected by the fact that the administration of the UPDRS-ME is more and more 

handed over to nurse practitioners.

The ability of nurse practitioners to administer the UPDRS-ME has been reported once.(8) This 

study reported ratings of nurse practitioners corresponding closely with those of a neurologist 

specialised in movement disorders. However, this concerned a modified version of the UPDRS-

ME that was applied to a community sample of elderly with mild parkinsonian symptoms who 

did not come to medical attention. 

In addition, although residents in neurology are fully enlisted in the care of patients with PD, 

their ability to administer the UPDRS-ME has never been formally assessed. A previous study 

reported a satisfactory inter-rater reliability of the UPDRS-ME for residents in geriatrics.(3)

Therefore, we assessed the inter-rater and intra-rater variability of the UPDRS-ME of 

nurse practitioners, residents in neurology and a movement disorders specialist (MDS) 

compared to a senior MDS.

Methods

Patients

Fifty patients with PD participating in research projects conducted at our clinic were 

included. Twenty PD patients were recruited from an ongoing prospective cohort study 

on functional status and had PD diagnosed after 1996. Thirty PD patients were derived 

from a Dutch multi-centre trial assessing the efficacy of unilateral pallidotomy.(13) All 
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the patients were assessed by a resident in neurology to confirm the diagnosis of PD 

according to internationally accepted diagnostic criteria.(14)

UPDRS-ME

The UPDRS-ME allows the scoring of speech, facial mobility, resting tremor (face and each 

limb), action tremor (upper limbs), finger taps (taps of thumb with index finger), hand 

movements (rapid opening and closing), rapid alternating movements (pro- supination), 

leg agility (rapid heel tapping), arising from a chair, posture, gait, postural stability and 

body bradykinesia / hypokinesia. For each sign a five-step severity gradation is used, with 

zero representing absence and four representing maximum severity of that sign.(2)

Raters

The raters were two nurse practitioners, two residents in neurology, and two MDS.  

Although both nurse practitioners already had experience scoring the UPDRS-ME, they 

underwent a formal training protocol before starting this study: first, the UPDRS-ME was 

explained by the senior MDS (J.D.S.); second, the teaching tape for UPDRS-ME developed 

by Goetz et al. (9) was studied; and third, 10 videotaped administrations of the UPDRS-ME 

of patients with PD were scored and discussed in the presence of all raters participating 

in the study.

Procedure

The UPDRS-ME was administered after a clinical evaluation, containing a history and a 

neurological examination. Patients were taped according to a standard protocol, which 

was based upon the teaching tape for the UPDRS-ME.(9) All subjects gave informed 

consent. Rigidity was not recorded because it cannot be assessed on videotape.(9,15) 

The patients from the trial were all scored in the standardised off-state (13), because in 

the on-state they all had dyskinesias, which interfere with measurement of the UPDRS-

ME.(9) The patients from the cohort study were assessed in the outpatient clinic. They 

were all on medication and only one of them had mild dyskinesias. All motor signs were 

rated using the videotape. The raters did not discuss their ratings with each other during 

or after the assessment of the patient, and thus remained unaware of each others scores. 

For the assessment of the inter-observer reliability all videotaped patients were rated by 

the two nurse practitioners, two residents in neurology (BP, AWL) and one MDS (RdB). 

All ratings were compared to the ratings of the senior MDS (JDS). One nurse practitioner, 

one resident in neurology (BP) and the senior MDS (JDS) rated all patients using the same 

videotape for a second time 6-8 weeks later to assess intra-rater reliability.
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Data analysis

The inter-rater variability was calculated for each item using a weighted kappa-statistic 

(κw) for each pair of observers. The kappa statistic estimates the proportion of agreement 

among observers after chance agreement has been removed. Chance agreement is the 

proportion of agreement expected if observer’s ratings were completely random. A 

κw adds different weights to disagreement according to the magnitude of discrepancy 

in ordinal data.(16) If kappa equals zero it denotes that the agreement between the 

examiners is not better than that expected by chance and if the kappa equals one there 

is perfect agreement. There is no absolute definition how to interpret kappa values, 

but we used criteria proposed by Altman (17), and adapted from Landis and Koch 1977 

(18); <0.20 poor agreement ; 0.21-0.40 fair agreement; 0.41-0.60 moderate agreement; 

0.61-0.80 good agreement; and 0.81-1.0 very good agreement. For the total score of 

the UPDRS motor section inter-rater reliability was evaluated with help of the intraclass 

correlation coefficient (ICC). The ICC is a parametric measure assessing rating reliability 

by comparing the variability between subjects  to the total variability (subjects, raters, 

error).(19) The values of the ICC range between 0 and 1, with a higher value indicating 

that less variance is due to other factors such as differences between observers. The ICC 

was calculated as a two-way mixed effects model with absolute agreement.(20)

Additionally inter-rater agreement was studied in a scatter plot as described by Bland 

and Altman.(21,22) This plot shows the difference between the two measurements by 

each rater on the vertical axis against their mean on the horizontal axis. Vertical spread 

correlates with the degree of inter-rater variation for the specific value. To predict the 

possible range of differences, 95% limits of agreement were calculated as 1.96 times 

the standard deviation of the mean difference, provided the differences are normally 

distributed. This means that we would expect 95% of the differences between two raters 

to lie between these limits. For the interpretation of the measurement error, the largest 

limit of agreement (either upper or lower limit) is most relevant. To assess systematic 

bias the mean difference is used. In case of systematic bias the mean difference 95% 

confidence interval will not include zero. The strength of the relationship between the 

differences and their mean was indicated by the slope of a regression line. 

The intra-rater variability was calculated using the κw and the ICC. The ICC for the intra-

rater reliability was calculated using oneway random effects model.(19,20) Additionally, 

95% repeatability coefficients (or intra-rater agreements)  were calculated.(21,22)

STATXACT-version 3.0 statistical software was used to calculate the weighted kappa 

statistic. SPSS -version 11.5 statistical software was used for all other statistical analyses.
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Results

Patient characteristics

Demographic and clinical characteristics of the PD patients are displayed in Table 1. Age 

ranged from 35 to 83 years with a mean age of 63.2 years (standard deviation (SD) 19.3 

yrs). Mean disease duration amounted to 11.4 years (SD 7.4) with a range of 0.5-27.5 

years.  All Hoehn and Yahr stages were represented in the sample. The range of the 

sum scores of UPDRS-ME was 7 to 82 points (mean 37.7), so it encompassed the whole 

spectrum of PD. 

Inter-rater variability of the 
UPDRS-ME 

ICC’s and κw are displayed in Table 

2. For the nurses inter-rater reliability 

ranged from good to very good for the 

majority of individual UPDRS-items (κw 

0.65-0.93). Facial expression (0.43), 

head tremor (0.53- 0.31), action tremor 

of the right arm (0.53-0.45), and action 

tremor of the left arm (0.55) had fair 

to moderate agreement. The inter-

rater reliability for the sum score of the 

UPDRS-ME was very good (0.90-0.91). 

For the residents inter-rater reliability 

ranged from good to very good for 

the majority of individual UPDRS-items 

(0.60-0.94). Only three items had a 

fair to moderate agreement; facial 

expression (0.40), tremor right leg 

(0.41), and action tremor right arm 

(0.56). The kappa for head tremor for 

resident 1 could not be calculated. The 

inter-rater reliability for the sum score of the UPDRS–ME was very good (0.86-0.90). For 

the movement disorder specialist inter-rater reliability ranged from good to very good 

for the majority of individual UPDRS-items (0.66-0.91). Action tremor right arm (0.52) 

had a fair to moderate agreement. The inter-rater reliability for the sum score of the 

UPDRS–ME was very good (0.91).

Table 1. Clinical characteristics of the selected 50 
Parkinson’s disease patients.

Clinical variables Total (n=50)

Current age 63.2 (19.3; 35-83)

(mean yrs (SD, range))

Age of onset 51.8 (12.4; 27-78)

(mean yrs (SD, range))

Gender  (m/f) 25/25

MHY-score

1 6

1.5 _

2 9

2.5 5

3 13

4 5

5 12

Sum score UPDRS-ME 37.7 (19.3; 7-82)

(mean  (SD, range))

Dopaminergic therapy 45

Dyskinesias during videotape 1

YRS = years; SD = standard deviation; MHY = Modified 
Hoehn Yahr; UPDRS-ME = Unified Parkinson’s Disease 
Rating Scale motor examination.
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Table 2. Inter-rater reliability of the UPDRS-ME: Intraclass correlation coefficients for the sum scores and 
weighted kappa values for the individual items. All raters compared to the senior MDS.

Nurse 1 Nurse 2 Resident 1 Resident 2 MDS

Sum score .91 .90 .90 .86 .91

Speech .83 .69 .78 .63 .72

Facial expression .43 .66 .40 .66 .66

Tremor at rest

head .53 .31 X .70 .70

arm right .81 .88 .64 .80 .80

arm left .75 .78 .68 .75 .81

leg right .90 .64 .61 .41 .66

leg left .74 .68 .63 .65 .77

Action tremor

arm right .53 .45 .56 .60 .52

arm left .66 .55 .64 .64 .75

Finger tap

right .72 .77 .86 .78 .76

left .72 .83 .78 .76 .71

Hand movement

right .69 .77 .71 .66 .69

left .74 .85 .82 .72 .78

 Pronation/supination

right .70 .71 .73 .63 .74

left .83 .80 .75 .71 .75

Leg agility

right .69 .72 .85 .79 .87

left .74 .71 .83 .75 .79

Arising from chair .92 .91 .88 .94 .91

Posture .65 .84 .67 .84 .83

Gait .90 .84 .87 .87 .90

Postural stability .93 .87 .85 .89 .91

Body bradykinesia .72 .67 .69 .75 .77

UPDRS-ME = Unified Parkinson’s Disease Rating Scale motor examination; MDS = movement disorders 
specialist. X = weighted kappa could not be calculated because of missing values.

Using more detailed analysis, the Bland Altman plots (Figure 1) showed that both nurses, 

residents, and the MDS consistently assigned higher scores than the senior movement 

disorder specialist. Mean differences ranged between 1.7 and 5.4 (Table 3) (all differences 

p<0.05) with rather wide 95% agreement intervals. In addition a pattern of growing 
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disagreement with increasing values was observed between nurse 1 and senior MDS 

specialist. With respect to resident 1 difference tended to be in opposite directions for 

low and high UPDRS sum scores: for low UPDRS sum scores resident 1 assigned higher 

scores than the MDS senior, and for higher UPDRS sum scores lower scores.

Mean total UPDRS-ME nurse 1 and senior MDS
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Figure 1. Plots of differences between two 
raters against their mean for the total UPDRS-ME 
score. The mean value (dotted line), regression 
line of the differences (drawn line) and 95% 
limits of agreement (dashed line) are drawn. All 
mean differences were statistically significant 
different from 0 (P<0.05). This means that both 
nurses, residents, and the MDS consistently 
assigned higher scores than the senior MDS. 
Only the regression line of resident 1 (plot C) 
was statistically significant (slope B is –0.22, 
P=0,001). With respect to resident 1 difference 
tended to be in opposite directions for low and 
high UPDRS sum scores.
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Intra-rater variability of the UPDRS-ME 

Intra-rater reliability was assessed for nurse 1, resident 2, as well as the senior MDS. 

Reliability coefficients, ICC’s and κw are displayed in Table 4. For the nurse practitioner 

intra-rater reliability ranged from good to very good for all individual UPDRS-ME items 

(0.60-0.94). The intra-rater reliability for the sum score of the UPDRS–ME was very 

good (0.91). For the resident intra-rater reliability ranged from good to very good for 

the majority of the individual UPDRS-ME items (0.66-0.97). Tremor right leg had a fair to 

moderate agreement (0.46). The intra-rater reliability for the sum score of the UPDRS–ME 

was very good (0.97). For the senior movement disorder specialist intra-rater reliability 

ranged from good to very good for the majority of individual UPDRS-items (0.74-0.94). 

Facial expression (0.58) and action tremor of the right and left arm (0.54-0.51) had a 

moderate agreement. The intra-rater reliability for the sum score of the UPDRS–ME was 

very good (0.95).

Additionally, 95% repeatability limits (or intra-rater agreement limits) were calculated 

(Table 3). The 95% repeatability limits of nurse 1 were comparable to the corresponding 

inter-rater 95% limits of agreement. (-6.8–11.0 vs. –8.5–11.9 respectively)  For resident 

2 the 95% repeatability interval was smaller than the corresponding inter-rater 95% 

agreement interval (-7.7-5.9 vs. –5.1-15.8) due to a considerably lower upper limit. The 95 

% repeatability limits of the senior MDS, –8.3 and 7.1, were more or less similar to the 

repeatability limits of resident 2.

Table 3. Inter-rater variability for the total UPDRS-ME scores assigned by  the nurses, residents, MDS and  
the senior MDS as well as 95% intra-rater agreement limits (or 95% repeatability limits).

Mean 
difference

SD 
difference

95% CI of 
mean

P 95% inter-rater 
agreement limits 

95% intra-rater 
agreement limits
(or repeatibility 

limits)

Nurse 1 1.7 5.2 0.1 – 3.3 0.041 -8.5 – 11.9 -6.8 – 11.0

Nurse 2 4.1 4.3 2.8 – 5.5 <0.001 -4.3 – 12.5 n.a.b

Resident 1 1.9 4.9 0.3 – 3.5 0.019 (-0.7- 0.2*total UPDRS ME) – 
(15.7-0.2*total UPDRS ME )a

n.a. b

Resident 2 5.4 5.3 3.7 – 7.0 <0.001 -5.1 – 15.8 -7.7 – 5.9

MDS 4.2 4.2 2.9 – 5.5 <0.001 -4.1 – 12.5 n.a. b

Senior MDS reference -8.3 – 7.1

a Regression based limits of agreement since difference changes with magnitude of average scores. Total 
UPDRS-ME  is the average score of both raters. In clinical practice, with only one rater, this is the score 
provided by that specific rater. b n.a.: not assessed.
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Discussion

This is a comparative evaluation of the inter-rater and intra-rater variability of the UPDRS-

ME of most of the health care professionals involved in the care of PD patients, i.e. 

nurse practitioners, residents in neurology and movement disorder specialists. Presence 

Table 4. Intra-rater reliability of the UPDRS-ME: Intraclass correlation coefficients for the sum scores and 
weighted kappa values for the individual items. All raters compared to themselves 6-8 weeks earlier.

Nurse 1 Resident 2 Senior MDS

Sum score .91 .97 .95

Speech .81 .87 .89

Facial expression .70 .72 .58

Tremor at rest

head .83 X .84

arm right .75 .93 .80

arm left .75 .89 .74

leg right .76 .46 .86

leg left .79 .79 .87

Action tremor

arm right .86 .91 .54

arm left .71 .66 .51

Finger tap

right .76 .87 .81

left .78 .83 .78

Hand movement

right .70 .80 .78

left .77 .82 .86

 Pronation/supination

right .60 .80 .79

left .74 .88 .82

Leg agility

right .72 .90 .85

left .69 .87 .83

Arising from chair .94 .91 .93

Posture .80 .91 .82

Gait .92 .94 .91

Postural stability .94 .95 .94

Body bradykinesia .84 .85 .86

UPDRS-ME = Unified Parkinson’s Disease Rating Scale motor examination; MDS= movement disorders 
specialist. X = weighted kappa could not be calculated because of missing values.
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of systematic difference in assigned UPDRS-ME scores between these different raters 

compared to a senior MDS was observed for the whole range of scores when plotting 

inter-rater differences against their mean. The limits of agreement show that if patients 

are assessed by two different observers, differences in the assigned UPDRS-ME scores 

can be as large as 16 points (referring to the largest of the lower and upper limits of 

agreement). This means that if patients are assessed on two different occasions by two 

different observers, real changes in the total UPDRS-ME scores of less than 16 points can 

not be distinguished from measurement error. This considerable inter-rater disagreement 

can partly be attributed to the rather large intra-rater variation. This lack of agreement 

was by no means obvious in the kappa and ICC values for the UPDRS-ME scores, which 

suggested good inter-rater and intra-rater reliability. 

Evaluation of rater variability only by kappa and ICC’s is insufficient. Measures of 

agreement as derived by Bland Altman plots provide insight into the ability of two or 

more observers to achieve the same value, while kappa statistics and ICC’s indicate the 

ability of two or more observers to differentiate between subjects in a group.(23) The 

main weakness of kappa is that it fails to detect systematic difference between raters.(24) 

The ICC is defined as the ratio of the variance between patients over the total variance. 

A higher value indicates that less variance is due to different sources of error, such as 

differences between observers. However, the actual amount of disagreement between 

observers is not indicated by the ICC.

Previous reports on rater variability of the UPDRS-ME in PD patients only considered kappa 

and ICC coefficients.(3,7,8,10,11) In these studies intra-rater and inter-rater reliability for 

the individual items ranged from poor to good. This inconsistency concerned the core 

features bradykinesia, tremor and rigidity (6) and may be explained by small sample sizes 

(7,10), use of different populations, e.g. normal versus older population (8), as well as 

the use of a modified versions of the UPDRS-ME.(8,10) The present patient sample, in 

contrast, enclosed PD patients with a wide range of age distribution, varying disease 

duration, and all degrees of disease severity in terms of UPDRS-ME sum scores and 

disability in terms of Hoehn and Yahr stages are present. The patient sample did not 

enclose PD patients with dyskinesias. Accordingly, our results are applicable to the clinical 

setting in PD patients without dyskinesias. 

Systematic difference between the raters and the senior MDS occurred despite a prior 

training session to ensure similarity of rating methods. This training consisted of an 

explanation of the UPDRS-ME by an expert, scoring and discussion of 10 videotaped 

UPDRS-ME administrations as well as the UPDRS-ME Teaching Tape. This videotape is 

widely accepted and recommended as a training device to standardise the practical 

application of the UPDRS-ME and guarantee uniform interpretation.(6,9) Recently Goetz 

and Stebbins reported on the utility of the UPDRS Teaching Tape for successful training of 
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the UPDRS-ME administration.(25) They examined among 226 raters the proportion that 

successfully rated the UPDRS-ME within 95% confidence interval range established by 

three experts. It appeared that only 55% of raters scored within the acceptable range on 

their first rating. Passing rates did not differ by professional status (half of the raters were 

university professors of neurology with expertise in PD). This is in accordance with our 

finding of systematic difference between the senior MDS and both nurses and residents 

as well as a MDS. This implies that the ability of nurses and residents in neurology to 

administer the UPDRS does not differ from the ability of a MDS. 

In the same report the most difficult cases of the UPDRS-ME teaching tape appeared the 

cases with minimal and severe Parkinsonism, for whom respectively 98% of the failures were 

due to overrating and 83% of the failures were due to underrating. In the present analysis 

rater agreement in the subgroup of patients with minimal PD (cohort) was comparable to 

the rater agreement in the subgroup with advanced PD (trial) (results not shown).

A search for possible problematic items that could account for the systematic difference 

in total UPDRS-ME scores between the senior MDS and the other raters did not yield an 

answer. The systematic differences appeared to be present for all items of the UPDRS-ME. 

The systematic difference cannot be attributed to different scores in severity subgroups or 

one of the different items of the UPDRS-ME. We hypothesize that the fact that the senior 

MDS is predominantly engaged in the care of the most serious, complicated type of PD 

patients may have contributed to his systematically lower scoring of the present patients. 

The presence of dyskinesia may interfere with the assessment of the UPDRS-ME.(9) 

Because dyskinesias mainly occur during the on-state, the 20 mild to moderate PD patients 

in our sample, from the ongoing cohort study, were at risk for developing dyskinesias. As 

only one of them had mild dyskinesias, this will not have influenced our results. 

In conclusion, our study shows considerable observer difference for the whole range of 

UPDRS-ME scores between a senior MDS and nurse practitioners, residents in neurology, 

and a MDS. This could in part be attributed to within observer disagreement. This implies 

that investigators should quantify the agreement of their assessments before starting 

longitudinal studies of disease progression or clinical trials. Ideally, the same observer 

should be responsible for the assessment of each patient, since intra-rater agreement is 

in general better than inter-rater agreement. This applies even more for individual patient 

management, since the reliability of an instrument for individual patient management 

should be higher then for use in group comparisons in clinical trials. Finally, evaluation 

of rater agreement should not be limited to κw and ICC statistics but always include the 

assessment of the extent of bias between different raters.
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Abstract

Objective

The aim of this study was to examine the clinimetric properties of the AMC Linear Disability 

Score (ALDS), a new generic disability measure based on Item Response Theory, in newly 

diagnosed Parkinson’s disease (PD) patients. 

Methods

A sample of 132 PD patients was evaluated using the Hoehn and Yahr (HY), the Unified 

Parkinson’s Disease Rating Scale (UPDRS) motor examination, the Schwab and England 

scale (SE), the SF-36, the Parkinson’s Disease Quality of Life Questionnaire (PDQL) and 

the ALDS. 

Results

The internal consistency reliability of the ALDS was good (α = 0.95) with 55 items 

extending the sufficient item-total correlation criterion (r > 0.20). The ALDS was correlated 

with other disability measures (r = 0.50 - 0.63) and decreasingly associated with measures 

reflecting impairments (r = 0.36 - 0.37) and mental health (r = 0.23 – -0.01). With regard 

to know-group validity, the ALDS indicated that patients with more severe PD (HY stage 

3) were more disabled than patients with mild (HY stage 1) or moderate PD (HY stage 

2) (p < 0.0001). The ALDS discriminated between more or less severe extrapyramidal 

symptoms (p = 0.001) and patients with postural instability showed lower ALDS scores 

compared to patients without postural instability (p = < 0.0001). Compared to the SE 

(score 100% = 19%), the ALDS showed less of a ceiling effect (5%). 

Conclusion

The ALDS is a flexible, feasible and clinimetrically promising instrument to assess the level 

of disability in newly diagnosed PD patients.
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Introduction

The impact of a disease on a patient’s level of activities of daily living (ADL) is generally 

considered as an important outcome measure in clinical studies.(1) This is not different 

in patients with Parkinson’s disease (PD).(2,3) Frequently used (disease-specific) disability 

scales, such as the ADL part of the Unified Parkinson’s Disease Rating Scale (UPDRS-

ADL) (4), are sum-score-based. Consequently, all items have to be presented to all patients 

irrespective of their level of disability, which means that able patients as well as more 

disabled patients will be presented the same items, which may leads to ceiling and floor 

effects.(5-7) Another disadvantage is that each scale contains different items, response 

options, and scoring rules, which hinder direct comparisons of interventions.(8) An 

alternative approach is the use of ordinal indexes, such as the Schwab & England Activities 

of Daily Living Scale (SE) (9), which are less sensitive for subtle changes in a patient’s 

condition. 

Currently, interest is moving towards the more flexible framework offered by item 

response theory (IRT). An item bank is a collection of items, for which the measurement 

properties of each item are known.(10-12) Since IRT centers on the measurement 

properties of individual items, rather than the instrument as a whole, it is not essential for 

all respondents to be examined using all items when using an item bank. It is possible to 

select items for individual patients using small sets of items tailored to the disability level 

of the patients.(13) This can reduce the burden of testing considerably for both patients 

and researchers. Examples of other disability item banks are developed by Haley et al (14) 

and Ware et al.(15)

Using modern clinimetric methods based on IRT (11) we developed a linear outcome 

scale which can be used in both mildly and severely affected patients.(8,16,17) The AMC 

Linear Disability Score (ALDS) is a generic, non-disease-specific item bank consisting of 

77 ADL items hierarchically ordered from simple to complex. By using a small number of 

items, tailored to the ADL level of patients, a sufficiently detailed clinical picture can be 

obtained. Even if different sets of items are used for different groups of patients, ALDS 

scores can still be compared within or between medical specialties. 

Assessment of early signs of disability becomes increasingly important in the context of 

current research on neuroprotection and symptomatic treatment in PD.(18) The objective 

of this article was therefore to examine the clinimetric properties of the ALDS item bank 

in newly diagnosed PD patients in terms of internal consistency reliability, validity and the 

presence of a ceiling effect. In line with this objective and in agreement with our previous 

studies(19,20), we hypothesized that the ALDS (a) has an internal consistency reliability 

exceeding the 0.80 coefficient alpha value, (b) is moderately correlated with other 

disability measures and lower correlated with instruments that measure other aspects of 
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health, (c) is able to distinguish between clinical different groups, and (d) show less of a 

ceiling effect compared to the often used SE index.

Methods

Subjects 

The study sample comprised 133 consecutive patients with newly diagnosed PD, 

recruited from the neurology outpatient clinics of six general hospitals in the Netherlands 

(Meander Medical Center Amersfoort, Medical Center Alkmaar, Academic Medical Center 

Amsterdam, St. Lucas-Andreas Hospital Amsterdam, Slotervaart Hospital Amsterdam, 

and OLVG Amsterdam) between July 2002 and March 2005. ALDS data from 132 

patients was available and used for analysis. The clinical diagnosis of PD was based on 

internationally accepted diagnostic criteria.(21) Patients were excluded if they were aged 

85 years or older, had insufficient proficiency in the Dutch language, or had a somatic 

illness and a life expectancy of less than a year. The patients in this study were participants 

in a longitudinal research project investigating the course of functional status and its 

determinants in PD. The data presented here were obtained at the baseline assessment. 

Written informed consent was obtained from all subjects after the nature of the study 

had been fully explained. The study was approved by the local ethics committees of the 

participating hospitals. 

Procedure

Neurological examination of all patients was performed to confirm the diagnosis of PD. 

Information about demographic characteristics, duration of the disease (time between 

the appearance of the first symptom of PD as reported by the patient and the moment 

of assessment), initial symptoms and side of onset of disease, medication and response 

to levodopa (L-dopa) therapy, was obtained with a semi-structured interview. As this was 

a cohort of newly diagnosed patients without on-off response fluctuation it was not 

necessary to perform a standardized ‘on’ - ‘off’ scoring.

The severity of extrapyramidal symptoms was rated using the motor examination part of 

the UPDRS (UPDRS-ME).(4) The stage of disease was determined with the Hoehn and 

Yahr staging scale (HY).(22) Functional status (disability and quality of life) was evaluated 

using the SE (9), the Medical Outcome Study 36-Item Short-Form General Health Survey 

(SF-36) (23), the Parkinson’s Disease Quality of Life Questionnaire (PDQL) (24), and the 

ALDS.
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Motor impairment assessment

The UPDRS consists of four components: 1) mentation, behavior and mood; 2) activities 

of daily living; 3) motor examination; 4) complications of therapy.(25) The UPDRS-ME 

quantifies type, number, and severity of extrapyramidal signs. For each sign a five-step 

severity gradation is used, with zero representing absence and four representing the 

maximum severity of that sign. The total number of items is 27 with total scores ranging 

from 0 to 108. The HY is the standard disease-staging index for PD and consists of five 

levels: 1) unilateral symptoms only; 2) bilateral symptoms, without balance impairment; 3) 

bilateral symptoms with definite impairment of postural reflexes; 4) severe disability, but 

still able to walk or stand unassisted; 5) wheelchair-bound or bedridden. 

Disability and quality of life

The SE was specifically designed for patients with PD and reflects the patient’s ability to 

perform daily activities in terms of speed and independence. ADL ability is measured on an 

11-point scale ranging from 0% (vegetative function) to 100% (complete independence). 

The SF-36 consists of eight health concepts: physical functioning (SF-36 PF), role-physical, 

bodily pain, general health, vitality, social functioning, role-emotional and mental health. 

The eight scales define two distinct components: the physical component score (SF-36 

PCS) (SF-36 PF, role limitations caused by physical problems, bodily pain, general health) 

and the mental component score (SF-36 MCS) (vitality, social functioning, role limitations 

caused by emotional problems and mental health). Each dimension is scored from 0 

to 100. A high score suggests good health. The PDQL consists of total score and four 

subsections: Parkinsonian symptoms (14 items), systemic symptoms (7 items), social 

function (7 items), and emotional function (PDQL EF) (9 items: score range 9-45). The 

items are scored on a five-point Likert scale (score range 37-185). Higher scores indicate 

a better quality of life. 

We consider the SE and the SF-36 PF as disability measures, the SF-36 PCS as a generic 

“perceived” functional status measure, and the SF-36 MCS and the PDQL EF as instruments 

focusing on the psychological aspects of quality of life. 

The AMC Linear Disability item bank

The ALDS item bank was developed to quantify functional status in terms of the ability 

to perform ADL using an IRT framework.(16) The items were obtained from a systematic 

review of generic and disease specific functional health instruments.(8) Both the item 

difficulty and the patient’s ability are arranged on a single hierarchical linear scale. The 

current version of the item bank consists of 77 items, ranging from relatively easy to 

difficult (Appendix 1 for further details).(19) Researchers can use their clinical judgment to 
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select items from the item bank that are applicable to the population they are investigating. 

This flexible approach results in a range of individual constructed scales specifically target 

to the patient’s ability level. Hence, these tailored scales may be quite different from even 

patient to patient, but all assess the construct of interest because the items are all selected 

from an item bank which has previously been calibrated.(13) Consequently, items which 

have a similar difficulty grade are interchangeable and can be used to assemble scales with 

items that may be of interest for different patient groups.  In this way the item bank can 

be used to assess patients with a wide range of conditions and levels of functional status, 

without putting undue strain on them. The methodology (16) (Appendix 2 for further 

details), the psychometrics of the ALDS in terms of (a) dealing with missing data (20), (b) 

differences between item measurement characteristics of the item bank in relation to age 

and sex (26), and (c) the metric properties of ALDS items in mixed types of patient groups 

(19), as well as the statistical power to detect given effect sizes in clinical trials using IRT 

outcome scales (27), have been examined in depth.

In this study, depending on his or her ability level, each patient was assessed with a 

number of the 77 items in the current version of the item bank (ranging from 7 to 

43 items per patient; 35 items on average in the present study) to estimate his or her 

functional status. Beforehand different item sets were composed by two of the authors 

(NW, RdH). If only limited information was available on the ability status of the patient 

a selection of items covering the whole range of the item bank was presented. Mildly 

disabled patients were presented with more difficult items because those were likely to 

provide more information. On the other hand, more easier items lower up the scale were 

presented to more disabled patients. Some patients were assessed with only 7 items 

because there were no remaining items that should have given additional information 

to the estimation of the patient’s disability level (patients at the ceiling or the floor of 

the distribution). The items were administered by trained nurses and had two response 

options: ‘I can carry out the activity’ and ‘I cannot carry out the activity’. Participants 

were asked to indicate whether they could perform the activities now in the same way 

that they would at home or in the location where they were residing. If an activity had 

never before been performed by a patient (e.g. “travel by local bus or tram”), or the 

patients’ response was “I do not know”, ‘not applicable’ was recorded. 

The original units of the ALDS scale are (logistic) regression coefficients, expressed in 

logits (Appendix 1). To make the results easier to interpret, the logit scores are linearly 

transformed (the interval level stays preserved) into values between 0 (dead) and 100. 

The value 1 represents the lowest level and the value 100 the highest level of functional 

status possible. (The complete item bank, psychometric properties of the individual items 

and scoring rules are available upon request.)
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Clinimetric evaluation

The clinimetric properties of the ALDS were studied in terms of internal consistency 

reliability, validity, and the presence of a ceiling effect. Internal consistency refers to 

the statistical coherence of the scale items. One measure of internal consistency is the 

Cronbach’s α coefficient (28), based on the (weighted) average correlation of items within 

a scale. Internal consistency is considered to be good if α ≥ 0.80.(29) We also calculated 

item-total correlations, which represent the correlation of a single item with the sum of all 

other items. Correlations ≥ 0.20 or more were considered to be sufficient.(30)

With regard to the validity of the ALDS we focused on both its construct validity and 

clinical validity (also known as known-groups validity). Construct validity was assessed by 

measuring the extent to which the ALDS correlates with measures (SE, SF-36 PF, SF-36 

PCS) that address the same concept and measures (HY, UPDRS-ME, SF-36 MCS, PDQL 

EF) that address conceptually different aspects of health. We assumed that in order for 

the ALDS to be valid, the ALDS scores had to show a decreasing pattern of associations, 

with higher correlations with the other disability-oriented scale scores, intermediate 

correlations with neurological impairments, and lower correlations with the psychological 

aspects of quality of life. A scale demonstrates clinical validity if it discriminates between 

groups of patients with known differences in clinical status, in this case disease severity 

based on the HY, severity of extrapyramidal symptoms based on the UPDRS-ME and the 

presence of postural instability (item 30). Absence of posture instability was defined as 

score 0 (Normal), a score ≥ 1 (1 = Retropulsion; 2 = Absence of postural response) was 

defined as postural instability. With regard to a ceiling effect, the percentage of patients 

that reached a maximum score on the SE and ALDS was presented. 

Statistical analysis 

Patient characteristics, outcome scores, and ceiling effects were analyzed using descriptive 

statistics. Scores on the ALDS instrument were calculated using previously published item 

properties (19) and algorithms implemented in BILOG-MG (31) and SPSS. ALDS items that 

a patient had not responded to or had answered ‘not applicable’ were treated as if they 

had not been offered to that patient.(20) Values of Cronbach’s α were obtained using 

an IRT method that allows for missing item responses (28,32) implemented in TESTFACT 

(31). Item-total correlations, as well as the associations between the ALDS scores and the 

other measures, were expressed in Pearson’s (r) or Spearman’s correlation coefficients 

(rs), when appropriate. 

Normality tests showed a normal distribution of the ALDS. Therefore, the data was 

analysed using parametric statistics. Differences between mean ALDS scores (with 95% 

confidence interval (CI)) were analyzed using an independent t-test or one-way ANOVA, 
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including post hoc Tukey HSD tests (significance level 0.05). The concerning effect size 

for ANOVA main effect result was expressed in Cohen’s f and for the independent t-test 

in Cohen’s d. The original ALDS logits were used in all analyses but for the sake of clarity 

only the linearly transformed ALDS scores (0-100) are presented.

Results

The study included 132 newly diagnosed PD patients, 74 (56%) of whom were men. 

The mean age of onset of symptoms was 65 (SD ± 10.4); the patients’ mean age at 

examination was 66.7 (SD ± 10.4 years). Mean disease duration at examination was 

19.9 (SD ± 11.2) months. Eighty-four (64%) patients were taking L-dopa. Further clinical 

characteristics of the sample are shown in Table 1. 

The internal consistency reliability of the ALDS was good (Cronbach’s α = 0.95). Of the 

77 items, 55 items showed item-total correlations with values ranging from r = 0.20 

to r = 0.68, all exceeding the ≥ 0.20 standard. Sixteen items had no score variation; 

consequently, no correlations could be calculated, (e.g. ‘take off a T-shirt’), whereas five 

items showed item-total correlations < 0.20 (range -0.03 – 0.19). 

Table 2 presents the descriptive statistics of the instruments and the correlation 

coefficients between the ALDS and the other scales. The highest associations occurred 

between the ALDS and other disability measures: SE (rs = 0.50), SF-36 PF (r = 0.63) and 

SF-36 PCS (r = 0.55). Additionally, the ALDS showed a decreasing pattern of associations 

between the scales measuring neurological impairments (HY; r = -0.36, UPDRS-ME; r = - 

0.37) and mental health (SF-36 MCS; r = -0.01, PDQL EF; r = 0.23). 

With regard to the clinical (known-group) validity (Table 3), ALDS scores registered an 

association between the severity of PD as determined by HY classification and impaired 

disability status (one-way ANOVA; F = 12.06, p < 0.0001; Cohen’s f = 0.60). Patients with 

HY stage 3 had lower ALDS scores compared to HY stage 2 (Tukey HSD; p < 0.0001) 

and HY stage 1 (Tukey HSD; p < 0.0001). However, the ALDS scores were not different 

between HY stage 1 and stage 2 (Tukey HSD; p = 0.36). The score distributions of the 

ALDS reflect that patients with more severe extrapyramidal symptoms (UPDRS-ME ≥ 

15.5) were more disabled (independent t-test; t = 3.53, p = 0.001; Cohen’s d = 0.62) 

than patients with less severe extrapyramidal symptoms (UPDSR-ME < 15.5). Additionally, 

the ALDS showed an association between postural (in)stability and disability level 

(independent t-test; t = 4.30, p < 0.0001; Cohen’s d = 0.65).

Six patients (5%) had a maximum ALDS score; the percentage of patients scoring at the 

ceiling of the SE (score = 100%) was substantially higher (19%). Figure 1 presents the 

measurement range of the ALDS items in case of a maximum SE (100% score). These less 
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disabled patients could still be differentiated with 7 ALDS items, ranging from walking in 

the woods to heavy household tasks. 

Table 1. Clinical characteristics of the 132 newly diagnosed Parkinson’s disease patients.

Clinical variables Total (n = 132)

Gender (men) (%) 74 (56%)

Age at onset of symptoms 65 (10.4; 30.9-83.5)

(mean yrs (SD, range))

Age at Diagnosis of PD 66.3 (10.4; 32-84.6)

(mean yrs (SD, range))

Age at examination 66.7 (10.4; 32.4-84.9)

(mean yrs (SD, range))

Duration of symptoms at examination 19.9 (11.2; 4.7-83.9)

(mean months (SD, range))

Symptoms at start of the disease (%)

Tremor 60 (45%)

Bradykinesia/Rigidity 61 (46%)

Tremor/Bradykinesia/Rigidity 11 (8%)

Side of symptom onset a 

Unilateral (R+L) 98 (48+50)

Two sides asymmetric 13

Two sides symmetric 19

Receiving dopaminergic therapy (%) 84 (64%)

LED when receiving dopaminergic therapy (mean (SD, range)) 152 (148; 0-600)

Sum score UPDRS-ME 17.5 (8.2; 5-40)

(mean (SD, range))

HY-score (%) 

1 47 (36%)

1.5 7 (5%)

2 40 (30%)

2.5 22 (17%)

3 16 (12%)

4 0

5 0

YRS = years; SD = standard deviation; LED = Levodopa equivalent dose; UPDRS-ME = Unified Parkinson’s 
Disease Rating Scale motor examination; HY = Hoehn and Yahr; PD = Parkinson’s disease. a Side of 
symptom onset is missing for two patients.
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Discussion

In this study we expanded the psychometric evaluations of the ALDS (8,16,17,19,20,26, 

27) to patients with early PD. We showed the ALDS has promising clinimetric properties 

in terms of internal consistency reliability, construct and clinical validity, and absence of 

ceiling effects.

The internal consistency of the ALDS was high (Cronbach’s alpha = 0.95). Though 

Cronbach’s alpha is a well-established measure of internal consistency, it is dependent 

also on the number of items in the scale. In this study 35 items were assessed at average. 

Table 2. Descriptives statistics of the instruments and correlations between the ALDS and other Parkinson’s 
Disease measures. 

SE 
(n=132)

90 (60 – 100)

SF-36 PF 
(n=130)

66.1 (± 24.1)

SF-36 PCS 
(n=122)

43.7(± 10.1)

HY 
(n=132)
2 (1-3)

UPDRS-ME 
(n=132)

17.5 (± 8.2)

SF-36 MCS 
(n=122)

44.5 (± 12)

PDQL EF 
(n=123)

35.9 (± 5.9)

ALDS 0.50 0.63 0.55 -0.36 a -0.37 a -0.01 b 0.23 

82.7 (± 8.67)

Score values are mean (± SD), except for the SE and the HY, which are presented in median and range; 
correlation values are Pearson’s correlation coefficient and calculated with the ALDS logits, with the 
exception of the association between the SE and the HY, which are expressed in Spearman’s correlation 
coefficient. aSince higher HY and UPDRS-ME scores indicate more neurological deficits, signs of the 
coefficients are the opposite of those of other scales. bAll correlation coefficients are significant at the 
0.01 level, except for the correlation with SF36 MCS (p = 0.94).

Table 3. Score distributions of the ALDS between groups of patients with known differences in clinical 
status: clinical validity.

n ALDS p -value Effect size

HY 

Stage 1 (mild) 54 84.6 (± 6.2; 83.0 – 86.3)
< 0.0001 0.60

Stage 2 (moderate) 62 83.1 (± 9.5; 80.7 – 85.4)

Stage 3 (severe) 16 75.2 (± 8.9; 70.5 – 79.6)

UPDRS-ME a

< 15.5 66 84.8 (± 8.2; 82.8 - 86.7)
0.001 0.62

≥ 15.5 66 80.7 (± 8.7; 78.6 - 82.8)

Posture (item 30) b

Score 0 92 84.6 (± 5.2; 83.6 – 85.7)
< 0.0001 0.65

Score ≥ 1 40 78.3 (± 12.6; 74.9 – 81.6)

Score distributions are presented in mean (± SD; 95% CI); differences in mean logit scores are calculated 
using One-Way ANOVA (HY), and an independent t-test (UPDRS-ME, posture item 30). Effect size for 
ANOVA was expressed in Cohen’s f, for the independent t-test in Cohen’s d. aUPDRS-ME was dichotomized 
on base of the median value of the scores. bScore range of item 30 was 0 – 2; 0 = Normal; 1 = Retropulsion; 
2 = Absence of postural response.
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Therefore, the high alpha must be interpreted with certain caution. Nevertheless, 70% 

of the ALDS items exceeded the item-total correlation standard of 0.20 reflecting good 

internal consistency as well. Six percent of the items were below the required level. No 

item-total correlations could be calculated in 20% of the items. These were 16 items 

mainly at the lower end of the scale. All patients were able to perform those items and 

indicate the high ability level of the PD patients studied. This does not mean that they 

should be omitted from the ALDS. First, these items have psychometric qualities (19), and 

second, an assessment of those items could provide useful clinical information in more 

disabled PD patients. However, we advise not to apply those items in a newly diagnosed 

PD patient group. 

The correlations between the ALDS on the one hand and the SE and physical aspects of the 

SF-36 on the other indicate that these scales largely focus on the same construct, which 

is disability. The decreasing correlation between the ALDS and measures of neurological 

disturbances and psychological well-being demonstrates the ALDS is less focused on 

conceptually different aspects of health in terms of impairments or quality of life. 

Figure 1. Measurement range of ALDS items in patients with an maximum SE score 100% (n=25).
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Our findings that the ALDS scores differentiate between moderate and severe patients 

as well as more or less extrapyramidal symptoms indicate that the ALDS is sufficiently 

sensitive to distinguish different patient groups. However, between mild and moderate 

patients, we did not find differences in ALDS scores. This can be due to the reason 

that impairments in early PD (HY stage 1 and 2) leads to no or subtle differences in 

disability. Moreover, patients with postural instability showed significantly lower ALDS 

scores compared to patients without postural instability.

By administering the ALDS only those items relevant to a person’ disability status is used, 

thereby reducing patient burden in time and effort. The ALDS will form a good foundation 

for a computerized adaptive testing (CAT) procedure, allowing for shorter questionnaires 

where the difficulty level is automatically adapted per question depending on the individual 

patient’s ability to perform the questioned activity.(33) Obviously, this is an initial study on 

the use of the ALDS in PD which provides the basis for further testing.

A limitation of our study is that we did not compare the ALDS with the currently most 

widely used UPDRS Activities of Daily Living (UPDRS-ADL) score.(34) The patients in this 

study were participants in a longitudinal research project investigating the course of 

functional status and its determinants in PD. Unfortunately; this study did not include the 

evaluation of functional status by this scale. 

In our inception cohort of newly diagnosed patients severe disease stages (HY 4 and 5) 

have not been represented. We showed in our study that the ALDS, compared to the 

SE, had a smaller amount of ceiling effect. For example, patients with an SE score of 

100% can still be differentiated by ALDS items. However, potential floor effects should 

be investigated in future research.

Investigating the clinimetric properties of a scale is an ongoing process. The present 

study is a first step in the validation process of the ALDS in PD patients. Further studies 

are needed to investigate whether the ALDS provides consistent scores over time and 

between observers (test-retest, inter/intra-rater reliability), to compare the ALDS with the 

UPDRS-ADL, to follow patients who reflect the whole severity spectrum of the disease, 

and to examine the responsiveness of the ALDS to measure changes in disability over 

time. Although, good responsiveness is likely due to the scale’ linearity, its absence of 

ceiling effects, and its flexibility to choose between a wide range of patient tailored 

items.

The ALDS is a new, generic, non-disease-specific scale consisting of 77 ADL items. Our 

data shows that the ALDS has good internal consistency reliability, did not demonstrate 

a ceiling effect and indicate good construct and clinical validity in patients with newly 

diagnosed PD. Currently, we are extending the psychometric properties of the item bank 

to a variety of other neurological diseases and by calibrating more items especially at the 

floor and the ceiling of the item bank. 
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Appendix 1. The 77 ALDS items and their measurement properties. 

Item nr.

Item content

PT NA

‘can 
carry 
out’

Item difficulty 
value (logits)Are you able to…..

1 … ride a bike for at least 2 hours? 75 4 25 -3.05

2 … vacuum a flight of stairs? 77 2 57 -2.65

3 … carry a bag of shopping upstairs? 54 0 41 -2.14

4 … clean a bathroom? 86 1 67 -1.96

5 … vacuum a room and move light furniture? 64 0 49 -1.88

6 … fetch groceries for 3-4 days? 77 0 58 -1.63

7 … go for a walk in the woods? 75 0 56 -1.50

8 … travel by local bus or tram? 69 1 60 -1.23

9 … walk for more than 15 minutes? 69 0 57 -0.82

10 … carry a tray? 67 0 59 -0.80

11 … walk up a hill or high bridge? 62 2 57 -0.78

12 … to go shopping for clothes? 57 0 54 -0.72

13 … cut your toe nails? 53 0 35 -0.66

14 … fill in a official form? 60 0 44 -0.61

15 … go to a party? 62 0 53 -0.56

16 … stand for 10 minutes? 64 0 57 -0.53

17 … go to a restaurant? 69 1 57 -0.48

18 … sweep the floor? 48 0 45 -0.45

19 … hang out and take in a load of washing? 71 0 66 -0.44

20 … vacuum without moving any furniture? 0 0 0 -0.35

21 … move a bed or table? 56 0 44 -0.30

22 … use a washing machine? 60 0 54 -0.23

23 … reach into a high cupboard? 62 0 60 -0.23

24 … walk up a flight of stairs? 62 0 61 -0.19

25 … go to the bank or post office? 62 0 59 -0.13

26 … walk down a flight of stairs? 46 0 45 -0.02

27 … go to the general practitioner? 60 0 58 0.02

28 … use a dustpan and brush? 46 0 41 0.08

29 … go for a short walk (15 min)? 55 0 53 0.07

30 … write a letter? 76 0 61 0.18

31 … change the sheets on a bed? 57 0 45 0.21

32 … cross the road? 55 0 53 0.22

33 … open and close a window? 60 0 56 0.24

34 … fetch a few things from the shop? 53 0 51 0.29

35 … polish shoes? 55 0 53 0.34

36 … have a shower and wash your hair? 69 0 68 0.66

37 … fold up the washing? 69 0 65 0.70

38 … dust? 46 0 45 0.70

39 … put on and take of lace-up shoes? 60 1 56 0.76

40 … clean a toilet? 46 0 45 0.78

41 … make a bed? 60 0 56 0.84

42 … cut your finger nails? 53 0 52 0.90
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Item nr.

Item content

PT NA

‘can 
carry 
out’

Item difficulty 
value (logits)Are you able to…..

43 … reach under a table? 69 0 64 0.91

44 … heat tinned food? 76 0 74 0.92

45 … make egg or beans on toast? 60 0 58 1.02

46 … reach into a low cupboard? 55 0 53 1.09

47 … move between two low chairs? 46 0 44 1.14

48 … pick something up from the floor? 48 0 48 1.15

49 … clean a bathroom sink? 60 0 57 1.18

50 … put the washing up away? 60 0 57 1.26

51 … read a newspaper? 60 0 60 1.28

52 … get in and out of a car? 67 0 67 1.34

53 … make porridge? 69 0 67 1.37

54 … clear the table after a meal? 55 0 54 1.47

55 … peel and core an apple? 67 0 66 1.49

56 … prepare breakfast or lunch? 46 0 46 1.52

57 … clean the kitchen surfaces? 55 0 53 1.76

58 … put a chair up to the table? 62 0 61 1.77

59 … eat a meal at the table? 76 0 75 1.79

60 … wash up? 69 1 65 1.86

61 … put on/take off socks and slip on shoes? 67 0 67 1.93

62 … sit up (from lying) in bed? 46 0 45 1.95

63 … get a book off the shelf? 55 0 55 2.11

64 … answer the telephone? 60 0 60 2.15

65 … hang clothes up in a cupboard? 46 0 46 2.19

66 … make coffee or tea? 69 0 68 2.35

67 … put long trousers on? 69 1 66 2.38

68 … make a bowl of cereal? 60 0 60 2.28

69 … sit on the edge of a bed from lying down? 46 0 46 2.67

70 … move between two dining chairs? 60 0 60 2.72

71 … wash and dry your lower body? 60 0 58 2.78

72 … put on and take of a coat? 55 0 55 2.86

73 … wash and dry your face and hands? 46 0 46 2.97

74 … get out of bed into a chair? 53 0 53 2.99

75 … go to the toilet? 76 0 76 3.08

76 … wash your lower body (taken to sink)? 69 0 68 3.24

77 … put on and take off a T-shirt? 46 0 46 3.49

PT = number of patients presented with the item
NA = number of patients responding in the category ‘not applicable’

Appendix 1. (Continued)
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Appendix 2. Methodology.

The ALDS item bank was constructed using the two-parameter logistic item response 

theory model [A]. In this model, the probability, Pik(θk), that patient k responds to item i 

in the category ‘can carry out’ is

where θk represents the functional status of patient k. In addition, αi denotes the 

discrimination value and βi the difficulty value for item i. In this paper, the values of αi 

and βi are assumed to be equal to the previously published values for a mixed patient 

population [B].

Differential item functioning of the items was examined using the one parameter logistic 

item response theory model [C] by means of investigating if the item difficulty value (βi) 

was similar for male and female and for younger and older patients. The cutoff point 

between younger and older patients was the median age. Items were excluded from 

further analysis if the value was more than half of the value of the standard deviance of 

the underlying distribution of ability values (θ). 

Dimensionality of the item bank was examined using item response theory based full 

information factor analysis [D]. An exploratory factor analysis was carried out on different 

item sets used. To examine the population as a whole, a confirmatory factor analysis was 

carried out using data from all respondents. In addition, Cronbach’s alpha coefficient 

was calculated for each item set and for all of the data.

The statistical analysis has been described in more detail in a previous paper [B].
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Introduction

The most widely used scale to assess disability in patients with Parkinson disease (PD) is 

the Activities of Daily Living part of the Unified Parkinson’s Disease Rating Scale (UPDRS-

ADL). In a recent study we examined the clinimetric properties of the AMC Linear Disability 

Score (ALDS), a new generic disability measure based on Item Response Theory (IRT), 

in newly diagnosed Parkinson’s disease (PD) patients.(1) Unfortunately, no comparison 

with the “gold standard” UPDRS-ADL was made. Although, measures constructed using 

modern psychometric methods, such as IRT, are superior to traditional sum score based 

measures, it is important to demonstrate this advantage and its implications in practice. 

Therefore, we now examined construct and know-group validity for both scales.

Methods

The study sample was recently described in depth.(1) In short, the sample comprised 

70 patients with newly diagnosed PD who were participants in a longitudinal research 

project investigating the course of functional status and its determinants in PD. The 

clinical diagnosis of PD was based on internationally accepted diagnostic criteria.(2) The 

data presented here were obtained at three year follow-up. 

Subsequently to the disability status assessed by the UPDRS-ADL (range 0-52, lower scores 

indicating less disability) and ALDS (range 0-100, lower scores indicating more disability), 

the severity of extrapyramidal symptoms was rated using the motor examination part 

of the UPDRS (UPDRS-ME).(3) Disease stage was determined with the Hoehn and Yahr 

staging scale (HY; range 1-5).(4)

Results

Thirty eight (54%) patients were male, mean age of onset of symptoms was 65 (SD ± 

10.5 years) and the patients’ mean age at examination was 69 (SD ± 10.5 years). Mean 

disease duration at examination was 56 (SD ± 10.3) months. The disease started with 

bradykinesia or rigidity symptoms in 35 (50%) of the patients, with tremor in 27 (39%) 

patients and in 8 (11%) patients with all three symptoms. The total sample mean UPDRS-

ME score was 25.1 (SD ± 10), mean UPDRS-ADL score 10.8 (SD ± 6.9) and mean ALDS 

score was 75.2 (SD ± 19.9).

The UPDRS-ADL and ALDS showed a moderate correlation (r = 0.63). With regard to 

known-group validity (Table 1), UPDRS-ADL and ALDS scores registered an association 

between the severity of PD as determined by HY classification and impaired disability 
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status. Both disability scores were not different between HY stage 1 and stage 2 (Tukey 

HSD; UPDRS-ADL, p = 0.14; ALDS, p = 0.84). Patients with HY stage 3 had lower ALDS 

scores compared to HY stage 2 (Tukey HSD; p < 0.0001). However, UPDRS-ADL score 

were not significantly different (Tukey HSD; p = 0.59). Score distributions of the UPDRS-

ADL and ALDS reflect that patients with more severe extrapyramidal symptoms were 

more disabled than patients with less severe extrapyramidal symptoms. Additionally, 

both scales showed an association between postural (in) stability and disability level.

Discussion

Recently we showed the ALDS has promising clinimetric properties in terms of internal 

consistency reliability, construct and clinical validity, and absence of ceiling effects. Now 

we expanded these clinimetric evaluations to a comparison with the most often used 

UPDRS-ADL.

The association between both disability scales was moderate, indicating they both 

measure the same concept to some extent. However, the authors expected a somewhat 

higher correlation because both scale intend to measure ADL. This could be explained 

by the allocation of items to specific sections of the UPDRS, which is not consistent, 

leading to ambiguity of interpretation. Some items of the UPDRS-ADL are directly related 

Table 1. Score distributions of the ALDS between groups of patients with known differences in clinical 
status.

n ALDS p-value UPDRS-ADL p-value

HY 

Stage 1 3 89 (± 0.5) <0.001 2 (± 2.6) <0.001

Stage 2 32 85.6 (± 6.1) 8.4 (± 5.3)

Stage 3 17 69 (± 19) 10.2 (± 4.5)

Stage 4 6 41.2 (± 19.2) 19.2 (± 3.7)

Stage 5 1 12 36

UPDRS-ME a

< 25.1 30 84.7 (± 6.6) <0.001 7 (± 4.2) <0.001

≥ 25.1 31 70.1 (± 20.6) 12.8 (± 6.4)

Posture (item 30) b

Score 0 18 87.5 (± 3.1) <0.001 5.9 (± 4.2) 0.001

Score ≥ 1 46 70.7 (± 22.1) 12.3 (± 6.9)

Score distributions are presented in mean (± SD); differences in mean logit scores are calculated using one-
way ANOVA (H&Y) and an independent t-test (UPDRS-ME, posture item 30). aUPDRS-ME was dichotomized 
on base of the mean value of the scores.bScore range of item 30 was 0 – 4; 0 = Normal; 1 = Retropulsion; 2 = 
Absence of postural response; 3 = Very unstable; 4 = Unable to stand without assistance. 
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to daily activities (e.g. dressing, eating), but some also examine patient perceptions of 

primary disease manifestations (e.g. tremor, salivation) or gait items that assess primary 

parkinsonian symptoms (freezing, falls).(5)

When validating this instrument in a PD population we were well aware that a new 

instrument would only be interesting if it was able to rise above the qualities of the “gold 

standard” UPDRS-ADL. Probably due to its linearity, the ALDS was able to discriminate 

between HY stage 2 and stage 3 in contrast to the UPDRS-ADL. 

The ALDS is a new, generic, non-disease-specific item bank consisting of 77 ADL items. 

By administering the ALDS, only those items relevant to a person’ disability status are 

used, thereby reducing patient burden in time and effort. Combined with attractive new 

and relevant features, for example improving the clinical interpretation of scores and the 

possibility to use computer adaptive testing, the ALDS is a promising new instrument to 

assess the level of disability in patients with PD. 
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Abstract

Objective

The purpose of this systematic review is to summarize studies that describe the course of 

Parkinson’s disease (PD) and to identify factors that predict change in motor impairment, 

disability, and quality of life.

Methods

A literature search was conducted in MEDLINE, EMBASE, CINAHL, and Web of Science 

limited to the English, French, German, Spanish and Dutch language. Reports were 

selected if the study involved subjects with PD, the outcome measures described 

impairment, disability or quality of life and follow-up was at least six months. All included 

studies were scored for methodological quality. Data were extracted and summarized in 

a best evidence synthesis.

Results

We screened 1535 titles and abstracts, out of which 27 fulfilled our inclusion criteria. A 

meta-analysis to quantitatively aggregate progression scores of motor impairment and 

disability was not possible due to the wide variety of outcome measures used and the 

heterogeneous study populations. Limited evidence is found for lower UPDRS-ME at 

baseline, dementia and SE<70% as prognostic factors for future motor impairment. There 

is strong evidence for higher age at onset and higher PIGD-score; and limited evidence for 

higher bradykinesia-score, non-tremor dominant subtype, symmetrical disease at baseline 

and depression as prognostic factors for progression of disability.

Conclusion

Prognostic factors were identified for impairment and disability. The literature on 

prognosis in PD is not fulfilling the high methodological standards applied nowadays. 

There is a need for prospective cohorts of PD patients assembled at a common early 

point in the disease with long time follow-up.
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Introduction

Parkinson’s disease (PD) was first described in 1817 by James Parkinson and is one of 

the oldest known and second most common neurodegenerative disease. The prevalence 

of PD in industrialised countries is 0.3% in the general population and about 1% in 

the population older than age 60 years.(1) PD is a progressive disease characterized by 

bradykinesia, rigidity, tremor, and postural instability.(2) Nowadays more emphasis is 

put on non-motor features like neuropsychiatric symptoms, sleep disorders, autonomic 

symptoms, and sensory symptoms.(3) Both motor and non-motor symptoms have a major 

impact on activities of daily living and quality of life.(4)

Describing functional status and its determinants is important for several reasons; 1) to 

guide clinical decision making, especially treatment selection and patient counselling; 

2) to improve the understanding of the disease process; and 3) to improve the design 

and analysis of clinical trials (e.g. risk stratification on the basis of important prognostic 

factors).(5)

Over the last forty years several studies specifically addressed progression of parkinsonian 

signs (2,6,7) and functional decline.(8) Furthermore, data of clinical trials gave an 

impression of disease progression, but these were selected populations of mostly young 

patients without co-morbidity.(9) Marras conducted the first systematic review to identify 

predictors of motor decline and disability in patients with PD.(10) Recently practice 

parameters of the American Academy of Neurology (AAN) were published reviewing 

the prognostic factors for motor progression, dementia, and mortality.(11) These studies 

showed that early cognitive impairment and baseline severity of motor symptoms are 

predictors of future motor impairment and disability. Additionally, older age at onset and 

lack of rest tremor at onset also predict future disability. However the systematic review 

conducted by Marras only used the MEDLINE database and selected English and French 

literature. The AAN only reviewed English literature written after 1990.

The aim of this systematic review is to describe the progression of PD and to identify 

factors that predict motor impairment, disability and quality of life using best evidence 

synthesis.(12) For this purpose we performed a literature search in several computerised 

databases, selected relevant articles on the basis of pre-specified inclusion criteria, 

assessed their methodological quality, and extracted the data of the progression of PD 

and it’s prognostic factors.

Methods

We report according to a consensus statement for the meta-analysis of observational 

studies in epidemiology.(13)
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Data source and search

A literature search was conducted in the following databases: Medline (1966-November 

2004), Embase (1980-November 2004), Cinahl (1982- November 2004), Web of science 

(1988-November 2004). According to recommendations of Altman (5) and McKibbon 

(14) the following key words were selected: Parkinson’s disease, incidence, follow-up 

studies, prognosis, prediction, course, disability, and quality of life. The searches were 

limited to human studies and the English, French, German, Spanish and Dutch language.

Study selection

The selection procedure was performed in two stages by two independent reviewers (BP 

and JDS). At first the selection was based upon the title and the abstract, as obtained 

by the search, considering the inclusion / exclusion criteria. The inclusion criteria were: 1) 

the study population consists of people with a diagnosis of PD; 2) one or more outcome 

measures that evaluate motor impairment (Unified Parkinson’s Disease Rating Scale 

(UPDRS)), disabilities (Schwab & England activities of daily living scale (SE), Hoehn and 

Yahr staging scale (HY)) or quality of life; and 3) the study has to address changes in the 

level of functioning over time, i.e. a period longer than 6 months. Randomized clinical 

trials, when reporting on efficacy, were excluded. Only full length articles or full written 

reports were considered for inclusion; whether or not they were published. The results 

of this abstract selection were discussed; in case of disagreement the final decision on 

inclusion was based on the full length article. Secondly, the full length articles of all 

selected abstracts were retrieved and assessed according to the same inclusion and 

exclusion criteria as described above. In case of disagreement between the two reviewers 

a third independent reviewer (MM) was consulted who made the decision.

The reference lists of the finally selected articles were searched for relevant articles. 

Furthermore experts were contacted for relevant articles concerning natural history and 

prognosis of PD.

Data extraction and methodological quality

Study methods and results were extracted by one of the authors (BP). Data were extracted 

on study design, setting and study population, mean disease duration at baseline, length 

of follow-up, loss to follow-up, outcome measures, results and prognostic factors. We 

described the results of each outcome measure as well as the concerning statistics if 

reported by the authors. Furthermore we listed all factors analyzed (univariate and 

multivariate) by the authors as potential prognostic factors of impairment, disability or 

quality of life.
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Two reviewers (BP and MM) independently assessed the methodological quality of all the 

definitive selected publications, using a predefined standardised set of 14 criteria. The 

criteria were divided into six categories (study population, study size, follow-up, outcome 

measures, prognostic factors, and analysis and data presentation) and included items 

for both internal and external validity. Each criterion was rated as positive, negative or 

inconclusive. Inconclusive was assigned if a criterion was incompletely specified. When no 

information was present a negative score was given. We discussed conflicting scores until 

consensus was reached. A more detailed explanation of the criteria is given in Appendix 1.

The criteria for methodological quality were based upon general recommendations 

for studying prognosis (5,15,16) and methodological quality instruments developed by 

Borghouts (17) and Kwakkel.(18) The criteria were adapted and modified for the purpose 

of this review. A total score was obtained by summing up the number of criteria rated 

as positive (one point; range 0-14). All items were assumed to be of equal importance 

and were not weighted. A study was arbitrarily rated as high quality if a score of nine or 

higher was obtained.

Results

Search and study selection

Figure 1 shows the results of the search and study selection. We screened 1535 titles and 

abstracts, out of which 124 full length articles were selected for further review (complete 

reference list available on request). Of these 21 articles fulfilled the inclusion criteria. 

(2,6,8,9,19-35) The other 103 articles were excluded: 25 studies investigated population 

with parkinsonism and not PD, 32 had a follow-up of less the six months, 35 articles did 

not report one of the pre-specified outcome measures (mortality 18; dementia/cognitive 

decline 10; rest 7) and 11 articles were excluded for other reasons (trial 2; review 2; rest 

7). Checking the reference list and consulting experts resulted in another six articles 

which fulfilled our inclusion criteria.(7,36-40) Altogether 27 articles were obtained 

that described the progression of PD and identified prognostic factors for the outcome 

measures impairment, disability and quality of life.(2,6-9,19-40)

Study characteristics

Table 1 (page 82) summarizes the methodological characteristics of all included studies. 

All studies were cohort studies of which nine studies were prospective (7,9,19,20;30-

32,34,36), eight studies retrospective (2,6,21,23,28,29,38,40) and the other 10 a 

combination of prospective and retrospective.(8,22,24-27,33,35,37,39) Almost all studies 

were hospital based, only two studies recruited patients from the general population (7,32) 
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and one recruited patients in a nursing home.(9) The mean follow-up ranged from 12 to 

144 months. In several studies there was a wide variability in follow-up period for each 

individual patient. The mean disease duration at baseline ranged from 23.5 months (19) to 

Figure 1. Search and study selection.

Literature search was conducted in 
the following databases: Medline 
(1966-2004), Embase (1980-2004),  
Excerpta medica (1980-2004), 
Cinahl (1982-2004), Web of science 
(1988-2004) 
1535  titles and abstracts  

The selection procedure was 
performed by two independent 
reviewers. At first the selection 
was based upon the title and the 
abstract, as obtained by the 
search, considering pre-specified 
inclusion / exclusion criteria.  
Selection of 124 full length articles  

21 articles included  

Exclusion reasons (prespecified)  

Study population not PD    25 
 
Follow -up < 6 months    32 
 
Outcome measure not prespecified   35 

Mortality    18 
Dementia/Cognitive decline   10 
Rest     7 

 
Other      11 

Trial     2 
Review     2 
How to measure mortality   1 
Measuring placebo effect   1 
Not full length article   2 
Outcome not well described  3 

 

TOTAL                 103 

Total selection of 27 articles describing 34 outcome measures 
(one article can describe more then one outcome measure)  
 
Outcome measures:  
Impairment   8 (6 times in high quality article)  (8 articles)  
Disability   24  (8 times in high quality  article)  (22 articles)  
Quality of life   2 (2 times in high quality  article)  (2 articles)  
 

 

6 extra added after screening  
references and consulting experts   
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9.7 years.(36) Out of 27 studies, eight focussed on impairment, 22 on disability, and two 

on quality of life (more then one outcome measure possible in one study) (Figure 1).

Methodological quality

Table 1 (page 82) displays the methodological quality. The overall interrater agreement 

of the methodological quality assessment was good (overall agreement 81%; ICC 0.77). 

There was disagreement on 69 items all of which were resolved after discussion. Mean 

methodological quality was 7.9 (SD 2.8) with a range of 2 to 13. Eleven out of 27 (41%) 

were considered to be high quality articles when applying the cut-off score of 9 or higher.

(6-8,19,28,30-32,34-36) Of these 11 high studies six described impairment, eight disability 

and two quality of life (more then one outcome measure possible in each study).

Reporting outcome measures and prognostic factors

Due to heterogeneity on study characteristics and methodological quality only a qualitative 

synthesis (best-evidence synthesis) (12) of the available evidence was possible. Hence only 

the high quality studies were described in depth for each outcome measure. Regarding 

prognostic factors we described the levels of evidence for each prognostic factor using 

an ordinal scale previously used in another systematic review.(41) The levels of evidence 

ranged from strong evidence to no evidence (Appendix 2). 

Motor impairment: course and prognostic factors 

Detailed information on the eight articles that focused on motor impairment is given in 

Table 2A (page 88). Six articles were classified as high quality studies. Three of these 

(6,7,35) reported on the course of motor impairment using the UPDRS-ME. The prognostic 

factors of motor impairment were described in four high quality studies (6,7,19,30); two 

studies used the modified Columbia score and the other two used the UPDRS-ME as 

outcome measure.

Louis reported an annual rate of increase of the UPDRS-ME of 1.5%.(7) When looking 

at subscores (tremor/bradykinesia/rigidity/gait and balance) of the UPDRS-ME only the 

tremor score showed no significant progression during the follow-up period. Ruiz (35) 

described a cohort of newly diagnosed patients with a mean baseline UPDRS-ME score 

(without treatment) of 17.7. After five years of treatment the UPDRS-ME score was for 

the first time higher (score 18.8) then the untreated baseline score. The third study (6) 

described two groups of PD patients one with HY II and one with HY III. A significant 

change in the total UPDRS-ME score from 38.1 to 41.7 in the HY III group was reported. 

Both groups in this study revealed a significant decline in the bradykinesia sub-score as 

opposed to tremor and rigidity sub-scores.
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Regarding prognostic factors conflicting results were reported. The Sydney multi-centre 

study identified age at onset and older age at entry into the study as the significant 

prognostic factors in multivariate analysis.(19,30) Louis (7) could not confirm both 

prognostic factors for progression of motor impairment but identified the following 

baseline factors predictive of higher UPDRS-ME score at each annual visit; dementia, SE 

<70% and long disease duration (>6.8 years). Goetz (6) showed that baseline disease 

duration did not affect the rate of progression of motor impairment. Furthermore, this 

study described a higher rate of progression in patients with lower initial UPDRS-ME 

scores.

Disability: course and prognostic factors

The majority of the 27 selected articles (n=22) focused on disability (Table 2B, page 

90). In total seven articles (32%) were rated as high quality studies, which described 

eight outcome measures concerning disability. The course of progression of disability 

was described in four of these articles (8,19,35,36) and all but one described prognostic 

factors for progression of disability in PD.(8,28,30,31,35,36)

Starkstein (36) described progression on the HY staging scale from 3.2 at baseline to 3.9 

after one year in the major depression group. In this study the Northwestern disability 

scale showed an increase from 16.0 to 18.7 in the major depression group during a 

twelve month follow-up period. The Sydney multi-centre study group (19) studied a 

cohort of 126 patients of which 83 at baseline were HY stage I or II and 43 HY stage III, 

the median time of progression in the HY I or II group was 3.5 years to HY stage III, seven 

years to HY stage IV and six years to HY stage V. In the group with HY III at baseline the 

median time of progression of was 4.5 years to HY IV and 6.5 years to HY V. The group 

with HY stage I or II had a mortality-rate at 10 years of follow-up of 34.9%, in the group 

with HY stage III this was 48.8%. Jankovic (8) showed an annual rate of decline in the 

total UPDRS sum score of 1.3 point in the ON-state and 1.6 in the OFF-state. Similar to 

motor impairment Ruiz (35) reported that the UPDRS-ADL and total UPDRS sum score 

after five years is for the first time worse then at the untreated baseline score.

Regarding prognostic factors Starkstein (36) showed that major depression, as opposed 

to minor or no depression, is associated with greater progression on the HY staging scale 

and the Northwestern disability scale. In the cohort of early PD patients of the Sydney 

multi centre study a higher age at onset and symmetrical disease at onset were predictors 

for faster progression to the onset of balance disorders.(30) In the DATATOP cohort (31) 

a higher postural instability/gait difficulty (=PIGD)-score, a higher bradykinesia score and 

female sex appeared to be associated with shorter time to disability necessitating L-dopa 

therapy. Especially for patients with less than 2 years disease duration a high PIGD-
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score was particularly troublesome. Non-tremor dominant subtype at onset appeared a 

prognostic factor for more rapid progression to HY III in another study.(28) Jankovic (8) 

showed that men, patients with PIGD-subtype (as opposed to tremor subtype) and older 

age at onset (>57 years as opposed to <57 years) had a more rapid progression of PD as 

expressed with the UPDRS sum score. 

Quality of life; course and prognostic factors

Only two articles reported on quality of life (Table 2C, page 94). Both (32,34) were 

classified as high quality studies, although the Notthingham health profile is not a 

validated measure for measuring quality of life in PD. One study (32) observed a decline in 

quality of life during four years of follow-up when measured with the Notthingham Health 

Profile (higher score is lower quality of life; proportion with more than 30% increase in 

score = 58.6%). The other study (34) reported no significant change in quality of life 

between 0-4 years of follow-up in a cohort with early PD as measured with EuroQol. No 

prognostic factors were identified in both studies.

Levels of evidence of the identified prognostic factors

Due to heterogeneity in study characteristics and methodological quality a qualitative 

synthesis of the prognostic factors was performed (Table 3). Limited evidence consists for 

dementia, SE <70% and lower initial UPDRS-ME scores as prognostic factor for a higher 

rate of progression of impairment. Furthermore, there is conflicting evidence on age at 

entry into the study, age at onset and longer disease duration at baseline as prognostic 

Table 3. Evidence on prognostic factors in Parkinson’s disease.

Prognostic factors Motor impairment Disability

Higher age at onset Conflicting evidence Strong evidence

Older age at baseline Conflicting evidence

Non-tremor dominant subtype at onset Limited evidence

Lower UPDRS-ME scores at baseline Limited evidence

Longer disease duration at baseline Conflicting evidence

Dementia Limited evidence

SE < 70% Limited evidence

PIGD-score Strong evidence

Bradykinesia-score Limited evidence

Symmetrical disease at baseline Limited evidence

Sex Conflicting evidence

Depression Limited evidence

UPDRS-ME = Unified Parkinson’s Disease Rating Scale - motor examination; SE = Schwab and England 
disability scale; PIGD-score = postural instability/gait difficulty–score; empty cells mean there is no 
evidence available. The outcome measure quality of life was left out because no prognostic factor good 
be identified.
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factors for progression of motor impairment. Strong evidence was found for higher age at 

onset and higher PIGD-score at baseline as prognostic factors for more rapid progression 

of disability in PD. Limited evidence consists for higher baseline bradykinesia-score, 

non-tremor dominant subtype at onset, symmetrical disease onset and depression as 

prognostic factor of more rapid progression of disability. There is still conflicting evidence 

on whether sex is a prognostic factor for the progression of disability in PD. No evidence 

is reported on prognostic factors for the progression of quality of life in PD.

Discussion

The selected articles showed progression of impairment and disability and conflicting 

evidence on the change of quality of life in PD. A formal meta-analysis to quantitatively 

aggregate progression scores of motor impairment, disability, and quality of life was 

not possible due to the wide variety in outcome measures used and heterogeneous 

study populations. Accordingly only a qualitative synthesis of the prognostic factors was 

possible. Our review showed limited and conflicting evidence with regard to prognostic 

factors for motor impairment deterioration. Strong evidence was found for higher age at 

onset and higher PIGD-score at baseline as prognostic factors for more rapid progression 

of disability in PD. No evidence was found for prognostic factors on quality of life.

Comparing our results to two previous published reviews (10,11) there are some problems 

in interpretation. In the practice guidelines of the AAN (11), the outcome measure is 

motor progression containing both outcome measures describing impairment (UPDRS-

ME) and disability (HY or time to HY III). We studied these outcome measures separately. 

As opposed to the AAN practice guidelines we did not find any evidence in high quality 

studies that co-morbidities may be used to predict motor progression. Furthermore we 

found conflicting evidence on sex as a prognostic factor for progression of disability in 

PD, whereas the AAN states that male sex predicts a faster rate of motor progression. 

The results of the systematic review written by Marras (10) are more in line with our 

results. We also found cognitive impairment as prognostic factors for the progression 

of motor impairment. Furthermore we found a lower UPDRS-ME score at baseline as 

a prognostic factor for more rapid motor impairment, whereas Marras described the 

opposite. Our review identified more problems in daily live (SE<70%) as a prognostic factor 

for progression in motor impairment which were not described by Marras. Like Marras 

we found higher age at onset and lacking rest tremor as important factors in predicting 

disability. We found no evidence in our high quality studies on higher UPDRS-ME score at 

baseline and cognitive impairment as prognostic factors for the progression of disability 

as opposed to Marras. Our review added higher PIGD-score, higher bradykinesia-score, 
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symmetrical disease at baseline, and depression as prognostic factors for the progression 

of disability in PD. Although it can be defended that higher UPDRS-ME scores as found 

by Marras strongly correlate with higher bradykinesia and higher PIGD score and so these 

are no new prognostic factors.

To examine the validity of our search we compared our final selection to the two 

previous published systematic reviews.(10,11) Marras included thirteen studies 

(2,6-8,19,25,26,30,36-40) in her review of which we identified 11 in our search.(2,6-

8,19,25,26,30,36,39,40) The other two articles were added to our review.(37,38) When 

applying our criteria for methodological quality to the articles included in the review of 

Marras six articles (6-8,19,30,36) were rated as high quality articles. When comparing 

our selection of articles with the seven articles included in the practice guideline of the 

AAN, only two articles of these were included in our review (8,28) and five were not.

(42-46) Two of these latter five (42,44) were initially missed by our search. Both articles 

were retrieved and eventually excluded from our review because they did not describe 

one of the pre-specified outcome measures. The other three of these five articles 

(43,45,46) were identified by our search but excluded because they did not meet an 

inclusion criteria used; two of them had a follow-up of less then six months (43,45) and 

one (46) used the outcome measure mortality and medical service utilisation. Strikingly, 

only one article (8) was included in both the review of Marras and the AAN. Marras (10) 

only searched the MEDLINE database; the AAN (11) excluded articles published before 

1990 and only searched the English literature. We searched several databases without 

restriction to publication date and with less stringent language criteria. Therefore we 

are convinced that our search did not miss essential articles regarding our pre-specified 

outcome measures. Furthermore it adds information to the other two reviews because it 

is the most extensive and thoroughly executed.

The methodological quality according to our criteria list was rather low. Overall only 

11 out of 27 included articles (41%) were of high quality according to our pre-defined 

cut-off score.(6-8,19,28,30-32,34-36) The most prevalent methodological shortcomings 

appeared to be selection of study population, information completers versus drop-outs/

loss to follow-up, description of inclusion/exclusion criteria and analysis techniques. 

Especially the poor results regarding selection of study population are striking because 

identifying patients at an early common point in the course of the disease is important 

for the assessment of prognosis. One of the explanations may be that 11 out 27 (41%) 

articles were published before 1990 (2,20-23,25-27,37,3840) and are not fulfilling the 

high standards of methodological criteria used nowadays. Furthermore around 1990 

the case definition of PD changed (47,48) and the use of the UPDRS (49) as standard 

outcome measure was implemented. These developments seem to be a turning point 

in the methodology of PD research. Post-hoc analysis of the methodological quality 
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dichotomizing the studies in before and after 1990, showed a mean quality score of 5.8 

(0.6) with a range of 5 to 7 before 1990 (2,20-23,25-27,37,38,40) and a mean quality of 

9.3 (2.9) with a range of 2-13 after 1990 (6-9,19,24,25,28-36,39), a statistically significant 

difference (Mann-Whitney U test p = 0.002). All high quality articles retrieved in the 

present review were published after 1990 (Table 1, page 82). The outcome measurement 

was compromised by the variety and drawbacks of applied outcome measures in the 

individual studies. This problem is addressed for future studies with the development 

of the new-UPDRS and by adding an appendix of recommended scales for measuring 

several aspects of outcome in PD.(50,51) 

Our results show that the literature on prognosis in PD is not fulfilling the high quality 

standards on methodology applied nowadays. There is a need for prospectively followed 

cohorts of PD patients assembled at a common early point in the disease with extended 

follow-up time. Special attention should be given to the ongoing assessment of the 

diagnosis of PD and finally the long term aim of securing pathological data through post 

mortem analysis for definitive diagnosis. Analysis of prognostic factors should include 

multivariate analysis to account for confounding factors.(5) There is a need for further 

exploring the prognostic factors for progression of PD to guide clinical decision making, 

especially treatment selection and patient counselling, to improve the understanding of 

the disease process, and to improve the design and analysis of future (neuro-protective) 

clinical trials.(5)

Conclusion

This report summarizes the course and prognostic factors for the progression of PD. 

Limited evidence is found for lower UPDRS-ME at baseline, dementia and SE<70% as 

prognostic factors of future motor impairment. Furthermore there is strong evidence for 

higher age at onset and higher PIGD-score; and limited evidence for higher bradykinesia 

score, non-tremor dominant subtype, symmetrical disease at baseline and depression as 

prognostic factors for progression of disability. No evidence is found for predictors for 

future quality of life in PD. These results will help us in the care for our patients, improve 

the design and analysis of trials, and improve our understanding of the disease process.
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Table 1. Methodological characteristics of observational studies on the progression of PD and it’s prognostic factors.

Study (reference) Methodological 
quality score

Study;
l Setting
l Design
l Number 
l participants

Diagnostic criteria 
for PD

Disease duration 
at baseline 
(mean (SD))

Follow-up 
(years or months)

Loss to Follow-up Outcome measures

Starkstein, 1992 (36) 10 Hospital
PC
105

9.7 (6.4) years 12 months 12/105 Rating scale for symptoms of PD (own 
developed instrument; impairment); 
HY (disability) ; NDS(disability)

Hely, 1995 (30) 13 Hospital 
PC
136

Described in article; 
the presence of two of 
the following (tremor / 
bradykinesia / rigidity) in the 
absence of features suggestive 
of atypical parkinsonism.

23.5 (20.4) 
months

60 months 125 (11 did not finish phase one of 
the study) were followed and 98 were 
available for re-evaluation at 5 years and 
used for analysis of disease progression

MCS (impairment); the onset of 
balance disorders (disability)

McDermott, 1995 
(31)

12 Hospital
PC
800

2.1 years Mean 12 months 0/800 The onset of disability necessitating 
L-dopa therapy (disability)

Roos, 1996 (28) 10 Hospital
RC
345

UK Parkinson’s disease Society 
Brain Bank 

0/345 Time to reach HY III (disability)

Louis, 1999 (7) 10 Population
PC
237

UK Parkinson’s disease Society 
Brain Bank 

6.8 (6.8) years Mean 3.3 years; all follow-up 
>1year

UPDRS-ME (impairment)

Hely, 1999 (19) 11 Hospital 
PC
136

Described in article; 
the presence of two of 
the following (tremor / 
bradykinesia / rigidity) in the 
absence of features suggestive 
of atypical parkinsonism

23.5 (20.4) 
months

120 months 122 (10 did not complete phase one; 
4/126 loss to follow-up) used for analysis

MCS (impairment); HY (disability)

Karlsen, 2000 (32) 12 Population
PC
245

Own PD criteria; at least 
2 out 4; tremor / rigidity 
/ bradikinesia / postural 
abnormalities; and no atypical 
signs; and no other etiology for 
Parkinsonism

8.5 years 48 months 111 were available at 4 years follow-up to 
describe change in HRQOL (87 died; 18 
dementia; 11 don’t want to participate; 7 
diagnosis changed; 1 emigration)

NHP (quality of life)

Goetz, 2000 (6) 12 Hospital
RC
100

Defined by CAPIT 8.8 years 48 months Patients derived from computer base 
inventory to identify all new patients with 
PD between 1992 and 1998 who were 
already on levodopa and whose HY at 
first presentation was HY II or III; within 
this group patients with a stable PD 
diagnosis within 4 years were identified 
(221); from this cohort two groups were 
made for analysis HY II 50; HY III 50

UPDRS-ME (impairment)

Jankovic, 2001 (8) 9 Hospital
RC/PC
297

Typical PD; no atypical features 
during follow-up. Not exactly 
described, no reference to 
one of the criteria sets used 
to date.

6.5 years Mean 6.4 years; All follow-
up > 3 years

Consecutive patients diagnosed with PD 
in a hospital specialised in PD; followed 
for at least 3 years, only patients where 
the PD diagnosis was maintained during 
the follow-up were included in the study

UPDRS total score (disability)

Marras, 2004 (34) 11 Hospital
PC
301

UK Parkinson’s disease Society 
Brain Bank 

1.7 years 48 months 119/301 EQ-5D and VAS from Euro-Qol 
(quality of life)

Grey cells mean high quality study.
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Table 1. Methodological characteristics of observational studies on the progression of PD and it’s prognostic factors.

Study (reference) Methodological 
quality score

Study;
l Setting
l Design
l Number 
l participants

Diagnostic criteria 
for PD

Disease duration 
at baseline 
(mean (SD))

Follow-up 
(years or months)

Loss to Follow-up Outcome measures

Starkstein, 1992 (36) 10 Hospital
PC
105

9.7 (6.4) years 12 months 12/105 Rating scale for symptoms of PD (own 
developed instrument; impairment); 
HY (disability) ; NDS(disability)

Hely, 1995 (30) 13 Hospital 
PC
136

Described in article; 
the presence of two of 
the following (tremor / 
bradykinesia / rigidity) in the 
absence of features suggestive 
of atypical parkinsonism.

23.5 (20.4) 
months

60 months 125 (11 did not finish phase one of 
the study) were followed and 98 were 
available for re-evaluation at 5 years and 
used for analysis of disease progression

MCS (impairment); the onset of 
balance disorders (disability)

McDermott, 1995 
(31)

12 Hospital
PC
800

2.1 years Mean 12 months 0/800 The onset of disability necessitating 
L-dopa therapy (disability)

Roos, 1996 (28) 10 Hospital
RC
345

UK Parkinson’s disease Society 
Brain Bank 

0/345 Time to reach HY III (disability)

Louis, 1999 (7) 10 Population
PC
237

UK Parkinson’s disease Society 
Brain Bank 

6.8 (6.8) years Mean 3.3 years; all follow-up 
>1year

UPDRS-ME (impairment)

Hely, 1999 (19) 11 Hospital 
PC
136

Described in article; 
the presence of two of 
the following (tremor / 
bradykinesia / rigidity) in the 
absence of features suggestive 
of atypical parkinsonism

23.5 (20.4) 
months

120 months 122 (10 did not complete phase one; 
4/126 loss to follow-up) used for analysis

MCS (impairment); HY (disability)

Karlsen, 2000 (32) 12 Population
PC
245

Own PD criteria; at least 
2 out 4; tremor / rigidity 
/ bradikinesia / postural 
abnormalities; and no atypical 
signs; and no other etiology for 
Parkinsonism

8.5 years 48 months 111 were available at 4 years follow-up to 
describe change in HRQOL (87 died; 18 
dementia; 11 don’t want to participate; 7 
diagnosis changed; 1 emigration)

NHP (quality of life)

Goetz, 2000 (6) 12 Hospital
RC
100

Defined by CAPIT 8.8 years 48 months Patients derived from computer base 
inventory to identify all new patients with 
PD between 1992 and 1998 who were 
already on levodopa and whose HY at 
first presentation was HY II or III; within 
this group patients with a stable PD 
diagnosis within 4 years were identified 
(221); from this cohort two groups were 
made for analysis HY II 50; HY III 50

UPDRS-ME (impairment)

Jankovic, 2001 (8) 9 Hospital
RC/PC
297

Typical PD; no atypical features 
during follow-up. Not exactly 
described, no reference to 
one of the criteria sets used 
to date.

6.5 years Mean 6.4 years; All follow-
up > 3 years

Consecutive patients diagnosed with PD 
in a hospital specialised in PD; followed 
for at least 3 years, only patients where 
the PD diagnosis was maintained during 
the follow-up were included in the study

UPDRS total score (disability)

Marras, 2004 (34) 11 Hospital
PC
301

UK Parkinson’s disease Society 
Brain Bank 

1.7 years 48 months 119/301 EQ-5D and VAS from Euro-Qol 
(quality of life)
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Study (reference) Methodological 
quality score

Study;
l Setting
l Design
l Number 
l participants

Diagnostic criteria 
for PD

Disease duration 
at baseline 
(mean (SD))

Follow-up 
(years or months)

Loss to Follow-up Outcome measures

Ruiz, 2004 (35) 9 Hospital
RC/PC
82

UK Parkinson’s disease Society 
Brain Bank 

Newly 
diagnosed PD

60 months Initial cohort of 82 patients; during 
follow-up 23 atypical features; 59 
analysed for progression in time

UPDRS-ADL / ME; UPDRS- total score 
(impairment an disability)

Hoehn and Yahr, 
1967 (2)

6 Hospital
RC
271

Own criteria for primary 
parkinsonism; all the cases 
had some or all the accepted 
cardinal signs (tremor, rigidity, 
bradykinesia and impaired 
postural and righting reflexes) 
and no history of a disease 
process that could cause their 
parkinsonism.
Only cohort not treated 
with L-Dopa therapy

0-180 months 11/271 HY (disability)

Guillard, 1978 (38) 6 Hospital
RC
164

Not described; but patients 
treated less then 1 year with 
L-dopa were excluded as were 
patients with atypical features 
of PD.

5.2 (4.4) years 48-96 months Time to motor progression 
(impairment) and time to 
deterioration in function (disability)

Rinne, 1980 (23) 5 Hospital
RC
349

0-108 months Own developed disability score 
(disability)

Maier Hoehn, 1983 
(22)

6 Hospital
RC / PC
182

Own criteria for primary 
parkinsonism; all the cases 
had some or all the accepted 
cardinal signs (tremor, rigidity, 
bradykinesia and impaired 
postural and righting reflexes) 
and no history of a disease 
process that could cause their 
parkinsonism.

0-160 months HY (disability)

Aimard, 1984 (21) 5 Hospital
RC
302

Median follow-up 2.79 years; 
6 months to 17 years

HY (disability)

Curtis, 1984 (20) 7 Hospital
PC
176

7.5 years 144 months 28/176 HY (disability)

Guillard, 1986 (37) 6 Hospital
RC/PC
356

21.7 months 120 months Time to loss independence (disability)

Markham, 1986 (27) 6 Hospital
RC/PC
19

2.1 years 144 months UCLA-scale (disability);
HY (disability)

Table 1. (Continued)

Grey cells mean high quality study.
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Study (reference) Methodological 
quality score

Study;
l Setting
l Design
l Number 
l participants

Diagnostic criteria 
for PD

Disease duration 
at baseline 
(mean (SD))

Follow-up 
(years or months)

Loss to Follow-up Outcome measures

Ruiz, 2004 (35) 9 Hospital
RC/PC
82

UK Parkinson’s disease Society 
Brain Bank 

Newly 
diagnosed PD

60 months Initial cohort of 82 patients; during 
follow-up 23 atypical features; 59 
analysed for progression in time

UPDRS-ADL / ME; UPDRS- total score 
(impairment an disability)

Hoehn and Yahr, 
1967 (2)

6 Hospital
RC
271

Own criteria for primary 
parkinsonism; all the cases 
had some or all the accepted 
cardinal signs (tremor, rigidity, 
bradykinesia and impaired 
postural and righting reflexes) 
and no history of a disease 
process that could cause their 
parkinsonism.
Only cohort not treated 
with L-Dopa therapy

0-180 months 11/271 HY (disability)

Guillard, 1978 (38) 6 Hospital
RC
164

Not described; but patients 
treated less then 1 year with 
L-dopa were excluded as were 
patients with atypical features 
of PD.

5.2 (4.4) years 48-96 months Time to motor progression 
(impairment) and time to 
deterioration in function (disability)

Rinne, 1980 (23) 5 Hospital
RC
349

0-108 months Own developed disability score 
(disability)

Maier Hoehn, 1983 
(22)

6 Hospital
RC / PC
182

Own criteria for primary 
parkinsonism; all the cases 
had some or all the accepted 
cardinal signs (tremor, rigidity, 
bradykinesia and impaired 
postural and righting reflexes) 
and no history of a disease 
process that could cause their 
parkinsonism.

0-160 months HY (disability)

Aimard, 1984 (21) 5 Hospital
RC
302

Median follow-up 2.79 years; 
6 months to 17 years

HY (disability)

Curtis, 1984 (20) 7 Hospital
PC
176

7.5 years 144 months 28/176 HY (disability)

Guillard, 1986 (37) 6 Hospital
RC/PC
356

21.7 months 120 months Time to loss independence (disability)

Markham, 1986 (27) 6 Hospital
RC/PC
19

2.1 years 144 months UCLA-scale (disability);
HY (disability)
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Study (reference) Methodological 
quality score

Study;
l Setting
l Design
l Number 
l participants

Diagnostic criteria 
for PD

Disease duration 
at baseline 
(mean (SD))

Follow-up 
(years or months)

Loss to Follow-up Outcome measures

Goetz, 1988 (40) 6 Hospital
RC
31

Own criteria described in 
article; the presence of two 
of the following (tremor/
bradykinesia/rigidit; /but not 
impaired postural and righting 
reflexes) in the absence of 
features suggestive of atypical 
parkinsonism.

13.3 months Mean 24.3 months Progression to HYIII (disability)

Diamond, 1989 (26) 6 Hospital
RC/PC
54

Not described other than 
idiopathic PD and exclusion of 
post-encephalitic parkinsonism.

72 months 1/54 UCLA-scale (disability)

Diamond, 1990 (25) 5 Hospital
RC/PC
70

Not described other than 
idiopathic PD and exclusion of 
post-encephalitic parkinsonism.

All followed for a minimum 
of 2 years; 53 followed for 6 
years; 6 between 2-6 years 
follow-up, 9 died.

2/70 UCLA-scale (disability)

Chia, 1992 (24) 8 Hospital
RC/PC
215

Own criteria; the presence 
of two or more of the four 
cardinal symptoms (tremor, 
rigidity, bradykinesia and gait 
disturbance/flexed posture); 
without an other cause of 
parkinsonism.

3.4 years 24-180; mean 62.4 months 0/215 HY (disability)

Di Rocco, 1996 (29) 5 Hospital
RC
330

Own criteria; the presence 
of one or more of the four 
cardinal symptoms (tremor, 
rigidity, bradykinesia and 
impaired balance); without an 
other cause of parkinsonism.

0/330 Time in months to progress to a 
successive stage of the Hoehn and-
Yahr  scale (disability)

Ferraz, 1996 (39) 6 Hospital
RC/PC
133

Own criteria; the presence 
of two or more of the four 
cardinal symptoms (tremor, 
rigidity, bradykinesia and 
postural instability) with good 
reaction to L-dopa and without 
atypical features

20 months 15/133 HY (disability)

Mitchell,1996 (9) 2 Nursing home 
residents
PC
340

ICD-9-CM 18 months 0/340 ADL score (own developed 
instrument; disability)

Gasparoli, 2002 (33) 8 Hospital
RC/PC
103

UK Parkinson’s disease Society 
Brain Bank 

Newly 
diagnosed PD

60 months 0/103 UPDRS-ME (impairment)

PD = Parkinson’s disease; HY = Hoehn and Yahr staging scale; MCS = Modified Columbia Score; UPDRS 
= Unified Parkinson’s Disease Rating Scale; UPDRS-ME = Unified Parkinson’s Disease Rating Scale-motor 
examination; UPDRS-ADL = Unified Parkinson’s Disease Rating Scale-Activities of Daily Living; PC = Prospective 
cohort; RC = Retrospective cohort; CAPIT = Core Assessment Program for intracerebral transplantation; 
UCLA-scale = University of California Los Angeles disability-scale; NDS= Northwestern Disability scale; NHP= 
Notthingham health profile; ICD-9-CM = International Classification of Diseases-9-Clinical Modification; empty 
cell means data was not available in the manuscript.

Table 1. (Continued)
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Study (reference) Methodological 
quality score

Study;
l Setting
l Design
l Number 
l participants

Diagnostic criteria 
for PD

Disease duration 
at baseline 
(mean (SD))

Follow-up 
(years or months)

Loss to Follow-up Outcome measures

Goetz, 1988 (40) 6 Hospital
RC
31

Own criteria described in 
article; the presence of two 
of the following (tremor/
bradykinesia/rigidit; /but not 
impaired postural and righting 
reflexes) in the absence of 
features suggestive of atypical 
parkinsonism.

13.3 months Mean 24.3 months Progression to HYIII (disability)

Diamond, 1989 (26) 6 Hospital
RC/PC
54

Not described other than 
idiopathic PD and exclusion of 
post-encephalitic parkinsonism.

72 months 1/54 UCLA-scale (disability)

Diamond, 1990 (25) 5 Hospital
RC/PC
70

Not described other than 
idiopathic PD and exclusion of 
post-encephalitic parkinsonism.

All followed for a minimum 
of 2 years; 53 followed for 6 
years; 6 between 2-6 years 
follow-up, 9 died.

2/70 UCLA-scale (disability)

Chia, 1992 (24) 8 Hospital
RC/PC
215

Own criteria; the presence 
of two or more of the four 
cardinal symptoms (tremor, 
rigidity, bradykinesia and gait 
disturbance/flexed posture); 
without an other cause of 
parkinsonism.

3.4 years 24-180; mean 62.4 months 0/215 HY (disability)

Di Rocco, 1996 (29) 5 Hospital
RC
330

Own criteria; the presence 
of one or more of the four 
cardinal symptoms (tremor, 
rigidity, bradykinesia and 
impaired balance); without an 
other cause of parkinsonism.

0/330 Time in months to progress to a 
successive stage of the Hoehn and-
Yahr  scale (disability)

Ferraz, 1996 (39) 6 Hospital
RC/PC
133

Own criteria; the presence 
of two or more of the four 
cardinal symptoms (tremor, 
rigidity, bradykinesia and 
postural instability) with good 
reaction to L-dopa and without 
atypical features

20 months 15/133 HY (disability)

Mitchell,1996 (9) 2 Nursing home 
residents
PC
340

ICD-9-CM 18 months 0/340 ADL score (own developed 
instrument; disability)

Gasparoli, 2002 (33) 8 Hospital
RC/PC
103

UK Parkinson’s disease Society 
Brain Bank 

Newly 
diagnosed PD

60 months 0/103 UPDRS-ME (impairment)

PD = Parkinson’s disease; HY = Hoehn and Yahr staging scale; MCS = Modified Columbia Score; UPDRS 
= Unified Parkinson’s Disease Rating Scale; UPDRS-ME = Unified Parkinson’s Disease Rating Scale-motor 
examination; UPDRS-ADL = Unified Parkinson’s Disease Rating Scale-Activities of Daily Living; PC = Prospective 
cohort; RC = Retrospective cohort; CAPIT = Core Assessment Program for intracerebral transplantation; 
UCLA-scale = University of California Los Angeles disability-scale; NDS= Northwestern Disability scale; NHP= 
Notthingham health profile; ICD-9-CM = International Classification of Diseases-9-Clinical Modification; empty 
cell means data was not available in the manuscript.
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Table 2A. Results of observational studies on the course of impairment and its prognostic factors in 
patients with Parkinson’s disease.

Study Outcome measure Results Prognostic factors

Starkstein, 1992 (36) Own developed rating scale 
for motor symptoms of PD

No differences in progression rate between the 
groups major depression, minor depression and no 
depression

Hely, 1995 (30) MCS increase of >10 points 
in 5 years

Univariate analysis:
Dementia and age at onset per 10 years
Multivariate analysis:
Age at onset per 10 years OR 2.9 (1.4-6.3)

Hely, 1999 (19) Modified Columbia Score 
increase of >20 points in 
10 years 

Univariate analysis:
Increasing tremor score, increasing age and female sex.
Multivariate analysis:
Older age OR 2.41 (1.24-4.66)

Louis, 1999 (7) UPDRS-ME UPDRS-ME total score: significant annual rate of 
increase; 1.5 points (1.5%)
No difference in disease progression between short 
disease duration (<3 years) and long disease duration 
(>3 years).
Progression of subscores:

Tremor: no significant increase
Bradykinesia: significant annual rate of increase; 
0.6 points / 28 (2.1%)
Rigidity: significant annual rate of increase; 0.4 
points / 20 (2.0%)
Gait and Balance: significant annual rate of 
increase; 0.5 points / 16 (3.1%)

Multivariate analysis:
Baseline factors predictive of higher UPDRS-ME total score at each annual visit; dementia (z-score 4.0), SE 
<70% (z-score 6.8), long disease duration (>6.8 years) (z-score 3.6)
No predictors; age at entry into the study, sex, ethnic group, education, age at onset, L-dopa therapy

Goetz, 2000 (6) UPDRS-ME UPDRS-ME; in the HY II group no significant change 
in total UPDRS-ME score 27.8 to 28.3, but in the HY 
III group there was a significant change in the total 
UPDRS-ME score 38.1 to 41.7

UPDRS-ME scores at baseline were negatively correlated with change in UPDRS-ME scores; lower initial scores 
have higher rate of progression.
Baseline disease duration did not affect rate of progression

Ruiz, 2004 (35) UPDRS-ME Baseline: UPDRS-ME 17.7 (10)
Year 3: UPDRS-ME 14.4 (8.3)
Year 5: UPDRS-ME 18.8 (9.6)

Guillard, 1978 (38) Time to motor progression Slower progression in those with less bradykinesia at onset of L-dopa therapy and in those who are 
independent at onset of L-dopa therapy

Gasparoli, 2002 (33) UPDRS-ME Patients with slow evolution were characterized by earlier age at onset, lateralization of parkinsonian signs, 
prevalence of rest tremor and absence of gait disturbance. Rapid progression characterized by older age, 
absence of lateralization of parkinsonian signs, predominance of bradykinesia-rigidity and gait-disturbance

UPDRS = Unified Parkinson’s Disease Rating Scale; UPDRS-ME = Unified Parkinson’s Disease Rating Scale-
motor examination; HY = Hoehn and Yahr staging scale; MCS= Modified Columbia Score; OR = Odds 
Ratio; empty cell means data was not available in the manuscript; grey cells mean high quality study.
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Table 2A. Results of observational studies on the course of impairment and its prognostic factors in 
patients with Parkinson’s disease.

Study Outcome measure Results Prognostic factors

Starkstein, 1992 (36) Own developed rating scale 
for motor symptoms of PD

No differences in progression rate between the 
groups major depression, minor depression and no 
depression

Hely, 1995 (30) MCS increase of >10 points 
in 5 years

Univariate analysis:
Dementia and age at onset per 10 years
Multivariate analysis:
Age at onset per 10 years OR 2.9 (1.4-6.3)

Hely, 1999 (19) Modified Columbia Score 
increase of >20 points in 
10 years 

Univariate analysis:
Increasing tremor score, increasing age and female sex.
Multivariate analysis:
Older age OR 2.41 (1.24-4.66)

Louis, 1999 (7) UPDRS-ME UPDRS-ME total score: significant annual rate of 
increase; 1.5 points (1.5%)
No difference in disease progression between short 
disease duration (<3 years) and long disease duration 
(>3 years).
Progression of subscores:

Tremor: no significant increase
Bradykinesia: significant annual rate of increase; 
0.6 points / 28 (2.1%)
Rigidity: significant annual rate of increase; 0.4 
points / 20 (2.0%)
Gait and Balance: significant annual rate of 
increase; 0.5 points / 16 (3.1%)

Multivariate analysis:
Baseline factors predictive of higher UPDRS-ME total score at each annual visit; dementia (z-score 4.0), SE 
<70% (z-score 6.8), long disease duration (>6.8 years) (z-score 3.6)
No predictors; age at entry into the study, sex, ethnic group, education, age at onset, L-dopa therapy

Goetz, 2000 (6) UPDRS-ME UPDRS-ME; in the HY II group no significant change 
in total UPDRS-ME score 27.8 to 28.3, but in the HY 
III group there was a significant change in the total 
UPDRS-ME score 38.1 to 41.7

UPDRS-ME scores at baseline were negatively correlated with change in UPDRS-ME scores; lower initial scores 
have higher rate of progression.
Baseline disease duration did not affect rate of progression

Ruiz, 2004 (35) UPDRS-ME Baseline: UPDRS-ME 17.7 (10)
Year 3: UPDRS-ME 14.4 (8.3)
Year 5: UPDRS-ME 18.8 (9.6)

Guillard, 1978 (38) Time to motor progression Slower progression in those with less bradykinesia at onset of L-dopa therapy and in those who are 
independent at onset of L-dopa therapy

Gasparoli, 2002 (33) UPDRS-ME Patients with slow evolution were characterized by earlier age at onset, lateralization of parkinsonian signs, 
prevalence of rest tremor and absence of gait disturbance. Rapid progression characterized by older age, 
absence of lateralization of parkinsonian signs, predominance of bradykinesia-rigidity and gait-disturbance

UPDRS = Unified Parkinson’s Disease Rating Scale; UPDRS-ME = Unified Parkinson’s Disease Rating Scale-
motor examination; HY = Hoehn and Yahr staging scale; MCS= Modified Columbia Score; OR = Odds 
Ratio; empty cell means data was not available in the manuscript; grey cells mean high quality study.
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Table 2B. Results of observational studies on the course of disability and its prognostic factors in patients 
with Parkinson’s disease.

Study Outcome measure Results Prognostic factors

Starkstein, 1992 (36) HY Major depression: Baseline 3.2; One year 3.9
Minor depression; Baseline 3.1; One year 3.6
No depression; Baseline 2.6; One year 2.8

Faster progression in patients with Major depression as compared to minor depression / no depression

NDS Major depression; Baseline 16.0; One year 18.7
Minor depression; Baseline 13.9; One year 13.4
No depression; Baseline 9.9; One year 9.8

Faster progression in patients with Major depression as compared to minor depression / no depression

Hely, 1995 (30) The onset of balance 
disorders

Univariate analysis:
Age at onset per 10 years, symmetrical disease, Columbia score per 5 points and bradykinesia score per 5 
points.
Multivariate analysis:
Age at onset per 10 years OR 2.1 (1.1-3.9)
Symmetrical disease OR 4.0 (1.3-12)

McDermott, 1995 (31) The onset of disability 
necessitating L-dopa 
therapy.

Univariate: 
Patients with poorer scores on most of the UPDRS-derived variables, the staging according to HY, the ADL 
scale of Schwab and England and the Pegboard test were at a significantly increased risk of reaching the end-
point (Table 1)
Multivariate: 
PIGD-score (sum of falling/freezing/walking difficulty by history and gait and postural stability by examination 
divided by five): HR overall 1.85 (1.32-2.59); <2 years symptom duration 2.87 (1.78-4.63); >2 1.34 (0.88-2.04).
Bradykinesia score (finger taps/rapid alternating movement/hand movement/legagility/total bradykinesia 
score by examination): HR 2.13 (1.54-2.94)
Sex=Female: HR 1.36 (1.00-1.84) 

Roos, 1996 (28) Time to reach HY III Patients with tremor reach this stage significantly later than patients with hypokinesia/rigidity or tremor/
hypokinesia/rigidity

Hely, 1999 (19) HY At baseline 83/126 were HY I or II; median time of 
progression to HY III  3.5 years, to HY IV 7 years and 
to HY V 6 years; 34.9% died
At baseline 43/126 were HY III; median time to HY IV 
was 4.5 years and to HY V 6.5 years; 48.8% died

Jankovic, 2001 (8) UPDRS-total score
(sum of mentation and 
behaviour; ADL;ME)

Annual rate of decline in the total UPDRS (I, II and III) 
sum score 1.34 in ON and 1.58 in OFF

Males, patients with PIGD-subtype (sum of falling/freezing/walking difficulty by history and gait and postural 
stability by examination divided by five) and older age at onset (>57 years as opposed to <57 years) had a less 
favourable prognosis. (Showing a steeper slope of progression in the repeated measurement analysis)

Ruiz, 2004 (35) UPDRS-ADL Baseline: UPDRS-ADL 7.8 (4.7)
Year 3: UPDRS-ADL 6.7 (3.4)
Year 5: UPDRS-ADL 8.4 (3.8)

UPDRS total score Baseline: Total UPDRS 27.1 (13)
Year 3: Total UPDRS 22.6 (11)
Year 5: Total UPDRS 29.5 (13.8)

Age at onset did not correlate with clinical deterioration at the final visit

Hoehn and Yahr, 1967 (2) HY Disabled (HY stage IV or V) or dead; 1-5 disease 
31/110 (28.1%), 6-10 disease 25/41 (61.0%), 11-15 
disease 40/48 (83.3%), >15 disease 17/19 (89.5%). 
Total patients observed 271-42 (cases first observed 
before 1949)-11 (lost to follow-up) = 229

Trend that patients with tremor at onset progress less slowly, during the first ten years of disease, then 
patients with other symptoms at onset

Guillard, 1978 (38) Time to deterioration in 
function

Slower progression in patients with tremor subtype at start of L-dopa therapy. Faster progression in those 
with Babinski (diagnosis!!!) and in those with psychiatric side effects in first year of treatment with L-dopa 
therapy

Rinne, 1980 (23) Own developed disability 
score

Improvement in total disability (% of baseline) 
ranging from 47% after 1 year of treatment to -10% 
after 9 years of treatment

Grey cells mean high quality study.
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Year 3: UPDRS-ADL 6.7 (3.4)
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Study Outcome measure Results Prognostic factors

Maier Hoehn, 1983 (22) HY Disabled (HY stage IV or V) or dead; 1-5 disease 
31/110 (28.1%), 6-10 disease 25/41 (61.0%), 11-15 
disease 40/48 (83.3%), >15 disease 17/19 (89.5%). 
Total patients observed 271-42 (cases first observed 
before 1949)-11 (lost to follow-up) = 229

Aimard, 1984 (21) HY 
A=stadium I and II
B= stadium III
C = stadium Iv and V

< 3 years; A=68%; B=15%; C=17%
3-6 years; A=46%; B=31%; C=23%
6-10 years; A=28%; B=43%; C=29%
> 10 years; A=39%; B=39%; C=22%

Curtis, 1984 (20) HY At baseline: I en II (mild): 78, III (moderate): 73, IV of 
V (severe): 25
At follow-up: I of II (mild): 1, III (moderate): 13, IV of 
V (severe): 34

Guillard, 1986 (37) Time to loss of 
independence

Faster progression with akinetic-rigid subtype or severe kinesia at the start of L-dopa therapy and poor clinical 
result of L-dopa after 1 year (diagnosis!!!!!)

Markham, 1986 (27) UCLA-scale
HY

Baseline 22.4 (6.73) in group of 19; 104.0 (25.4) in 
group of 6
Baseline 2 in group of 19; Follow-up 3.5 in group of 6

Goetz, 1988 (40) Progression to HY III The mean duration of symptoms until the rapidly 
progressive group progressed to HY III was 24.3 
months

Higher age at onset associated with faster progression to HY III

Diamond, 1989 (26) UCLA-scale Before L-dopa treatment L-dopa treatment no 
significant difference between men and women 
for the UCLA disability score; the first 3 years after 
L-dopa treatment no difference in UCLA disability 
score; after 3 years statistically significant difference 
in UCLA disability score between age at onset group 
>60 and the other 2 groups

Younger age at onset favorable prognosis

Diamond, 1990 (25) UCLA-scale Before L-dopa treatment and after L-dopa treatment 
no significant difference between men and women 
for the UCLA disability score

No difference in prognosis between men and women

Chia, 1992 (24) HY At baseline: I 81, II 91, III 32, IV 10, V 1
At follow-up: I 1, II 53, III 73, IV 62, V 26

Not described in RR/OR; with 8-9 years of illness tremor at start and unilateral start of symptoms are a 
prognostic factor for less severe disability (stage IV and V) or dead when compared with other then tremor 
symptoms at start and bilateral onset respectively

Di Rocco, 1996 (29) Time in months to 
progress to a successive 
stage of the HY scale

Stage 0-I 15.8 months, stage I-II 26.8 months, stage 
II-III 34.7 months, III-IV 48.5 months, IV-V 21.3 
months

Ferraz, 1996 (39) HY No difference between rural and urban living group 
for getting better/worse over time as measured by 
Hoehn and Yahr

Mitchell, 1996 (9) Own developed ADL-score ADL: Baseline 15, 6 months 15.75, 12 months 16.6, 
18 months 17.5

(functional dependence: 0-10 mild, 10-20 moderate, 
20-30 severe)

UPDRS total score Baseline: Total UPDRS 27.1 (13)
Year 3: Total UPDRS 22.6 (11)
Year 5: Total UPDRS 29.5 (13.8)

Age at onset did not correlate with clinical deterioration at the final visit

Unified Parkinson’s Disease Rating Scale; UPDRS-ME = Unified Parkinson’s Disease Rating Scale-motor 
examination; UPDRS-ADL = Unified Parkinson’s Disease Rating Scale-Activities of Daily Living; UCLA-
scale = University of California Los Angeles disability-scale ; HY = Hoehn and Yahr staging scale; NDS= 
Northwestern disability scale; OR = Odds Ratio; HR = Hazard Ratio; RR = Relative Risk; PIGD = Postural 
Instability and Gait Difficulty; ADL-score= Activities of Daily Living-score; empty cell means data was not 
available in the manuscript.

Table 2B. (Continued)
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Study Outcome measure Results Prognostic factors
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disease 40/48 (83.3%), >15 disease 17/19 (89.5%). 
Total patients observed 271-42 (cases first observed 
before 1949)-11 (lost to follow-up) = 229

Aimard, 1984 (21) HY 
A=stadium I and II
B= stadium III
C = stadium Iv and V

< 3 years; A=68%; B=15%; C=17%
3-6 years; A=46%; B=31%; C=23%
6-10 years; A=28%; B=43%; C=29%
> 10 years; A=39%; B=39%; C=22%

Curtis, 1984 (20) HY At baseline: I en II (mild): 78, III (moderate): 73, IV of 
V (severe): 25
At follow-up: I of II (mild): 1, III (moderate): 13, IV of 
V (severe): 34

Guillard, 1986 (37) Time to loss of 
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Faster progression with akinetic-rigid subtype or severe kinesia at the start of L-dopa therapy and poor clinical 
result of L-dopa after 1 year (diagnosis!!!!!)
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HY

Baseline 22.4 (6.73) in group of 19; 104.0 (25.4) in 
group of 6
Baseline 2 in group of 19; Follow-up 3.5 in group of 6

Goetz, 1988 (40) Progression to HY III The mean duration of symptoms until the rapidly 
progressive group progressed to HY III was 24.3 
months

Higher age at onset associated with faster progression to HY III

Diamond, 1989 (26) UCLA-scale Before L-dopa treatment L-dopa treatment no 
significant difference between men and women 
for the UCLA disability score; the first 3 years after 
L-dopa treatment no difference in UCLA disability 
score; after 3 years statistically significant difference 
in UCLA disability score between age at onset group 
>60 and the other 2 groups

Younger age at onset favorable prognosis

Diamond, 1990 (25) UCLA-scale Before L-dopa treatment and after L-dopa treatment 
no significant difference between men and women 
for the UCLA disability score

No difference in prognosis between men and women

Chia, 1992 (24) HY At baseline: I 81, II 91, III 32, IV 10, V 1
At follow-up: I 1, II 53, III 73, IV 62, V 26

Not described in RR/OR; with 8-9 years of illness tremor at start and unilateral start of symptoms are a 
prognostic factor for less severe disability (stage IV and V) or dead when compared with other then tremor 
symptoms at start and bilateral onset respectively

Di Rocco, 1996 (29) Time in months to 
progress to a successive 
stage of the HY scale

Stage 0-I 15.8 months, stage I-II 26.8 months, stage 
II-III 34.7 months, III-IV 48.5 months, IV-V 21.3 
months

Ferraz, 1996 (39) HY No difference between rural and urban living group 
for getting better/worse over time as measured by 
Hoehn and Yahr

Mitchell, 1996 (9) Own developed ADL-score ADL: Baseline 15, 6 months 15.75, 12 months 16.6, 
18 months 17.5

(functional dependence: 0-10 mild, 10-20 moderate, 
20-30 severe)

UPDRS total score Baseline: Total UPDRS 27.1 (13)
Year 3: Total UPDRS 22.6 (11)
Year 5: Total UPDRS 29.5 (13.8)

Age at onset did not correlate with clinical deterioration at the final visit

Unified Parkinson’s Disease Rating Scale; UPDRS-ME = Unified Parkinson’s Disease Rating Scale-motor 
examination; UPDRS-ADL = Unified Parkinson’s Disease Rating Scale-Activities of Daily Living; UCLA-
scale = University of California Los Angeles disability-scale ; HY = Hoehn and Yahr staging scale; NDS= 
Northwestern disability scale; OR = Odds Ratio; HR = Hazard Ratio; RR = Relative Risk; PIGD = Postural 
Instability and Gait Difficulty; ADL-score= Activities of Daily Living-score; empty cell means data was not 
available in the manuscript.
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Table 2C. Results of observational studies on the course of perceived quality of life  and its prognostic 
factors in patients with Parkinson’s disease 

Study Outcome measure Results Prognostic factors

Karlsen, 2000 (32) NHP NHP proportion with more than 30% increase in 
score = 58.6%; mean change score 56.0 (SD 110.8)

The authors could not identify any factors that could predict change in decreased QoL as measured by the 
increased NHP scores

Marras, 2004 (34) EQ-5D and VAS from 
EuroQol

No significant change in QoL between 0-4 years of 
follow-up

Treatment regimen or motor complications are not related to lower QoL; dyskinesias in the first two years 
of treatment (and follow-up) are associated with better QoL scores (even when corrected for difference in 
UPDRS-scores); this correlation disappears in the last 2 years of follow-up

UPDRS = Unified Parkinson’s Disease Rating Scale; NHP= Notthingham Health Profile; QoL = Quality of 
Life; SD = Standard Deviation; grey cells mean high quality study.
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Appendix 1. Specification of criteria list systematic review of the progression of PD and its prognostic factors.

Study population
A. Selection of study population
  Positive if study population consists of a consecutive sample, assembled at a common early point in 

the disease.
B. Description of inclusion and exclusion criteria
  Positive if criteria are formulated for at least:
   Number of years since diagnosis/symptoms of Parkinson’s disease

  Defined diagnosis of Parkinson’s disease according to Gelb {Gelb,1999} or the UK Parkinson’s 
disease Society Brain Bank {Hughes,1992}; or in older studies description of relevant signs for the 
diagnosis (tremor/bradykinesia/rigidity/posturalreflex abnormality) combined with the absence 
of signs (e.g. Babinski sign/Ataxia/early dementia/early autonomic features).

C. Baseline demographic and clinical characteristics are described for all subjects
  Positive if age, gender, age at onset, Modified Hoehn and Yahr and UPDRS, at least motor examination, 

are described.
D. Treatment subsequent to inclusion in cohort reported
  Positive if treatment is described.

Study size
E. Study size
  Positive if the number of patients included in the study is  100.

Follow Up
F. Follow-up  24 months
  Positive if the follow-up period is 24 months or more.
G. Drop-outs/loss to follow-up  15% or 20%
  Positive if total number of drop-outs/loss to follow-up is smaller or equal to 15% with one year 

follow-up; and positive if smaller or equal to 20% with two or more years follow-up.
H. Information completers versus drop-outs/loss to follow-up
  Positive if demographic/clinical information is presented for completers and for drop-outs/loss to 

follow-up.

Outcome Measures
I. Relevance, validity and reproducibility of outcome measures
  Positive if at least 1 of the following 4 items are used as outcome measures: impairment, perceived 

disability in physical activities or performance in physical activities, quality of life, survival and if the 
study tested the validity/reproducibility of or referred to other studies in which validity/reproducibility 
of this outcome measure was established.

Prognostic factors
J. Description of potential prognostic factors
  Positive if at least the following factors are reported at baseline: age, sex, age at onset motor 

symptoms, physical impairment (tremor/bradykinesia/rigidity); including details of measurement 
(reliability/validity) if relevant.

Analysis and data presentation
K. Description of most important outcome measures
  Positive if, frequency/percentage/mean(SD/CI/Range) of at least 1 of the following 4 outcome 

measures are used for each follow-up measurement: impairment, perceived disability in physical 
activities or performance in physical activities, quality of life, survival.

L. Description of most important prognostic factors
  Positive if, frequency/percentage/mean (SD/CI/Range) of the most important prognostic factors  are 

reported for each follow-up measurement.
M. Univariate technique
  Positive if univariate crude estimates are provided.
N. Multivariate technique
  Positive if appropriate multivariate techniques are used to adjust for other prognostic factors and 

adequate sample size (N) in relation to number of prognostic factors (K) (at least N:K=10:1)
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Appendix 2. Levels of evidence that were applied in the qualitative data analysis. 

Strong evidence Generally consistent findings in multiple high-quality cohort studies

Moderate evidence Generally consistent findings in one high-quality cohort study and two or more 
high-quality case control studies, or in three or more high-quality case-control 
studies

Limited evidence (Generally consistent) findings in a single high-quality cohort study, or in two or 
fewer high-quality case-control studies

Conflicting evidence Conflicting findings in high-quality studies 
(i.e. <75% of the studies reported consistent findings)

No evidence No high-quality studies could be found
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Abstract

Objective

To determine the frequency and pattern of cognitive dysfunction in patients with 

newly diagnosed Parkinson’s disease (PD) and to identify its demographic and clinical 

correlates.

Methods

A cohort of 115 consecutive patients with newly diagnosed PD and 70 healthy 

controls underwent a comprehensive neuropsychological assessment including tests of 

psychomotor speed, attention, language, memory, executive and visuospatial functions, 

as well as measures of affective status. Patients also received quantitative ratings of motor 

symptom severity and functional status. Neuropsychological performance of PD patients 

was compared 1) with that of healthy controls and 2) with available normative data. 

Independent demographic and clinical predictors of cognitive impairment were identified 

with multiple logistic regression analysis.  

Results

Relative to controls, PD patients performed significantly worse on most cognitive 

measures. However, further analysis revealed that group differences in cognitive 

performance could mainly be explained by measures of immediate memory and executive 

function. Comparison with normative data showed that impairments were most frequent 

on measures of executive function, memory and psychomotor speed. Twenty -four per 

cent of PD patients (4% of controls) displayed defective performance on at least three 

neuropsychological tests and were classified as cognitively impaired. Late onset of disease 

was an independent predictor of cognitive dysfunction in PD. 

Conclusion

Cognitive impairments are common even in newly diagnosed PD patients, with deficits 

being most prominent in the domains of memory and executive functions. Older age at 

disease onset is likely to be an important determinant of cognitive dysfunction in PD.
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Introduction

Cognitive deficits can occur even in the early stages of Parkinson’s disease (PD). In many 

instances these deficits may not be clinically apparent, but they are detectable with 

specific neuropsychological tests. Some deficits resemble those seen in patients with 

frontal lobe damage, which is consistent with the anatomical model of basal ganglia 

thalamocortical circuits.(1) However, the exact pattern of these impairments, as well as 

their frequency are still subjects of considerable controversy. In support of the hypothesis 

of “frontal -type dysfunction”, isolated deficits have been found in newly diagnosed, non 

-medicated PD patients on tests known to be sensitive to frontal lobe damage.(2-5) Other 

studies, however, have found a more generalized pattern of cognitive dysfunction.(6,7) 

Furthermore, some investigators (8) found no evidence of ”frontal deficit” in their sample, 

suggesting that such an impairment is not a universal cognitive feature of early PD.       

In an attempt to resolve these discrepancies, we examined the frequency and pattern 

of cognitive impairments in a large cohort of consecutive patients with newly diagnosed 

PD using a comprehensive battery of neuropsychological tests. In addition to comparing 

the patients’ performance to that of healthy controls, standard scores were derived for 

each measure from published normative data to assess the cognitive profile in a more 

clinically meaningful manner and with greater external validity. Furthermore, we sought 

to identify demographic and clinical correlates of cognitive dysfunction in early PD. 

Methods

Subjects

The study population comprised 129 consecutive patients with newly diagnosed PD 

recruited between July 2002 and March 2005 from the neurology outpatient clinics of 

six general hospitals in the Netherlands (Meander Medical Center Amersfoort, Medical 

Center Alkmaar, Academic Medical Center Amsterdam, St. Lucas –Andreas Hospital 

Amsterdam, Slotervaart Hospital Amsterdam, and OLVG Amsterdam). The clinical 

diagnosis of PD was based on standard criteria.(9) Exclusion criteria were age of 85 years 

or older, insufficient command of the Dutch language, global cognitive decline, and the 

presence of somatic illness with a life expectancy of less than a year. The patients in 

this study were participants in a longitudinal research project investigating the course of 

functional status and its determinants in PD. The data presented here were obtained at 

the baseline assessment. 

Neurological examination was conducted in all patients and 115 patients underwent a 

comprehensive neuropsychological assessment. Seven patients refused to participate, one 
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patient suffered a stroke and was no longer eligible, two patients could not be properly 

examined due to difficulty in comprehending test instructions, and four patients were 

excluded because global cognitive deterioration was suspected (MMSE < 24), leaving 115 

patients for the present analysis. 

At the time of the examination, 37 patients were not receiving any medication. Of 

the remaining 78 patients, 41 were treated with levodopa plus a peripheral levodopa 

-decarboxylase inhibitor, 29 with a dopamine agonist (pergolide [n = 13], pramipexol 

[n = 14], ropinirol [n = 2]), two with levodopa in combination with a dopamine agonist 

(pergolide in both cases), four with amantadine, one with levodopa in combination with 

a dopamine agonist and amantadine, and one with amantadine plus an anticholinergic 

drug (orfenadrine). To calculate levodopa dose, we pooled different drugs in a levodopa 

equivalent dose (LED).(10) Except for one patient who was using alprazolam, none of 

the patients received antidepressants, benzodiazepines or antipsychotics. None of the 

patients had undergone neurosurgical operation for relief of motor symptoms.

A sample of 70 healthy control subjects, consisting of spouses, relatives or friends of 

the patients, was also included in the study. None of the controls had impairment in 

hearing and visual acuity, history of a major psychiatric disorder, head injury with loss of 

consciousness in excess of 1 hour, cerebrovascular disease, or other CNS illness, drug or 

alcohol abuse, and none were currently taking psychoactive medication. Control subjects 

underwent only neuropsychological assessment.

Written informed consent was obtained from all subjects after the nature of the study 

was fully explained. The study was approved by the local ethics committees of the 

participating hospitals. 

Procedure

Neurological and neuropsychological assessments were carried out in the hospital or at 

the subjects’ home, at separate occasions. Neuropsychological assessment was conducted 

within one to four weeks after the neurological examination.     

Neurological examination

A detailed neurological examination was performed in all patients to check the diagnosis 

of PD. Information about the onset and course of the disease, initial symptoms, side of 

onset of disease, medical history, medication and response to levodopa therapy was 

obtained with a semi -structured interview. The severity of extrapyramidal symptoms was 

rated using the motor section of the Unified Parkinson’s Disease Rating Scale (UPDRS).(11) 

The stage of disease was determined with the Hoehn & Yahr rating scale.(12) Functional 

status was evaluated using the Schwab and England Activities of Daily Living Scale (SE; 
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range 0 – 100%) (13) and the Barthel Activities of Daily Living Index (range 0 – 20).(14) 

Higher scores on both scales indicate better functional capacity. The duration of disease 

was defined as the time between the appearance of the first symptom of PD as reported 

by the patient and the moment of assessment.

Neuropsychological assessment

Neuropsychological tests were administered in a fixed order during a period of two to 

three hours with suitable rest periods. In addition to assessment of global cognitive 

functioning (Mini Mental State Examination; MMSE)(15) and premorbid intellectual 

ability (National Adult Reading Test, Dutch version; DART)(16), neuropsychological testing 

examined functions in six cognitive domains: psychomotor speed, attention, language, 

memory, executive functions, and visuospatial/constructive skills.(17) Psychomotor speed 

was evaluated using the Wechsler Adult Intelligence Scale–Revised (WAIS–R) Digit 

Symbol test (18), Trail Making Test part A (19), Stroop Color Word test part A (word 

reading) and part B (color naming).(20) Attention was assessed with an adapted version 

of WAIS–R forward and backward digit span (three trials were administered per length 

of digit strings, the score was the total number of correct responses for each condition, 

maximum 21) (21), Trail Making Test part B (19) and Stroop Color Word test part C 

(interference condition).(20) Language function was examined with the Boston Naming 

Test (BNT; short form, the score was extrapolated to the full -length score).(22) Memory 

was assessed with the Rey Auditory Verbal Learning Test (RAVLT; trials 1–5, 20 -minute 

delayed free recall and recognition of a list of 15 unrelated words) (23) Rivermead 

Behavioral Memory Test (RBMT) Logical Memory test (immediate and 20–minute delayed 

recall of two stories) (24) Wechsler Memory Scale–III  (WMS–III; Faces recognition test 

immediate and 30–minute delayed recognition) (25), and Visual Association Test (VAT; 

subjects are shown six pictures of  two common objects, recall is tested without a delay 

by showing one object and asking what other object is missing, one point was awarded 

for each correctly recalled object, two trials are given resulting in a score range of 0 

-12).(26) Executive functions were examined with the Modified Wisconsin Card Sorting 

Test (MWCST; number of categories achieved, errors, perseverative errors) (27), Category 

fluency (animals and supermarket items) (28), Controlled Oral Word Association Test 

(COWAT) (29), WAIS–III Similarities (30), and the Tower of London–Drexel test (TOLDX; 

manual version of the test was used comprising 10 problems ranging in difficulty from 

four to seven moves, subjects were instructed to try to solve each problem in the fewest 

possible number of moves and were allowed 3 minutes for each problem; the number of 

problems correctly solved in minimum number of moves was recorded).(31) Visuospatial 

and constructive abilities were assessed with the Judgment of Line Orientation (JOLO) (32), 
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Groningen Intelligence Test (GIT) spatial test (tangram–like test in which subjects were 

instructed to select the figures which they thought were needed to fill up a geometric 

design; one point was awarded for each correct response, range 0–20) (28), and Clock 

Drawing Test.(33) The validity of this test classification was found to be satisfactory 

(Cronbachs α > 0.6 for each cognitive domain, except for language where such analysis 

was not possible as only one test was used to assess this domain).  

The Hospital Anxiety and Depression Scale (HADS) (34) was used to assess the presence 

of affective disturbances. This is a self -administered 14-item questionnaire particularly 

suited for the assessment of affective status in PD patients since it contains no somatic 

items which may relate directly to patients’ physical disability. In addition to the HADS 

total score, separate scores can be calculated for the depression (HADS–D) and anxiety 

(HADS–A) subscales. 

Data analyses

Differences in demographic and clinical characteristics between the PD and control 

groups were analyzed with independent two-tailed t -tests. Mann-Whitney test was used 

to analyze ordinal data, while chi-square test was used to analyze nominal variables.

Pattern of cognitive impairments

To assess the pattern of cognitive disturbances, two sets of analyses were conducted. First, 

to examine relative differences between the PD and control groups multivariate analyses of 

covariance (MANCOVAs) with age and premorbid IQ as covariates were conducted within 

each cognitive domain using raw test scores. When multivariate comparisons revealed 

significant results, Bonferroni corrected univariate ANCOVAs with age and premorbid 

IQ as covariates were conducted to examine single neuropsychological measures. In an 

attempt to assess the cognitive components of performance independently of motor 

skills and speed, we created a composite measure of processing speed for each subject 

by averaging T-transformed values of Trail Making Test A and Stroop test part A (both 

adjusted for age and education).(35) This composite measure was then, in addition to age 

and premorbid IQ, used as a covariate when analyzing group differences on those tests 

in which speed, motor skill or rapid speech were an important aspect of performance 

(e.g. Trail Making Test B, Stroop interference test, verbal fluency tests, and Tower of 

London test). We also calculated effect sizes in terms of Cohen’s d.(36)

Subsequently, a logistic regression analysis was conducted to determine which cognitive 

measures differentiated patients with PD from control subjects most effectively. The 

dependent variable in the logistic regression analysis was the diagnosis (PD versus control 

group), whereas the independent variables were the neuropsychological tests.  
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The second set of analyses was conducted to examine the cognitive profile of PD in a 

manner similar to the procedures typically employed in clinical practice. Standard scores, 

either scaled scores (M = 10; SD = 3) or T -scores (M = 50; SD = 10), were derived 

from available normative data for each neuropsychological measure. Normative data 

provided in test manuals were used. Normative data for some tests were taken from 

the following sources: BNT – Marien et al. (37); Trail Making Test, Stroop Color Word 

test, RBMT and COWAT – Schmand et al. (35); MWCST – Lineweaver et al.(38) For the 

TOLDX test and Clock Drawing Test residual scores were used. These residual scores 

were determined in three steps. First, regression equations were calculated in the control 

group with demographic variables as predictors of test performance. Second, these 

regression equations were applied to the PD group and a predicted score for both tests 

was obtained. Lastly, by subtracting the subjects’ predicted score from their observed 

score residual scores were obtained. 

Since normative data for the WAIS–R Digit Symbol test have been collected relatively 

long time ago and are not adjusted for effects of education, it is possible that these 

norms may be less applicable to contemporaneous samples due to the so called Flynn–

effect.(39) To deal with this issue, we corrected the norms for this test by subtracting one 

standard deviation from the observed scores. 

Frequency of cognitive dysfunction  

A test score was categorized as impaired if it was at least two standard deviations below 

the mean score of the normative sample after correction for age and (if possible) for level 

of education. Cognitive dysfunction was considered to be present if performance on 

three or more neuropsychological tests was impaired. This criterion was chosen in order 

to minimize the possibility that compromised performance reflects a chance finding due 

to the large number of measures employed. Based on this criterion, PD patients were 

assigned into cognitively impaired or cognitively intact group.

Demographic and clinical correlates of cognitive dysfunction

The following variables were obtained as candidate predictors of cognitive dysfunction: 

age, gender, years of formal education, and premorbid IQ. 

To examine the relationship between cognitive dysfunction and specific motor signs of PD, 

the motor section of the UPDRS was subdivided into six domains.(40) Facial expression 

was quantified with item 19. Tremor score was calculated by adding item 20 (tremor at 

rest) and item 21 (action or postural tremor of hands). Rigidity was measured with item 

22. Bradykinesia was evaluated with combination of items 24 (hand movements), 25 

(rapid alternating movements of hands), 26 (leg agility) and 31 (body bradykinesia and 
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hypokinesia). Speech was rated with item 18. Lastly, a score for axial impairment was 

obtained by adding item 27 (arising from a chair), item 28 (posture), item 29 (gait) and 

item 30 (postural stability). For each sign a five -step severity gradation was used, with 

zero representing absence and four representing maximum severity of that sign.

The cognitively impaired and cognitively intact PD groups were contrasted with respect 

to demographic and clinical characteristics to identify variables associated with cognitive 

dysfunction in PD. Differences between cognitively impaired and cognitively intact PD 

patients with respect to age, education, premorbid intelligence, age at onset of disease, 

disease duration, MMSE score and LED were analyzed using t -test for two independent 

samples. Mann-Whitney test was used to explore the association between cognitive 

dysfunction and UPDRS Motor section score, specific motor symptoms, Hoehn and Yahr 

scale, HADS total score, HADS-Depression and HADS-Anxiety scores, and functional 

capacity as assessed with the SE and the Barthel scale. The association between cognitive 

impairment and gender was analyzed with chi–square test. Subsequently, all variables 

that were associated with cognitive decline in these univariate analyses were entered 

into a multiple logistic regression analysis to assess their independent predictive value 

for cognitive impairment. The dependent variable in the logistic regression analysis was 

the cognitive status (intact vs. impaired PD patients), whereas the independent variables 

were demographic and clinical characteristics. A backward selection approach was used 

such that all predictors were entered into the regression model, and the nonsignificant 

predictors were removed one by one until only significant predictors remained. The 

independent predictive values of the variables in the final regression model were 

expressed in odds ratios (ORs) with their 95% confidence intervals (CI). P values of .05 

or less were considered significant. All analyses were carried out using SPSS statistical 

package version 11.0.

Results

Demographic and clinical characteristics 

Demographic and clinical characteristics of the PD and control groups are shown in Table 

1. PD patients were older and had lower educational level than controls. There were no 

differences between the groups with respect to gender distribution, DART-IQ estimate, 

MMSE score or handedness as assessed by a modification of Annet’s inventory.(17) The 

PD group exhibited greater affective changes as reflected by a higher HADS total score, 

which was primarily due to increased level of depression, whereas no group differences 

were observed on HADS–Anxiety subscale. The average degree of motor disorder for 

the PD group fell within the mild to moderate range as evaluated by the Hoehn and Yahr 
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rating scale and the UPDRS Motor section. Assessment of functional status revealed that 

patients viewed themselves as independent in most daily activities (Table 1).

Table 1. Demographic and clinical characteristics of PD patients and healthy controls (HC).

Variable PD (n = 115) HC (n = 70) p-value

M SD M SD

Age 66.2 10.1 63.7 7.3 0.05

Gender (M/F) 61/54 37/33 0.98

Education (years) 11.7 2.4 12.4 2.2 0.04

DART-IQ 103.5 21.4 105.6 16.6 0.45

Handedness (R/L/A) 98/13/4 62/6/2 0.81

MMSE 27.9 1.6 28.3 1.4 0.09

HADS 10.3 7.4 7.3 4.3 0.04

HADS-D 4.8 3.8 2.7 2.4 < 0.001

HADS-A 5.4 4.2 4.7 2.6 0.74

Duration of PD (months) 18.8 10.7

UPDRS (Motor section) 16.8 7.8

Hoehn & Yahr scale 1.8 0.7

SEADL (%) 90.4 6.7

Barthel scale 19.6 1.1

LED (mg/day)10 145.6 142.5

DART=Dutch Adult Reading Test; MMSE=Mini Mental State Examination; HADS=Hospital Anxiety and 
Depression Scale; HADS-D=Depression subscale; HADS-A=Anxiety subscale; UPDRS=Unified Parkinson’s 
disease Rating Scale; SEADL=Schwab and England Activities of Daily Living Scale; LED=Levodopa equivalent 
dose.

Neuropsychological performance of PD patients and control subjects

One–way multivariate analyses of covariance (MANCOVAs) with age, premorbid IQ and 

(where appropriate) speed composite measure as covariates showed differences between 

PD patients and control subjects across all cognitive domains (Table E-1). Patients with PD 

performed worse than controls on 20 of the 28 neuropsychological measures employed in 

the present study. Within the domain of psychomotor speed, differences were significant 

for each of the four measures after univariate analyses. On tests of attention, univariate 

differences on Digit span backward and Trail Making Test B accounted for multivariate 

results. The PD group showed poorer performance on a measure of language function. 

Within the memory domain, PD patients performed consistently worse than controls on 

all tests except on measures of delayed word recognition and visual associative learning. 

Univariate differences with respect to MWCST number of categories, animal and letter 

fluency, Tower of London test and WAIS Similarities test accounted for the multivariate 

differences in executive functioning. Multivariate difference between the PD and control 
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groups in the visuospatial domain was due to Judgment of Line Orientation test and GIT 

spatial task. 

Negative effect sizes (indicating poorer performance in the PD group) were observed 

on 27 of 28 cognitive measures (Table E-1). The effect sizes for tests of psychomotor 

speed ranged from small to large. The effect size for the Digit Symbol test was large 

even after correction for processing speed, which suggests that impaired performance 

on this measure may reflect some problems in attention or executive function rather than 

bradyphrenia. The effect sizes for tests of attention ranged from negligible to moderate. 

Performance on a measure of language function corresponded to a medium effect. The 

largest effect sizes in our PD group were observed for the memory domain, particularly 

on tests of immediate recall and to slightly lesser extent on measures of delayed recall. In 

contrast, measures of associative learning and delayed word recognition corresponded to 

small differences in performance between PD patients and controls. Within the domain of 

executive function, the effects sizes were found to be small for word fluency tasks, while 

performance on measures of set -shifting, planning and abstract reasoning corresponded 

to medium effect sizes. Finally, in the area of visuospatial functions, the effect sizes were in 

the small range for one measure and in the medium range for the remaining two tests. 

Since depression may exacerbate cognitive impairments in patients with PD (41), 

MANCOVAs were rerun with the HADS-Depression score as a covariate in addition to age 

and premorbid IQ. The results indicated that the pattern of performance was essentially 

the same as in the original analyses. The changes were observed only on Trail Making 

Test A, which was no longer significant.

To determine which tests had greatest ability to differentiate PD patients from controls, 

we conducted a logistic regression analysis (forward stepwise method). All cognitive 

measures were entered into the regression analysis as independent variables, while the 

diagnosis (PD versus control group) was the dependent variable. This analysis identified 

five tests as best discriminating cognitive measures between the PD and control groups: 

WAIS Digit Symbol test, RAVLT trials 1–5, WMS–III Faces immediate recognition test, 

Tower of London test, and Trail Making Test A. The Digit Symbol test and Trail Making 

Test A involve a strong motor component and time constraints. Therefore, differences 

between PD patients and controls on these tests might be due to the motor disorder. In 

order to address this possibility, the logistic regression analysis was repeated excluding 

the Digit Symbol test and Trail Making Test A. The results indicated that RAVLT trials 1-5, 

Tower of London test, WMS -III Faces immediate recognition test, and RBMT immediate 

story recall were measures that most effectively differentiated patients from controls. 

This set of variables correctly classified 77% of the cases (86% of PD patients and 63% 

of controls).
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Clinical significance of cognitive impairments in PD patients

To determine to what degree cognitive impairments in PD patients were clinically 

significant, their performance on each measure was compared with published normative 

data. The highest frequency of impairment was observed on the Trail Making Test B 

(16%), followed by WAIS Similarities (14%), Digit Symbol test (12%), RBMT Logical 

Memory test delayed recall (11%), Clock Drawing Test (11%), supermarket fluency (11%), 

Tower of London test (10%) and animal fluency (10%). The frequency of impairment was 

less than 10% on the remaining tests (Table E-2).   

Frequency of cognitive dysfunction

Twenty-seven (23.5%) PD patients exhibited cognitive dysfunction, defined as impaired 

performance on at least three neuropsychological tests (Table 2). In comparison, three 

(4.3%) controls had evidence of cognitive impairment based on this criterion (χ² = 11.797; 

p = 0.001)(Table 2). The cognitively impaired PD group displayed deficits on measures 

of psychomotor speed, language, attention and executive functions, memory, and 

visuospatial abilities (Figure 1). The lowest frequency of impairment was observed in the 

domain of language (22%), while deficits were found to be most frequent in the domain 

of attention/executive functions (100%)(Figure 1).

Table 2. Number of impaired tests and percentages of PD patients and healthy controls (HC) demonstrating 
impairments. 

Number of tests impaired % PD patients % HC

0 37.4 68.6

1 24.3 20.2

2 14.8 7.1

3 8.7 2.9

4 3.5 1.4

≥ 5 11.3 -

Demographic and clinical variables associated with cognitive dysfunction 
in PD

The cognitively impaired PD group was older, included disproportionally more males, 

had a later onset of disease, greater overall severity of disease, higher depression score, 

and more severe axial symptoms and speech impediments than the cognitively intact 

PD group. There were no differences between the groups with respect to premorbid 

intelligence, education, duration of PD, severity of tremor, bradykinesia, rigidity and 

facial mobility, anxiety -related symptoms, functional status and LED. No difference was 
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observed between cognitively intact and cognitively impaired PD groups with regard to 

the MMSE score, suggesting mild degree of cognitive dysfunction (Table E-3).  

Those variables shown to be associated with cognitive dysfunction after univariate analyses 

were submitted to a multiple logistic regression model (backward stepwise method). 

Since all normative data sets used in this study include adjustment for effects of age, 

and thus age was accounted for already by the assignment of patients into cognitively 

intact and impaired groups, this variable was not included in the regression analysis. 

Furthermore, the UPDRS Motor section score and the Hoehn and Yahr scale were not 

included in the analysis. Although these two variables differed significantly between 

cognitively intact and cognitively impaired patients in the univariate analyses, differences 

on these measures were probably due to axial impairment and speech disorder, since 

other motor symptoms were comparable across the two PD groups. Thus, five variables 

were submitted to the regression analysis: gender, age at disease onset, axial symptoms, 

speech disorder, and depression score (HADS-D). The results showed that only age at 

disease onset was an independent predictor of cognitive dysfunction in PD (OR = 1.06; 

95%CI = 1.01 – 1.12; p = 0.02).

Figure 1. The frequency of impairment across different cognitive domains within the group of cognitively 
impaired PD patients (n = 27).
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Discussion

The present study examined the frequency and nature of cognitive impairments in 

a cohort of patients with newly diagnosed PD by comparing their performance on a 

comprehensive battery of neuropsychological tests with that of healthy control subjects, 

and with available normative data used in clinical assessment. 

The results indicate that 24% of patients in our PD sample show evidence of cognitive 

dysfunction. In comparison, 4% of control subjects were cognitively impaired. Compared 

to either healthy control subjects or normative data, PD patients exhibited impaired 

performance on a wide range of standardized neuropsychological tests. However, 

further analysis of individual test performances revealed that deficits in the domains 

of memory, and attention and executive function constitute the core impairment. The 

proportion of PD patients with cognitive dysfunction in this study is somewhat lower 

than in one previous report, in which evidence of cognitive impairment was found in 

36% of 159 newly diagnosed patients from a community sample.(42) However, we used 

more stringent criteria to define cognitive dysfunction; this is probably the reason for a 

lower frequency of impairment.

When the magnitude of cognitive deficits as expressed in effect sizes was taken into 

consideration, only deficits in certain aspects of memory function (i.e. immediate and 

delayed recall) and more complex tests of attention (i.e. Digit Symbol test) appeared to be 

substantial, whereas decrements on simple measures of attention and processing speed, 

as well as on tests of language and visuospatial functions were found to be minimal 

or moderate. Similar findings were observed when the logistic regression analysis was 

performed on the neuropsychological test battery. This analysis indicated that the Digit 

Symbol test differentiated patients with PD from control subjects more effectively than 

other neuropsychological tests. After excluding tests that depend on processing speed, 

measures of immediate memory and executive functioning could account for many of 

the observed group differences in cognitive performance. In contrast, none of the tests 

purported to measure language and visuospatial functions were entered in the final 

regression model, suggesting that decreased performance of PD patients on these tests 

may not reflect truly independent deficits. 

The highest frequency of clinically significant cognitive impairments in the PD group was 

observed on tests of attention and executive functions, and memory (Table E-2). Thus, 

comparison to normative data confirms that deficits in attention and executive function, 

and memory are most prominent features of cognitive dysfunction in patients with PD 

relative to other cognitive domains.

Although fairly frequent impairment was also observed on the Clock Drawing Test (11%), 

this finding should be viewed with some caution. Since normative data for the Clock 
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Drawing Test are not available, residual scores were used to define impaired performance. 

This may be less accurate than standard scores obtained from well -established normative 

data. Another possible explanation for a relatively high rate of impairment on the Clock 

Drawing Test is that, in addition to measuring constructive ability, this test also involves 

aspects of executive functions. Similarly, other measures used to assess visuospatial 

functions (i.e. GIT spatial task, JOLO) also require one or more executive components such 

as spatial reasoning and strategy formation, which are likely to influence performance on 

these tasks. Thus, it is possible that the observed changes on visuospatial tasks may be 

due to executive deficits. Our findings from the logistic regression analysis also argue 

against an independent deficit in visuospatial abilities.

The relatively frequent impairment on the Boston Naming Test in our PD sample (9%) 

is unexpected. The highest frequency of impairment in our control group was found to 

be on the BNT, with 6% of subjects exhibiting impaired performance. Since our control 

subjects reported to be free of any cognitive complaints and, in addition, were screened 

for cognitive decline before inclusion in the study, the rate of impairment on the BNT is 

rather surprising. Because normative data for the BNT were obtained from the Dutch 

speaking Belgian sample, it is possible that the present findings are due to differences in 

linguistic ability between Dutch and Belgian populations.

Our results indicate that later onset of disease is an independent predictor of cognitive 

impairment in patients with PD. This finding is in accordance with a number of cross 

–sectional (43) and longitudinal studies (44), in which older age at disease onset was 

reported to be associated with greater cognitive decline in patients with PD, although 

such a relationship was not consistently observed.(45) 

In this study, levodopa equivalent dose (LED) was comparable across the cognitively 

impaired and cognitively intact PD groups. Moreover, only one patient in our sample was 

taking anticholinergic medication. Thus, cognitive disturbances in our PD patients cannot 

be attributed to drug treatment, but are likely to be directly related to the pathology of 

the disease.  

Our findings show that depression is not associated with cognitive impairment in PD 

after correction for the effects of other clinical features of the disease. Moreover, 

when performance of the PD group as a whole was compared with that of healthy 

control subjects, the pattern of cognitive impairments remained essentially the same 

when depressive symptoms were controlled in the analysis. This suggests that cognitive 

deficits in our PD patients cannot be explained by the presence of depression. Our results 

differ from one previous study, which reported that depression exacerbates cognitive 

impairments in the early stages of PD.(46) However, assessment of affective status in our 

study focused exclusively on mood -related symptoms, while this earlier report evaluated 

depressive symptoms with an instrument containing somatic items. It is, therefore, 
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possible that their measure of depression was influenced by physical rather than affective 

symptoms of PD. In addition, this discrepancy in findings may be due to different methods 

of assessment of cognitive functions.  

Examination of the relationship between impairment of motor functions and the degree 

of cognitive disturbance in PD has been regarded as a standard clinical approach to 

determine whether the pathology underlying both types of disorders involves the same 

neural systems. In this study, the degree of cognitive dysfunction was not associated with 

the severity of any of the cardinal motor symptom triad of bradykinesia, tremor or rigidity, 

which are thought to result from nigrostriatal dopaminergic deficiency. This finding 

suggests that cognitive dysfunction in early PD patients may reflect neuropathological 

changes that are distinct from those responsible for the motor disorder. Further 

support for this assumption is the lack of association between cognitive impairment 

and dopaminergic medication. In addition, the observation that cognitively impaired PD 

patients exhibited greater severity of speech deficits and axial impairments (disorders of 

gait and posture), which are believed to be predominantly mediated by nondopaminergic 

systems, also provides support for the contention that neural changes distinct from those 

underlying the motor disorder are likely to play a substantial role in the pathogenesis of 

cognitive dysfunction in PD. 

Our study has several strengths. First, a relatively large sample of consecutive PD patients 

was included. Our sample was generated by including every newly diagnosed patient 

who was directly referred from the community to general neurology outpatient clinics. 

Since we wanted to determine which cognitive impairments are likely to occur first in 

PD, patients suspected of global cognitive decline, as indicated by the MMSE score, were 

excluded from the study. This, however, resulted in exclusion of only four subjects. No 

other behavioral criteria were used to select the patients for the present study. Thus, our 

sample is likely to be representative for the population of newly diagnosed patients with 

PD. Second, neuropsychological assessment performed in our study examined a wide 

range of cognitive domains. Third, two analytical approaches were used in this study to 

assess neuropsychological performance of PD patients, including comparison to healthy 

controls on composite measures of specific cognitive domains and on individual tests, 

and comparison with clinical criteria of impairment. 

This study also has several limitations. An important consideration in studies of patients 

with early PD concerns the accuracy of the clinical diagnosis. Clinicopathological studies 

indicate that there is a certain percentage of patients with clinical diagnosis of PD, in whom 

the diagnosis may not be confirmed by neuropathological examination.(47) Although we 

cannot exclude that some patients in our sample might have been misdiagnosed, we 

minimized this possibility by including only patients whose diagnoses were confirmed by 

the neurological examination performed as a part of the study. Furthermore, since the 
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degree of motor disorders and cognitive impairments in our PD sample was relatively 

mild, it is possible that meaningful associations between cognitive functioning and motor 

symptoms may have been left undetected. Finally, the available normative data sets for 

some tests are of better quality than for other tests. For example, not every test permits 

a correction for level of education. This might have distorted somewhat the profile of 

cognitive impairments. 
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Table E-1. Neuropsychological test findings (raw scores) of PD patients and healthy controls (HC).

PD (n = 115) HCS (n = 70) F p-value Cohen’s d

Measure M SD M SD

Psychomotor speed – MANCOVA: F = 15.76; p < 0.001   

Digit Symbol test 36.9 12.0  49.8 10.9 61.41 < 0.001 -0.93†  

Trail Making Test A     49.4 19.4 39.8 13.9 8.26 0.005 -0.55

Stroop test (word reading) 50.6 12.7 43.8 7.3 12.13 0.001 -0.62

Stroop test (color naming) 66.6  15.6  57.7 10.4 13.16 < 0.001 -0.38†

Attention – MANCOVA: F = 4.58; p = 0.002*

Digit span forward 11.9 2.8 11.9 3.1 0.42 0.517 0

Digit span backward 7.9 2.6 9.5 2.7 11.99 0.001 -0.61

Trail Making Test B* 136.5 84.4 86.9 31.2 8.79 0.003 -0.51†

Stroop interference test*   135.7 74.5 103.3 35.8 3.56 0.061 -0.35†

Language   

Boston Naming Test 53.5 4.1 55.5 3.1 9.00 0.003 -0.53

Memory – MANCOVA: F = 11.17; p < 0.001 

RAVLT trial 1-5 39.0 9.7 48.5 8.9 41.09 < 0.001 -1.01

RAVLT delayed recall 7.9 2.8 10.3 3.0 23.77 < 0.001 -0.83

RAVLT recognition 27.8 2.2 28.6 2.2 3.66 0.057 -0.36 

RBMT immediate recall      13.6 5.4 18.8 5.4 37.63 < 0.001 -0.96

RBMT delayed recall 10.1 5.3 14.7 5.2 30.76 < 0.001 -0.87

WMS-III Faces immediate 31.4 4.3 34.7 3.8 23.49 < 0.001 -0.80

WMS-III Faces delayed 35.0 4.0 37.7 3.6 16.74 < 0.001 -0.70

Visual Association Test 11.6 0.8 11.8 0.5 2.23 0.137 -0.29

Executive functions – MANCOVA: F = 5.19; p < 0.001* 

MWCST, no categories  3.9 1.8 5.0 1.3 17.22 < 0.001 -0.68

MWCST, no errors 10.2 5.7 7.7 5.7 4.25 0.041 -0.44

MWCST, no perseverations 6.2 6.1 3.4 4.3 7.02 0.009 -0.51

Animal fluency* 19.1 5.4 22.3 4.9 8.57 0.004 -0.49† 

Supermarket fluency* 19.7 5.5 22.4 4.1 5.85 0.017 -0.43†

COWAT letter fluency* 28.7 10.8 35.3 9.6 8.55 0.004 -0.48†

Tower of London test* 5.6 2.1 7.2 2.0 18.12 < 0.001 -0.68†

WAIS-III Similarities          20.6 6.0 24.5 5.0 19.93 < 0.001 -0.69

Visuospatial/constructive skills – MANCOVA: F = 4.93; p = 0.003   

JOLO 23.3 4.5 25.5 4.0 8.63 0.004 -0.51

GIT spatial task 9.2 3.3 11.3 3.4 11.96 0.001 -0.63

Clock Drawing Test 12.6 1.3 13.0 1.1 2.77 0.098 -0.33

MANCOVA=multivariate analysis of variance with age, premorbid IQ as covariates. *MANCOVA with 
composite measure of processing speed (T Trial A + T Stroop I / 2) as covariate, in addition to age 
and premorbid IQ. †Cohen’s d corrected for processing speed. RAVLT=Rey Auditory Verbal Learning 
Test; RBMT= Rivermead Behavioral Memory Test; WMS=Wechsler Memory Scale; MWCST= Modified 
Wisconsin Card Sorting Test; COWAT= Controlled Oral Word Association Test; WAIS=Wechsler Adult 
Intelligence Scale; GIT= Groningen Intelligence Test; JOLO=Judgment of Line Orientation.
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Table E-2. Neuropsychological tests and percentages of impaired PD patients and healthy controls (HC) 
on each test. Impairment was defined as a score below –2SD of age and (if possible education) norms. 

Measure

n* % PD patients 
impaired

n % HC impaired

Psychomotor speed

Digit symbol test 106 12 70 1

Trail Making Test A 115 7 70 1

Stroop test (word reading) 115 8 70 3

Stroop test (color naming) 115 3.5 70 1

Attention

Trail Making Test B 115 16 70 0

Stroop interference test 115 6 70 3

Language

Boston Naming Test 114 9 70 6

Memory

RAVLT trial 1 -5 115 1 70 0

RAVLT delayed recall 115 1 70 0

RBMT immediate recall 115 9 70 4

RBMT delayed recall 114 11 70 4

WMS -III Faces immediate 115 1 70 0

WMS -III Faces delayed 115 0 70 0

Visual Association Test 113 0 70 0

Executive functions

MWCST, no categories 115 5 70 0

MWCST, no errors 112 0 70 0

MWCST, no perseverations 112 0 70 0

Animal fluency 115 10 70 3

Supermarket fluency 115 11 70 1

COWAT letter fluency 115 4 70 3

Tower of London test 115 10 70 4

WAIS -III Similarities 115 14 70 4

Visuospatial/constructive skills

JOLO 110 3 70 0

GIT spatial task 115 9 70 4

Clock Drawing Test 115 11 70 4

RAVLT=Rey Auditory Verbal Learning Test; RBMT=Rivermead Behavioral Memory Test; WMS=Wechsler 
Memory Scale; MWCST= Modified Wisconsin Card Sorting Test; COWAT= Controlled Oral Word Association 
Test; WAIS=Wechsler Adult Intelligence Scale; GIT= Groningen Intelligence Test; JOLO=Judgment of Line 
Orientation. *Varies due to missing values or unavailable norms for older subjects.
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Table E-3. Demographic and clinical characteristics of cognitively intact and cognitively impaired PD 
patients.

Variable Intact PD group (n = 88) Impaired PD group (n = 27) p-value

M SD M SD

Age 64.9 10.4 70.3 8.1 0.02

Gender (M/F) 42/46 19/8 0.04

Education (years) 11.6 2.3 11.7 2.7 0.83

DART -IQ  104.4 21.0 100.4 23.0  0.39

Age at onset of PD 63.4 10.4 68.6 8.1 0.02

Duration of PD (months) 18.5 10.9 19.9 10.4 0.54

UPDRS (Motor section) 16.0 7.8 19.5 7.5 0.02

Tremor 2.4 1.9 2.2 1.9 0.56

Bradykinesia 5.9 3.1 7.1 3.3 0.08

Rigidity 2.9 2.2 3.7 2.3 0.08

Axial symptoms 1.5 2.0 2.4 1.9 0.01

Speech 0.4 0.5 0.7 0.7 0.03

Face 1.0 0.7 1.3 0.7 0.10

Hoehn & Yahr scale 1.7 0.7 2.1 0.7 0.01

MMSE 28.0 1.5 27.4 1.6 0.06

HADS 9.9 7.7 11.3 6.3 0.23

HADS -D 4.5 3.8 5.9 3.6 0.05 

HADS -A 5.4 4.4 5.4 3.4 0.72

SEADL (%) 90.7 6.9 89.3 6.2 0.26

Barthel scale 19.6 1.2 19.6 0.8 0.52

LED (mg/day) 132.9 144.8 186.7 128.8 0.09

DART=Dutch Adult Reading Test; UPDRS=Unified Parkinson Disease Rating Scale; MMSE=Mini Mental 
State Examination; HADS=Hospital anxiety and depression scale; HADS-D=Depression subscale;
HADS-A=Anxiety subscale; SEADL=Schwab and England Activities of Daily Living Scale; LED=Levodopa 
equivalent dose.
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Abstract

Objective

To determine clinical heterogeneity in newly diagnosed Parkinson’s disease using cluster 

analysis and to describe this subgroups in terms of impairment, disability, perceived 

quality of life, and use of dopaminergic therapy.

Methods

We conducted a k-means cluster analysis in a prospective hospital based cohort of 

133 patients with newly diagnosed Parkinson’s disease. Variables selected for the 

cluster analysis were age of disease onset, age at the moment of examination, rate of 

disease progression, levodopa responsive PD symptoms and levodopa non-responsive 

PD symptoms, cognition (minim mental state examination) and emotional functioning 

(hospital anxiety depression scale). Additionally, the homogeneous subgroups identified 

were clinically validated using descriptive statistics.

Results

Cluster analysis with a two-cluster solution identified a younger and older age group. 

The three-cluster solution identified an intermediate group with respect to age. In both 

cluster solutions the older the onset group, the higher the progression rate and the level 

of motor impairments. The intermediate older onset group in the three cluster solution 

was characterized by more anxiety and depressive symptoms. Increasing age at disease 

onset was significantly associated with higher Hoehn and Yahr stages, level of disability 

and lower perceived quality of life.

Conclusion

We hypothesize there are three distinct subgroups in patients with newly diagnosed 

PD; a younger onset group, an intermediate older onset group with more anxiety and 

depressive symptoms and an oldest onset group with more motor impairment and higher 

rate of progression.
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Introduction

Parkinson’s disease (PD) is one of the most prevalent neurodegenerative diseases (1% 

of the population older than age 60 years) and it has a major impact on activities of 

daily living and perceived quality of life.(24) In the literature there is consensus about 

the fact that PD is a heterogeneous disease. Heterogeneity can be described on clinical 

phenotype, on pathological examination, on genetics and on brain imaging.(10) In clinical 

practice the heterogeneity in clinical phenotype is most important.

Several population and hospital based studies confirm this clinical heterogeneity.(4,13, 

17,27) Three studies used cluster analysis as a statistical way to explore the presence 

of different clinical subgroups. One study described three different subgroups “motor 

impaired only”, “motor and cognitive impaired”, and “rapidly progressive”.(13) Another 

study identified four subgroups “younger disease onset”, “tremor dominant”, “non-tremor 

dominant”, and “rapid motor progression”.(17) The most recent study described three 

subgroups “younger onset”, “older onset” and “older onset with cognitive impairment 

and rapid disease progression”.(25) These studies were conducted in a PD population 

with mean disease duration of 7-8 years. 

To replicate and validate the above findings for early PD we assembled a hospital based 

cohort of consecutive newly diagnosed patients to investigate the presence of clinical 

heterogeneity. We performed a k-means cluster analysis to identify homogeneous 

subgroups and clinically validated these patient groups in terms of their level of 

impairment, disability, perceived quality of life and use of dopaminergic therapy.

Methods

Patients

The study population comprised consecutive patients with newly diagnosed PD recruited 

between July 2002 and March 2005 from the neurology outpatient clinics of six general 

hospitals in the Netherlands (Meander Medical Center Amersfoort, Medical Center 

Alkmaar, Academic Medical Center Amsterdam, St. Lucas–Andreas Hospital Amsterdam, 

Slotervaart Hospital Amsterdam, and OLVG Amsterdam). The clinical diagnosis of PD 

was based on standard criteria.(11) Exclusion criteria were age of 85 years or older, 

insufficient command of the Dutch language and the presence of somatic illness with 

a life expectancy of less than a year. The patients were participants in a longitudinal 

research project investigating the course of functional status and its determinants in 

PD. The data presented here were obtained at the baseline assessment. Neurological 

assessment was carried out in the hospital or at the subjects’ home. Written informed 
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consent was obtained from all subjects after the nature of the study was fully explained. 

The study was approved by the local ethics committees of the participating hospitals.

Demographics

A detailed neurological examination was performed in all patients to check the diagnosis 

of PD. Demographic characteristics, disease duration, initial symptoms, initial side of 

symptoms and the use of drugs for PD were recorded. The duration of disease was 

defined as the time between the appearance of the first symptom of PD as reported 

by the patient and the moment of assessment. This way of defining disease duration is 

prone to recall bias, but good agreement is reported when comparing medical records, 

family history questionnaire and subject history questionnaire for assessing age at onset 

in PD and all three methods are regarded valid.(23) We pooled different dopaminergic 

(L-dopa and dopaminergic agonists) drugs in a levodopa equivalent dose (LED).(7)

Neurological impairments

The stage of disease was determined with the Hoehn & Yahr rating scale (HY).(14) 

The severity of extrapyramidal symptoms was rated using the Unified Parkinson’s Disease 

Rating Scale Motor Examination (UPDRS-ME).(9) The UPDRS-ME quantifies type, number, 

and severity of extra-pyramidal signs. Total UPDRS-ME scores range from 0 to 108. The 

UPDRS-ME was subdivided into two domains.(16) Motor subscore A included facial 

expression (item 19), tremor score (calculated by adding item 20 (tremor at rest) and item 

21 (action or postural tremor of hands)), rigidity (item 22), bradykinesia (combination 

of items 23 (finger movements), items 24 (hand movements), 25 (rapid alternating 

movements of hands), 26 (leg agility) and 31 (body bradykinesia and hypokinesia)). 

Motor subscore A ranged from 0-88 and represented relatively levodopa responsive 

motor signs of PD. Motor subscore B included speech (item 18) and a score for axial 

impairment (adding item 27 (arising from a chair), item 28 (posture), item 29 (gait) 

and item 30 (postural stability)). Motor subscore B ranged from 0-20 and represented 

relatively levodopa non-responsive motor signs of PD.

Cognitive and emotional impairments

The mini mental state examination (MMSE) was used to assess global cognitive 

dysfunction.(5) The scores range from 0-30, with 24 as a cut-off score for being impaired. 

The hospital anxiety and depression scale (HADS) was used to assess the presence of 

affective disturbances. This is a self -administered 14-item questionnaire particularly suited 

for the assessment of affective status in PD patients since it contains no somatic items 
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which may relate directly to patients’ physical disability. The HADS total score ranges 

from 0-42.(2,19)

Disability

Disability was evaluated using the Schwab and England Activities of Daily Living Scale 

(SE) and the AMC Linear Disability Score (ALDS).(15,18)

The SE was specifically designed for patients with PD and reflects the patient’s ability 

to perform daily activities in terms of speed and independence. ADL ability is measured 

on an 11-point index: ranging form 0% (vegetative function) to 100% (complete 

independence).

The ALDS item bank was developed to quantify functional status in terms of the ability to 

perform ADL using an IRT framework. The original units of the ALDS scale are (logistic) 

regression coefficients, expressed in logits. To make the results easier to interpret, the 

logit scores are linearly transformed into values between 0 (dead) and 100. The value 

1 represents the lowest level and the value 100 the highest level of functional status 

possible.

Perceived quality of life

Patients’ perceived quality of life was measures using the Medical Outcome Study 

36-Item Short-Form General Health Survey (SF-36).(1,21) The SF-36 consist of 8 health 

concepts; physical functioning, role limitation-physical problem, bodily pain, general 

health perception, vitality, social functioning, role limitation-emotional problem and 

mental health. The 8 scales define two distinct components; the physical component 

score (SF-36 PCS) and mental component score (SF-36 MCS). Each dimension is scored 

from 0 to 100. A high score suggests good perceived quality of life.

Clinical phenotypes

The results obtained from cluster analysis are dependent on the selection of variables and 

the number of clusters sought. From a broad range of phenotypic features we selected 

seven predefined variables for the cluster analysis that have been previously highlighted in 

the literature as being significant in disease heterogeneity. These were age, age of disease 

onset, rate of disease progression (calculated as the total score of UPDRS-ME divided by 

disease duration)(17), relatively levodopa responsive PD symptoms (motor impairment 

score A) and relatively levodopa non-responsive PD symptoms (motor impairment score 

B)(16), cognitive (MMSE) and affective (HADS) functioning.(10,13,17,20,25)
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Clinical validation

The subgroups generated by the cluster-analysis were clinically validated by describing 

these patient groups in terms of their level of impairment (HY), disability (SE,ALDS), 

perceived quality of life (SF-36) and use of dopaminergic therapy (LED).

Statistical analysis

Patient and clinical characteristics were summarized using descriptive statistics. Using 

the seven predefined phenotypic features (age, age of disease onset, rate of disease 

progression, relatively levodopa responsive symptoms, relatively levodopa non-responsive 

symptoms, cognitive and affective functioning) a k-means cluster analysis was performed 

with a two- and three-cluster solution. Distances were computed using simple Euclidean 

distance. Since the clinical phenotypes are measured on different scales with different score 

ranges, we standardized these variables before introducing them to the cluster analysis. 

However, the original units of measurements are presented when describing the content 

of the different clusters. The relative size of the of each variable’s contributions to the 

separation of groups were expressed in ANOVA F-statistics. We compared the different 

clusters in terms of clinical outcome parameters (impairment, disability, perceived quality of 

life and use of dopaminergic therapy) using unpaired T-test or Mann-Whitney U-test in the 

two-group comparison, and one-way ANOVA (with Tukey post-hoc test) or Kruskall-Wallis 

for the three-group comparison. Categorical data were analysed using the X2-test.

Results

Demographic and clinical characteristics

Between July 2002 and March 2005 133 patients from the neurology outpatient clinics 

of six general hospitals in the Netherlands were included in our cohort of which 131 had 

complete data with regard to the variables included in the cluster analysis. Patients (54% 

male) had a mean age at onset of 65.1 years, a mean age at examination of 66.7 years 

with mean disease duration of 20 months. The average degree of motor disorder for the 

PD group fell within the mild to moderate range as evaluated by the Hoehn and Yahr 

staging scale (median 2) and the UPDRS-motor section (mean 17.6)(Table 1).

K-means cluster analysis

Cluster analysis with a two-cluster solution identified a younger and older age at onset 

group (Table 2). The younger age group had a mean age at onset of 59.1. Compared 

to the older onset group (mean age of onset = 72.7 years) they had a slower disease 
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Table 1. Patient and clinical characteristics of the 131 newly diagnosed PD patients.

Clinical variables Total (n=131)

Gender (M:F) (%) 54:46:00

Age at onset of symptoms 65.1 (10.4; 30.9-83.5)

(mean yrs (SD, range))

Age at Diagnosis of PD 66.4 (10.4; 32-84.6)

(mean yrs (SD, range))

Age at examination 66.7 (10.4; 32.4-84.9)

(mean yrs (SD, range))

Duration of symptoms at examination 20.0 (11.2; 4.7-83.9)

(mean months (SD, range))

Symptoms at start of the disease (%)

Tremor 45

Bradykinesia/Rigidity 46

Tremor/Bradykinesia/Rigidity 8

Side of symptom onset at start of the disease (%)

Unilateral (R+L %) 74 (36+38)

Two sides asymmetric 14

Two sides symmetric 10

HY-score (%)

1 41

2 47

3 12

4 0

5 0

Sum score UPDRS-ME 17.6 (8.2; 5-40)

(mean (SD, range))

Therapy (%)

No medication 30

Dopaminergic 64

Non-dopaminergic 6

LED when receiving dopaminergic therapy 238.9 (116.9; 10-600)

(mean (SD, range))

YRS = years; SD = standard deviation; HY = Hoehn Yahr staging scale; UPDRS-ME = Unified Parkinson’s 
Disease Rating Scale-motor examination; LED = Levodopa Equivalent Dose.

129

Heterogeneity

proefschrift Bart Post 11 mei.indb   129 18-5-2009   10:02:14



progression and suffered from less severe motor impairment for both relatively levodopa 

responsive and relatively levodopa non-responsive motor signs. With regard to emotional 

functioning no difference between both groups could be observed.

Cluster analysis with a three-cluster solution (Table 3) identified an intermediate group 

with respect to age (mean age of disease onset = 66.4 years). Here again, the older 

the onset group, the higher the progression rate and the level of motor impairments. 

Interestingly, the intermediate older onset group was characterized by a relatively high 

HADS score. Hence, the results suggest that these patients had more anxiety and 

depressive symptoms. The intermediate older onset group in the three cluster solution is 

derived to the greatest extent of the younger group. The intermediate older onset group 

in the three-cluster solution consists of 29 (29/35 = 83%) patients of the younger group 

and 6 (6/35 = 17%) patients of the older group from the two cluster solution.

There were no clinical meaningful differences in cognitive status in both the two- and 

three-cluster solutions.

Validation of subgroups defined by cluster analysis

Table 4 and 5 present the clinical validation of the identified subgroups using outcome 

measures in terms of impairment, disability and perceived quality of life.

In the two cluster solution the younger onset patients had a significant lower HY stage 

(p<0.0001), were less functional disabled as measured with the SE and the ALDS and 

Table 2. Group characteristics in two cluster solution of k-means cluster analysis.

Younger onset 
group (n=73)

Older onset group 
(n=58)

F-value6 P-value

Age (mean, years) 60.7 74.3 95.9 P < 0.0001

Age at onset (mean,years) 59.1 72.7 97.0 P < 0.0001

Disease progression rate 0.8 1.7 61.0 P < 0.0001

(UPDRS-ME1 / disease duration)

Motor Impairment Score A4 (mean) 11.8 19.2 58.7 P < 0.0001

Motor impairment Score B5 (mean) 1.0 4.0 95.4 P < 0.0001

Cognitive impairment (MMSE2, mean) 28.2 26.8 16.3 P < 0.0001

Affective disturbance (HADS3, mean) 10.1 10.6 0.2 P = 0.69

1UPDRS-ME = Unified Parkinson’s Disease Rating Scale motor examination; 2MMSE = Mini mental state 
examination; 3HADS = Hospital Anxiety Depression Scale. 4Score A is the sum of UPDRS-ME items concerning 
facial expression, tremor, rigidity, bradykinesia; these are considered relatively L-dopa responsive. 5Score 
B is the sum of UPDRS-ME items concerning speech and axial impairment (arising from chair, posture, 
postural stability, gait); these are considered relatively L-dopa non-responsive. 6The F tests (one-way 
ANOVA) are used only for descriptive purposes (expressing the relative size of each variable’s contribution 
to the separation of groups) because the clusters have been chosen to maximize the differences among 
cases in different clusters. The observed significance levels are not corrected for this and thus cannot be 
straightforwardly interpreted as tests of the hypothesis that the cluster means are equal.
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had a higher perceived quality of life (SF-36), but only for the physical component. No 

difference could be detected on the mental component. The mean LED when using 

dopaminergic therapy did not differ between the two groups, but unplanned post-hoc 

analyses revealed that in the younger onset group significantly less patient were on 

dopaminergic treatment (younger group 52% and older group 79%, p < 0.01).

Also in the three group cluster solution increasing age at disease onset was significantly 

associated with higher HY-stages and levels of disability (SE, ALDS). The older the onset 

group the lower the perceived quality of life on the physical component. The intermediate 

group had the lowest perceived quality of life on mental component of the SF-36, which 

was statistically different of both other groups. The mean LED when using dopaminergic 

therapy did not differ between the groups. We could not demonstrate a difference in 

number of patient using dopaminergic treatment (younger group 52%, intermediate 

group 63% and oldest group 75%, p = 0.17).

The clinical differences between the groups in the two- and three cluster solution were not 

the result of differences in disease duration (two-cluster p=0.79; three-cluster p = 0.13).

Table 3. Group characteristics in three cluster solution of k-means cluster analysis. 

Younger 
onset 
group 
(n=44)

Intermediate 
older onset 

group
(n=35)

Oldest onset 
group; higher 
rate of disease 
progression, 
more motor 
impairment 

(n=52)

F-test 
value6

P-value

Age (mean, years) 58.3 66.4 74.3 49.9 P < 0.0001

Age at onset (mean,years) 56.7 64.4 72.9 52.4 P < 0.0001

Disease progression rate 0.7 0.8 1.7 37.1 P < 0.0001

(UPDRS-ME1 / disease duration)

Motor impairment Score A4 (mean) 11.4 12.9 19.6 30.2 P < 0.0001

Motor impairment Score B5 (mean) 0.9 1.5 4.2 45.6 P < 0.0001

Cognitive impairment (MMSE2, mean) 28.7 27.1 26.9 13.2 P < 0.0001

Affective disturbance (HADS3, mean) 6.1 17.5 9.0 41.4 P < 0.0001

1UPDRS-ME = Unified Parkinson’s Disease Rating Scale motor examination; 2MMSE = Mini mental state 
examination; 3HADS = Hospital Anxiety Depression Scale. 4Score A is the sum of UPDRS-ME items 
concerning facial expression, tremor, rigidity, bradykinesia; these are considered relatively  L-dopa 
responsive. 5Score B is the sum of UPDRS-ME items concerning speech and axial impairment (arising 
from chair, posture, postural stability, gait); these are considered relatively L-dopa non-responsive. 6The 
F tests (one-way ANOVA) are used only for descriptive purposes (expressing the relative size of each 
variable’s contribution to the separation of groups) because the clusters have been chosen to maximize 
the differences among cases in different clusters. The observed significance levels are not corrected for 
this and thus cannot be straight forwardly interpreted as tests of the hypothesis that the cluster means 
are equal.
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Table 4. Clinical validation in two cluster solution of k-means cluster analysis in newly diagnosed PD 
describing groups in terms of impairment, disability, perceived Quality of Life and use of dopaminergic 
therapy.

Younger onset group 
(n=73)

Older onset group 
(n=58)

P-value7

HY1

I 45 (62%) 9 (16%)

II 28 (38%) 33 (57%)

III 16 (27%) <0.0001

SE2 (mean; SD6) 91.9 (5.4) 87.4 (7.4) <0.0001

ALDS3 (mean; SD6) 85.8 (3.6) 78.5 (11.2) <0.0001

SF-364 (mean; SD6)

Physical component 46.5 (10.0) 40.0 (9.2) <0.0001

Mental component 43.8 (12.4) 45.5 (11.6) 0.45

LED5 (mean; SD6) 223.0 (136.4) 254.0 (97.9) 0.23

1HY = Hoehn and Yahr scale; 2SE = Schwab and England activities of daily living scale; 3 ALDS= AMC 
Linear Disability Scale; 4SF-36 = 36-item Short Form Health Survey; 5LED = Levodopa Equivalent Dose; 6SD 
= standard deviation; 7T-test except HY chi-square and SE Mann-Whitney; p-value can be interpreted in 
the usual way.

Table 5. Clinical validation in three cluster solution of k-means cluster analysis in newly diagnosed PD 
describing groups in terms of impairment, disability, perceived Quality of Life and use of dopaminergic 
therapy.

Younger onset 
group (n=44)

Intermediate older 
onset group (n=35)

Oldest onset group; 
higher rate of 

disease progression, 
more motor 

impairment (n=52)

P-value7

HY1

I 30 (68%) 17 (49%) 7 (13%)

II 14 (32%) 18 (51%) 29 (56%)

III 16 (31%) <0.0001

SE2 (mean; SD6) 92.5 (5.3) 90.3 (5.1) 87.5 (7.9) 0.002

ALDS3 (mean; SD6) 86.2 (3.7) 83.8 (6.0) 78.8 (11.4)*Δ <0.0001

SF-364 (mean; SD6)

Physical component 46.2 (9.8) 45.4 (10.8) 40.0 (9.1)*Δ 0.007

Mental component 49.9 (9.1) 34.8 (11.3)*Ο 47.2 (10.5) <0.0001

LED5 (mean; SD6) 239.8 (131.7) 209.5 (130.3) 257.3 (130.3) 0.31

1HY = Hoehn and Yahr scale; 2SE = Schwab and England activities of daily living scale 3 ALDS = AMC 
Linear Disability Scale; 4SF-36 = 36-item Short Form Health Survey; 5LED = Levodopa Equivalent Dose; 
6SD = standard deviation; 7One way ANOVA except HY chi-square and SE Kruskall-Wallis; p-value can be 
interpreted in the usual way. When One-way ANOVA was  significant then Tukey post-hoc analysis was 
performed: * significantly different compared to younger onset group, Δ significantly different compared 
to intermediate onset group Ο significantly different compared to oldest onset group.

C H A P T E R   6

132

proefschrift Bart Post 11 mei.indb   132 18-5-2009   10:02:15



Discussion

We conclude there are three distinct subgroups in patients with newly diagnosed PD: a 

younger onset group, an intermediate older onset group with more anxiety and depressive 

symptoms and an oldest onset group. The older onset-groups have higher rates of 

disease progression and motor impairment both relatively responsive and relatively non-

responsive to levodopa treatment. These facts are consistent with three recent reviews 

showing higher age at onset as the most important factor for predicting more motor 

impairment and more rapid accumulation of disability.(20,22,26) 

Until now three studies are published using cluster analysis to describe subgroups in 

PD.(13,17,25) In the most recent study Schrag describes three homogeneous groups 

(young onset, older onset and older onset group with cognitive impairment and rapid 

disease progression), which were mainly based on age and age at onset.(25) We confirm 

this result in a group of newly diagnosed PD. The first data driven approach to study 

heterogeneity (13) also identified three subtypes of patients: patients who were motor 

impaired only, patients with motor and cognitive impairment and patients with an older 

age at disease onset who rapidly progressed. The last subtype comes close to the oldest 

onset group in our three-cluster solution. Furthermore looking at their presented data the 

age at onset is getting higher with patients being more impaired. Lewis 3 describes four 

groups of which the young age at onset group and the older rapidly progressive group 

are also in line with our results. Their patients clustered in the non-tremor subgroup 

are more motor impaired and have a higher age at disease onset and can therefore be 

compared to our oldest age at onset subgroup. The data of these studies taken together 

with our results confirm the identification of distinct subgroups in PD, which are mainly 

based on age and age at disease onset.

We did not find subgroups with significant cognitive impairment as opposed to the three 

previous published cluster analysis.(13,17,25) The first reason for this difference can be 

the use of different and more indicators of cognitive impairments in their cluster models. 

Furthermore our population has a lower disease duration then the other three population 

used for cluster analysis. Since cognitive impairments are associated with longer disease 

duration.(3) It is therefore not unlikely that we did not identify a group with clear cognitive 

impairments.

One report identified a tremor and non-tremor subgroup.(17) Our study nor the other 

two studies(13,25) could confirm these findings. Probably these discrepancies can be 

explained by the fact that Lewis used another motor phenotype scoring system (tremor 

score versus non-tremor score). Surprisingly we identified an intermediate older age group 

with more anxiety and depressive symptoms. This group has more anxiety and depressive 

symptoms as measures by the HADS, which results in a lower perceived quality of life on 

133

Heterogeneity

proefschrift Bart Post 11 mei.indb   133 18-5-2009   10:02:15



the SF-36 mental component score. At present we cannot explain this finding, as post-hoc 

analysis did not show differences between groups regarding the use of medication that 

affect mood. But as the HADS has satisfactory clinimetric properties in PD (19) we think 

our findings are plausible, clinical relevant and underscore once more the importance of 

non-motor symptoms in PD.

In contrast to the research groups of Schrag (25) and Lewis (17) we did not enter 

dopaminergic therapy (LED) into our cluster model. In our opinion it is best to include only 

variables, which are biological plausible related to the disease studied. In this way one is 

certain that subgroups created by the cluster analysis are not influenced or modified by 

different treatment regimens.

The cohort we describe is hospital based and so our results cannot be generalized to 

all PD patients in the population, although it gives us inside in the clinical heterogeneity 

for which PD is known in daily practice. A methodological advantage of our study is 

that we assembled an inception cohort of newly diagnosed PD patients at a relatively 

early common point of time in their disease. However a practical disadvantage of this 

approach is the possible change of diagnosis of PD to other forms of parkinsonism during 

follow-up. The other forms of parkinsonism may mimic PD at the beginning of disease 

but have worse prognosis and so may distort our results. For this reason we will follow-up 

our cohort and so in future reports we can address this issue.

Our study results are based on the technique of cluster analysis.(8) The main advantage 

of this statistical approach is that one does not have to make any assumption about 

the classification in advance. However it should be stressed that the choice of variables 

and the number of clusters sought are influencing the results and so different results 

can be obtained using different clinical variables measured with different instruments. 

To resolve this problem in the future there is a need to uniformly describe PD patients 

using a minimal clinical data set of predefined variables and measures. Such an approach 

has already has already been implemented in the evaluation of stereotactic surgery for 

PD.(6) A first attempt for such a dataset is made in an appendix to the new UPDRS which 

provides recommendations about measure to choose to evaluate the different and broad 

range of symptoms in PD.(12)

The identification of different subgroups by cluster analysis serves primarily as a platform 

for hypothesis testing of the existence of clinical phenotype rather than as a definitive 

taxonomy. With this restrictions in mind we hypothesize there are three distinct subgroups 

in patients with newly diagnosed PD; a younger onset group, an intermediate older onset 

group with more anxiety and depressive symptoms and an oldest onset group with more 

motor impairments and higher rate of disease progression. Combining the results of the 

three previous data-driven approaches with our results shows age and age at onset as a 

major clinical factor for sub-grouping patients with PD.
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Abstract

Objective

To identify factors that independently contribute to disability and quality of life (QoL) in 

patients with mild to moderate Parkinson’s disease (PD).

Methods

A group of 190 patients with PD recruited from outpatient clinics and the Dutch PD 

Association participated in this cross-sectional study. Data on demographic and clinical 

factors, motor symptoms, cognitive functions, affective symptoms, comorbidity and 

social support were collected during neurological and neuropsychological examinations. 

Disability was rated using the Schwab and England Activities of Daily Living Scale (SE-ADL), 

the AMC Linear Disability Score (ALDS) and the Functional Independence Measure (FIM). 

QoL was assessed with the Parkinson’s Disease Quality of Life questionnaire (PDQL) and 

the Medical Outcome Study Short Form (SF-36). Multiple linear regression analyses were 

conducted to identify determinants of disability and poor QoL.    

Results

Axial impairment (postural instability and gait difficulty) explained the largest proportion 

of variance in disability. Bradykinesia and comorbidity contributed to disability, but to a 

lesser extent. Self-reported mood symptoms and axial impairment were the two factors 

most closely associated with poorer QoL, but comorbidity and bradykinesia additionally 

contributed to the explanatory power. Semantic fluency and psychomotor skills were the 

only cognitive variables related to some aspects of functional outcome.   

Conclusion

Axial impairment is strongly associated with disability in patients with mild to moderate 

PD. Self-report indices of mood status and axial impairment are identified as the main 

determinants of poor QoL. The results of this study may help to identify patients with PD 

at risk for functional dependence and reduced QoL.        
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Introduction

There has been a recent surge of interest in determinants of functional outcome in 

Parkinson’s disease (PD). Systematic reviews of longitudinal studies (1,2) have identified 

older age at onset, postural instability and gait difficulty (PIGD), bradykinesia, lack 

of tremor at disease onset, depression, and early cognitive impairment as prognostic 

factors for rapid decline in disability. Evidence for the role of axial impairment (PIGD) 

in predicting future disability in PD is particularly compelling.(2) In addition, cognitive 

abilities, including visuoconstructive skills (3), attention (4), set-shifting (5) and verbal 

fluency (6), were reported to be associated with disability in PD. 

Evaluations of quality of life (QoL) are also increasingly used as an outcome measure 

in clinical trials and epidemiological studies on PD.(7) Compared with the general 

population, PD patients report lower levels of QoL in terms of physical, social and 

emotional functioning.(8) Depression was found to be the most consistent determinant 

of reduced QoL in PD.(9) 

There are, however, some limitations in this literature. Several studies have conducted 

univariate analyses only, and thus were unable to determine the independent contribution 

of prognostic variables to functional outcome. The cognitive evaluation was limited in 

most studies. In addition, several factors that may be expected to influence disability and 

QoL, such as comorbidity and social support, have rarely been evaluated.  

We explored the relative contributions of multiple potential predictors to disability 

and QoL in patients with PD using multivariate analyses. We hypothesized that axial 

impairment would be strongly associated with disability, and that mood symptoms would 

be a primary determinant of QoL.

Methods

Subjects

The study population comprised 202 patients with PD who participated in the baseline 

assessment of an ongoing longitudinal project investigating the course of functional 

decline in PD. Details of the case-finding procedure have been published elsewhere.(10) 

In brief, consecutive patients with newly diagnosed PD recruited from the neurology 

outpatient clinics of six general hospitals in Amsterdam and surrounding area in the 

Netherlands, were included (n = 133). In addition, patients were identified from the 

medical records and from the Dutch Parkinson’s Disease Association (n = 69). A diagnosis 

of PD was confirmed by the project neurologist, based on standard clinical criteria.(11) 
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Exclusion criteria were age ≥ 85 years and the presence of somatic illness with a life 

expectancy of less than a year. 

Procedure

The study was approved by the local ethics committees of the participating hospitals. 

Written informed consent was obtained from all subjects after the nature of the study 

was explained. All patients underwent neurological and neuropsychological examinations, 

either in the hospital or at their home, between July 2002 and April 2005.  

Assessments

Explanatory factors

Demographic and clinical characteristics

A semi-structured interview was used to obtain data about age, marital status, education, 

age at onset of PD, current medication, and duration of PD (time between the appearance 

of the first symptom as reported by the patient and the moment of assessment). The 

stage of disease was determined with the Hoehn & Yahr rating scale.(12)

The Cumulative Illness Rating Scale (CIRS) (13) was administered during history taking to 

assess comorbidity. This validated scale (14) rates the severity of comorbid diseases for 

13 organ systems (range 0-52, higher scores indicating more severe comorbidity).Motor, 

cognitive and affective symptoms

The severity of extrapyramidal symptoms was rated using the motor section of the 

Unified Parkinson’s Disease Rating Scale (UPDRS).(15) This scale was subdivided into six 

domains to obtain scores for specific motor symptoms: facial expression, tremor, rigidity, 

bradykinesia, speech, and axial impairment.(16) Furthermore, based on the UPDRS motor 

section, patients were classified in one of three clinical subtypes: akinetic-rigid, tremor-

dominant, and mixed (features of akinetic-rigid and tremor).(17) 

In addition to assessment of global cognitive functioning (MMSE) (18) and premorbid 

intellectual ability (National Adult Reading Test, Dutch version [DART]) (19) we administered 

17 neuropsychological tests to evaluate five cognitive domains: attention and psychomotor 

speed, language, declarative memory, executive function, and visuospatial abilities 

(Table 1).(20) Given the large number of tests, composite z-scores for each domain were 

calculated. All test measures were transformed into normally distributed z-scores using 

the Van der Waerden method. Subsequently, composite scores were computed for each 

cognitive domain by taking the mean of z-scores from the individual tests that contributed 

to the particular domain. Higher z-scores indicate better cognitive performance. The 
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validity of this test classification was found to be satisfactory (Cronbach’s α > 0.7 for each 

cognitive domain, except for language as only one test was used to assess this domain) 

(Table 1).

The Hospital Anxiety and Depression Scale (HADS) (21), which has demonstrated validity 

in PD (22), was used as screening instrument of affective symptoms. This self-administered 

14-item questionnaire is particularly suited for the assessment of affective status in PD 

patients since it contains no somatic items. In addition to the HADS total score, separate 

scores can be calculated for the depression (HADS-D) and anxiety (HADS-A) subscales. 

The proposed cut-off values were used to classify patients as unimpaired (not anxious 

or not depressed, scores ≤ 7 on each subscale), or having possible (scores 8-10 on each 

subscale), or probable (≥ 11 on each subscale) mood symptoms. 

Social factors

The Social Support Scale was used to assess the perceived availability of support (range 

12-60, higher scores indicating lower social support).(23) 

Table 1. Neuropsychological tests and corresponding cognitive domains.

Domain Test Cognitive function
purported to measure

Attention & psychomotor speed WAIS-R Digit symbol
Trail Making Test A & B
Stroop color-word test
Digit span 

visuomotor speed/sustained attention
visual scanning/divided attention 
selective attention/response inhibition
short-term memory/working memory

Language Boston Naming Test confrontation naming

Declarative memory RAVLT
RBMT Logical Memory
WMS-III Faces recognition
Visual Association Test

verbal learning and memory 
verbal memory
visual memory
associative learning

Executive function Modified WCST
Category fluency
COWAT Letter fluency
Tower of London 
WAIS-III Similarities

concept formation/set-shifting semantic 
word retrieval
phonemic word retrieval
planning/problem solving
abstract reasoning/concept formation

Visuospatial ability JOLO
GIT Visuospatial reasoning
Clock Drawing Task 

spatial perception/spatial orientation
mental rotation/spatial reasoning
constructional praxis          

WAIS: Wechsler Adult Intelligence Scale; RAVLT: Rey Auditory Verbal Learning Test; RBMT: Rivermead 
Behavioural Memory Test; WMS: Wechsler Memory Scale; WCST: Wisconsin Card Sorting Test; COWAT: 
Controlled Oral Word Association Test; JOLO: Judgment of Line Orientation; GIT: Groningen Intelligence 
Test.
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Outcome measures

Disability was assessed with three scales: the Schwab and England ADL (SE-ADL) (24), the 

AMC Linear Disability Score (ALDS) (25,26), and the Functional Independence Measure 

(FIM).(27) The SE-ADL is specifically designed to assess ADL in patients with PD on a scale 

ranging from 0% (bedridden) to 100% (completely independent), with 10% intervals. 

The ALDS is a generic instrument which includes ADL and IADL (instrumental activities 

of daily living) items hierarchically ordered from simple (e.g. ‘pushes a chair to the table’) 

to complex (‘travel by local bus, tram or subway’). The total score range is 0 to 100, 

with higher scores indicating better functional ability. The ALDS has been found to have 

adequate clinimetric properties in patients with PD.(28) The FIM, which has demonstrated 

validity for assessment of functional ability (29), contains 18 items that focus on motor 

or cognitive activities (range 18-126, higher scores indicating greater ADL independence).  

QoL was evaluated with a disease-specific instrument, the Parkinson’s Disease Quality of 

Life questionnaire (PDQL) (30), and a generic measure, the SF-36.(31) The PDQL, which 

has adequate clinimetric support (32), is a self-administered measure which contains 37 

items allocated to four subscales: parkinsonian symptoms, systemic symptoms, social 

functioning and emotional functioning. The total PDQL score is 37-185, with higher 

scores indicating better QoL. The SF-36 measures eight health dimensions from which 

two summary scores can be derived, the physical and mental component (range 0-100, 

higher scores indicating better health status). 

Statistical analysis

Demographic and disease-related characteristics were summarized with descriptive 

statistics. Chi-square, Mann-Whitney, and Kruskal-Wallis tests were used for comparison 

between groups, when appropriate.

Spearman rank correlation coefficients were calculated to assess the association 

between explanatory variables and measures of disability and QoL. Because we wanted 

to determine the contribution of specific motor symptoms and cognitive abilities to 

functional outcome, the UPDRS total score and the MMSE score were excluded from the 

analysis.

All significant (p < 0.05) univariately associated explanatory variables were stepwise 

entered into linear multiple regression models with measures of disability and QoL as 

the dependent variables. Analyses were performed using SPSS version 11.0. The level of 

significance was set at p < 0.05, unless otherwise indicated. In view of the explorative 

nature of this study we did not correct for multiple comparisons.(33)
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Results

Description of study population

Of the original 202 patients, 190 completed all assessments and were included in the 

present analysis. No differences in terms of demographic and clinical characteristics, 

disease severity, HADS score, MMSE performance or comorbidity were found between 

patients who did and those who did not participate in the study. Patients who were 

excluded, however, exhibited greater severity of extrapyramidal symptoms as measured 

with the UPDRS motor section. 

Demographic and clinical characteristics, and functional outcome of the patients are 

shown in Table 2. Patients were affected by PD on average for 3.3 years. Most patients 

(70%) had moderate disease severity (i.e. Hoehn and Yahr stages 2-3). Based on the 

HADS-A scores, 21% of patients showed possible anxiety symptoms and 9.5% displayed 

probable anxiety. The HADS-D scores indicated that 15% of the patients exhibited possible 

and 8% probable depressive symptoms. In most patients (97%) MMSE performance was 

within the normal range.

Twenty-one percent of patients were not receiving any medication at time of the 

assessment, 54% were treated with levodopa alone or in combination with other drugs, 

39% were taking a dopamine agonist, 4% amantadine, 4% entacapone, and 2% an 

anticholinergic medication. To calculate total levodopa amount, different drugs were 

pooled in a levodopa equivalent dose (LED) (Table2).(34) 

Table 2. Demographic and clinical characteristics and functional outcome in PD patients (n = 190).

Variable M SD range

Age 65.9 9.5 32-84

Sex

Male 103 (54%)

Female 87 (46%)

Marital status

Married 149 (78%)

Single (unmarried, widowed, divorced) 41 (22%)

Education (years) 11.5 2.3 6-18

Premorbid IQ* 103.7 20.5 67-145

Age at onset of PD 62.6 10.0 30.5-82.8

Duration of PD (years) 3.3 2.7 0.3-11.1

UPDRS Motor section 20.2 9.8 5-49

Tremor 2.8 2.7 0-14

Bradykinesia 7.4 3.9 1-19
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Variable M SD range

Rigidity 3.7 2.5 0-11

Axial impairment 2.2 2.2 0-12

Speech 0.7 0.7 0-3

Facial expression 1.3 0.7 0-3

Clinical subtypes17 

Tremor dominant 70 (37%)

Akinetic-rigid 103 (54%)

Mixed 17 (9%)

Hoehn & Yahr stage 2.0 0.7 1-5

stage I 48 (25%)

stage I.5 8 (4%)

stage II 68 (36%)

stage II.5 38 (20%)

stage III 27 (14%)

stage V 1 (0.5%)

MMSE 27.7 1.9 19-30

HADS 10.3 6.8 0-34

LED (mg/day)34 277.8 287.0 0-1440

Dopamine agonist (n) 74 (39%)

Antidepressants (n) 3 (2%)

Benzodiazepines (n) 6 (3%)

Antipsychotics (n) 1 (0.5%)

Social Support Scale 27.2 4.8 12-43

CIRS 4.8 3.0 0-12

SE-ADL 89.0 7.2 60-100

ALDS 83.9 8.9 27-90

FIM 121.0 5.8 95-126

PDQL summary score 143.7 21.7 70-181

PDQL Parkinsonian symptoms 53.5 9.2 22-68

PDQL Systemic symptoms 26.2 4.7 13-35

PDQL Social functioning 28.5 5.3 okt-35

PDQL Emotional functioning 35.5 5.9 17-45

SF-36 Physical component 42.9 10.0 13.7-67.7

SF-36 Mental component 46.0 11.4 12.1-65.7

UPDRS: Unified Parkinson’s Disease Rating Scale; MMSE: Mini Mental State Examination; HADS: Hospital 
Anxiety and Depression Scale; CIRS: Cumulative Illness Rating Scale; LED: Levodopa equivalent dose; 
SE-ADL: Schwab and England ADL; ALDS: AMC Linear Disability Score; FIM: Functional Independence 
Measure; PDQL: Parkinson’s Disease Quality of Life questionnaire; SF-36: Medical Outcome Study Short 
Form. * Dutch Adult Reading Test.

Table 2. (continued)
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Determinants of disability and poor QoL 

Table E-1 shows the univariate correlations between explanatory factors and measures of 

disability and QoL. Those variables shown to be associated with disability and reduced 

QoL were submitted to stepwise multiple linear regression models (Table E-2).

Axial impairment accounted for 31% of the variance of SE-ADL score. Increasing 

bradykinesia and masked facial expression also contributed to the model. The full model 

explained 35% of the variance of SE-ADL scores. The ALDS was most strongly associated 

with axial impairment, but also higher comorbidity contributed to the model. The full 

model explained 37% of the variance of ALDS. Using the FIM as the dependent variable, 

axial impairment was again identified as the primary contributor. Additional contributing 

factors were comorbidity, masked facies and impairment in executive function. To identify 

the specific components that accounted for the relationship between the composite 

executive domain score and the FIM, a multiple regression analysis was repeated with 

individual tests of executive function as the explanatory variables together with all of the 

factors retained in the initial analysis and with FIM scores as the dependent variable. This 

analysis revealed that semantic fluency task made a unique contribution to the FIM (p ≤ 

0.001). The full model explained 45% of the variance in FIM scores.

The PDQL total score was primarily associated with mood symptoms and axial impairment. 

Increasing bradykinesia, higher comorbidity and levodopa dosage contributed additionally 

to reduced QoL. The full model explained 63% of the variance in total PDQL score. When 

the HADS-D and HADS-A subscales were entered into the model instead of the overall 

HADS score, both depression and anxiety were found to be related to the PDQL, to a 

similar extent. 

The PDQL parkinsonian symptoms subscale was primarily related to axial impairment 

and mood symptoms. Increasing bradykinesia and duration of PD, as well as higher 

comorbidity also contributed to the model. The PDQL systemic symptoms subscore was 

most strongly associated with affective symptoms. Additional proportion of the variance 

was explained by higher comorbidity and levodopa dosage, and the presence of akinetic-

rigid clinical subtype of PD. The PDQL dimension of social functioning was most affected 

by mood symptoms and axial impairment. Additional contributing factors were increasing 

bradykinesia, higher comorbidity and levodopa dosage, and performance on tests of 

attention and psychomotor speed. Further analysis revealed that performance on the 

Stroop test color naming condition accounted for the relationship between attention/

processing speed and social functioning. The emotional functioning subscale of the PDQL 

was primarily related to mood symptoms. Increasing bradykinesia was the only additional 

factor that influenced emotional functioning. The proportion of explained variance in the 
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final models ranged from 40% for PDQL systemic symptoms to 58% for PDQL emotional 

functioning.  

The SF-36 physical component was primarily related to axial impairment. Additional 

variance was explained by higher comorbidity and longer duration of PD. The full model 

accounted for 27% of the variance in SF-36 physical component. The only factor that 

contributed to SF-36 mental  component was the degree of mood symptoms.

Discussion

The present study has four main findings. First, axial impairment (PIGD) was strongly 

associated with disability in this sample of patients with mild to moderate PD. While 

accounting for other potential contributors, axial symptoms alone explained 31 to 37% of 

the variance in disability as measured with one disease-specific (SE-ADL) and two generic 

rating scales (ALDS, FIM). Second, self-reported mood symptoms and axial impairment 

were the main determinants of worse QoL. Third, comorbidity contributed consistently to 

disability and QoL beyond the contribution made by demographic and clinical features of 

PD. Fourth, cognitive changes had little impact on functional outcome once the effect of 

motor and mood symptoms had been taken into account.

As hypothesized, axial impairment contributed most to disability, consistent with a recent 

review of the literature (2),in which greater severity of PIGD was found to be a major 

predictor of rapid progression of disability in PD over time. After accounting for the 

effects of overall disease severity as measured with the Hoehn and Yahr scale, axial 

impairment still emerged as the strongest contributor to disability in each of the three 

final models in this study. In addition, bradykinesia, comorbidity and masked facies were 

also independently associated with greater disability, but the magnitude of their effects 

was rather modest.

The hypothesis that mood symptoms would contribute more to reduced QoL than other

features of PD was substantiated. In our sample, subjective complaints about mood 

problems, as measured with the HADS, accounted for the largest proportion of variance 

in the PDQL summary score, PDQL dimensions of systemic symptoms, social and 

emotional functioning, and emerged as the only independent contributor for the SF-36 

mental component. A strong relationship between the HADS and psychosocial/emotional 

aspects of QoL in particular is likely to be due in part to the similar content measured with 

these instruments. Moreover, the assessments of affective status and QoL both relied 

on self-report, and this may have artifactually increased the extent of their association. 

However, a strong relationship between mood symptoms and QoL in PD patients has 

also been demonstrated in studies using clinician-rated instruments of affective status,35 
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making this explanation less likely. Furthermore, depression and anxiety are common 

and biologically plausible symptoms of PD.(36,37) Therefore, it is conceivable that these 

emotional symptoms contribute to changes in functional outcome in PD. It is important to 

note that a standardized diagnostic interview or a formal psychiatric assessment was not 

conducted in this study, so the classification accuracy of affective problems of the HADS 

cannot be ensured. Nonetheless, there is some evidence suggesting that characterization 

of mood disturbances in PD on a continuum using rating scales may better capture the 

effect of depression on functional outcome than the use of fixed diagnostic criteria.(38) 

Along with mood complaints, PIGD were identified as an important determinant of 

poor QoL, which is in accordance with other studies.(39) For the PDQL parkinsonian 

symptoms subscale and the SF-36 physical component, axial impairment was the 

primary contributor. Additional factors included comorbidity and bradykinesia, which 

independently contributed to five and four out of the seven QoL indices in this study. 

Disease duration and levodopa dosage had small impact on some components of QoL, 

which is consistent with some previous reports.(40) 

The role of comorbidity has rarely been addressed in previous studies examining 

determinants of functional outcome in PD. In this study, comorbidity made a small, but 

significant contribution to functional status, both in terms of disability and QoL, even after 

accounting for the effects of demographic and disease-related characteristics of PD.

In our sample, the impact of cognitive performance on functional outcome appeared to 

be minimal. Only performance on verbal fluency tasks was related to one of the three 

disability measures. This finding supports a recent study (6), in which verbal fluency 

emerged as an independent determinant of disability in non-demented patients with PD. 

Our findings are in contrast to the few existing studies in the literature, in which tests of 

attention (4), set-shifting (5), and visuoconstructive skills (3) were found to be associated 

with disability in PD. A possible explanation for this discrepancy is that these previous 

reports studied demented PD patients (4), used informant-based assessment of ADL status 

(5), or conducted only univariate analyses (3), whereas in the present study self–reported 

measures of disability were employed in a sample with overall mild cognitive dysfunction 

and the independent impact of multiple determinants was examined simultaneously.

Regarding the effect of cognitive changes on QoL, only tests of attention/psychomotor 

speed made a small contribution to the PDQL social functioning dimension. One possible 

explanation for the absence of this association may lie in overall mild nature of cognitive 

impairment in our sample and the relatively limited range of QoL scores, which may have 

reduced the likelihood of obtaining a statistically significant relationship. 

The apparent lack of effects of social support on disability and QoL is puzzling and raises 

questions concerning the usefulness of the Social Support Scale. The validity and reliability 
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of the Social Support Scale in measuring the quality of social support in PD population 

needs to be established before implementing this scale in further studies.   

Strengths of the present study are the relatively large PD sample, a standardized 

assessment of motor function, affective status and functional capacity, the use of both 

disease-specific and generic measures of disability and QoL, the extensiveness of the 

neuropsychological examination, and the fact that multiple potential explanatory factors 

were considered simultaneously in the analysis. Some limitations of this study should also 

be recognized. First, the majority of patients in our study formed a clinic-based sample, 

which may be subject to selection bias. However, these patients were recruited from 

six different general neurological clinics and additional patients were included via the 

Dutch PD Association. Nevertheless, our sample comprised mainly patients with mild to 

moderate PD, thus limiting the generalizations of the present findings to the population 

of PD patients in advanced stages of the disease. Second, a cross-sectional design of this 

study with all assessment conducted at one point in time precludes inferences about 

causality. Third, it is important to note that despite of multiple predictors considered in 

the present analyses, there was still a large proportion of unexplained variance in disability 

and in some QoL measures. This is likely due to the characteristics of our sample, which 

included PD patients with well preserved independence in most daily activities. 

C H A P T E R   7

148

proefschrift Bart Post 11 mei.indb   148 18-5-2009   10:02:16



References
 1 Marras C, Rochon P, Lang AE. Predicting motor decline and disability in Parkinson disease. A systematic 

review. Arch Neurol 2002;59:1724-1728.

 2 Post B, Merkus MP, de Haan RJ, Speelman JD, CARPA Study Group. Prognostic factors for the progres-
sion of Parkinson’s disease: A systematic review. Mov Disord 2007;22:1839-1851.  

 3 Maeshima S, Itakura T, Nakagava M, Kunio N, Norihiko K. Visuospatial impairment and activities of 
daily living in patients with Parkinson’s disease. Am J Phys Med Rehabil 1997;76:383-388.

 4 Bronnick K, Ehrt U, Emre M, et al. Attentional deficits affect activities of daily living in dementia-associ-
ated with Parkinson’s disease. J Neurol Neurosurg Psychiatry 2006;77:1136-1142.

 5 Cahn D, Sullivan EV, Shear PK, Pfefferbaum A, Heit G, Silverberg G. Differential contributions of cogni-
tive and motor component processes to physical and instrumental activities of daily living in Parkinson’s 
disease. Arch Clin Neuropsychol 1998;13:575-583.

 6 Uc EY, Rizzo M, Anderson SW, Qian S, Rodnitzky RL, Dawson JD. Visual dysfunction in Parkinson 
disease. Neurology 2005;65:1907-1913.

 7 Martinez-Martin P, Deutschl G. Effect of medical and surgical interventions on health-related quality of 
life in Parkinson’s disease. Mov Disord 2007;6:757-765.  

 8 Schrag A, Jahanshahi M, Quinn N. How does Parkinson’s disease affect quality of life? A comparison 
with quality of life in the general population. Mov Disord 2000;15:1112-1118.

 9 Schrag A. Quality of life and depression in Parkinson’s disease. J Neurol Sci 2006;248:151-157.

 10 Muslimovic D, Post B, Speelman JD, Schmand B. Cognitive profile of patients with newly diagnosed 
Parkinson’s disease. Neurology 2005;65:1239-1245. 

 11 Gelb DJ, Oliver E, Gilman S. Diagnostic criteria for Parkinson disease. Arch Neurol 1999;56:33- 39. 

 12 Hoehn MM, Yahr MD. Parkinsonism: onset, progression and mortality. Neurology 1967;17:427- 442.

 13 Linn BS, Linn MW, Gurel L. Cumulative illness rating scale. J Am Geriatr Soc 1968;16:622-626.

 14 De Groot V, Beckerman H, Lankhorst GJ, Bouter LM. How to measure comorbidity: a critical review of 
available methods. J Clin Epidemiol 2003;56:221-229.

 15 Fahn S, Elton RI, and members of the UPDRS Development Committee. Unified Parkinson’s disease 
rating scale. In: Fahn S, Marsden CD, Calne DB, Goldstein M, editors. Recent development in Parkin-
son’s disease. Vol. 2. Florham Park, NJ: Macmillan Health Care, 1987:153-163.

 16 Levy G, Tang MX, Cote LJ, et al. Motor impairment in PD: relationship to incident dementia and age. 
Neurology 2000;55:539-544.

 17 Kang GA, Bronstein JM, Masterman DL, Redelings M, Crum JA, Ritz B. Clinical characteristics in early 
Parkinson’s disease in a central California population-based study. Mov Disord 2005;20:1133-1142.

 18 Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical method for grading the cognitive 
state of patients for the clinician. J Psychiatr Res 1975;12:189-198.

 19 Schmand B, Lindeboom J, van Harskamp F. [Dutch Adult Reading Test]. Lisse, The Netherlands: Swets 
and Zeitlinger, 1992.

 20 Lezak MD, Howieson DB, Loring DW. Neuropsychological Assessment, 4th ed. New York: Oxford 
University Press; 2004. 

 21 Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr Scand 1983;67:361-
370.

 22 Marinus J, Leentjens AFG, Visser M, Stiggelbout AM, van Hilten JJ. Evaluation of the Hospital Anxiety 
and Depression Scale in patients with Parkinson’s disease. Clin Neuropharmacol 2002;25:318-324.

 23 Feij JA, Doorn CD, van Kampen D, van den Berg PT, Resing WCM. Sensation seeking and social  support 
as moderators of the relationship between life events and physical illness/psychological distress. In: 
Winnubst JAM, Maes S, editors. Lifestyles stress and health. Leiden: DSWO Press,1992:285-302.

149

Prognostic factors - cross-sectional analysis

proefschrift Bart Post 11 mei.indb   149 18-5-2009   10:02:16



 24. Schwab JF, England AC. Projection technique for evaluating surgery in Parkinson’s disease. In: Gilling-
ham FJ, Donaldson MC, editors. Third symposium on Parkinson’s disease. Edinburgh: ES Livingstone; 
1969:152-157.

 25 Lindeboom R, Vermeulen M, Holman R, de Haan RJ. Activities of daily living instruments: optimizing 
scales for neurologic assessment. Neurology 2003;60:738-742.

 26 Holman R, Weisscher N, Glas CAW, et al. The Academic Medical Center Linear Disability Score (ALDS) 
item bank: item response theory analysis in a mixed patient population. Health Qual Life Outcomes 
2005;3:83.

 27 Keith RA, Granger CV, Hamilton BB, Sherwin FS. The Functional Independence Measure: a new tool for 
rehabilitation. In: Eisenberg MG, Grzesiak RC, editors. Advances in clinical rehabilitation. Vol. 2. New 
York: Springer; 1987:6-18.

 28 Weisscher N, Post B, de Haan RJ, Glas CA, Speelman JD, Vermeulen M. The AMC Linear Disability Score 
in patients with newly diagnosed Parkinson disease. Neurology 2007;69:2155-2161.

 29 Kidd D, Stewart G, Baldry J, et al. The functional independence measure: a comparative validity and 
reliability study. Disabil Rehabil 1995;17:10-14.

 30 De Boer AGEM, Wijker W, Speelman JD, et al. Quality of life in patients with Parkinson’s disease: devel-
opment of a questionnaire. J Neurol Neurosurg Psychiatry 1996;61:70-74.

 31 McHorney CA, Ware JE, Raczek AE. The MOS 36-item short-form heath survey (SF-36): II. Psycho-
metric and clinical tests of validity in measuring physical and mental health constructs. Med Care 
1993;31:247-263.

 32 Marinus J, Ramaker C, van Hilten JJ, Stiggelbout AM. Health related quality of life in Parkinson’s disease: 
a systematic review of disease specific instruments. J Neurol Neurosurg Psychiatry 2002;72:241-248.

 33 Rothman KJ. No adjustments are needed for multiple comparisons. Epidemiology 1990;1:43-46. 

 34 Esselink RAJ, de Bie RMA, de Haan RJ, et al. Unilateral pallidotomy versus bilateral subthalamic nucleus 
stimulation in PD. A randomized trial. Neurology 2004;62:201-207.

 35 Karlsen KH, Larsen JP, Tandberg E, Maeland JG. Influence of clinical and demographic variables on 
quality of life in patients with Parkinson’s disease. J Neurol Neurosurg Psychiatry 1999;66:431-435.

 36 Schrag A. Psychiatric aspects of Parkinson’s disease. An update. J Neurol 2004;251:795-804.

 37 Brooks DJ. Imaging non-dopaminergic function in Parkinson’s disease. Mol Imaging Biol 2007;9:217-
222.

 38 Weintraub D, Moberg PJ, Duda JE, Katz IR, Stern MB. Effect of psychiatric and other nonmotor symp-
toms on disability in Parkinson’s disease. J Am Geriatr Soc 2004;52:784-788.

 39 Schrag A, Jahanshahi M, Quinn N. What contributes to quality of life in patients with Parkinson’s 
disease? J Neurol Neurosurg Psychiatry 2000;69:308-312.

 40 Lyons KE, Pahwa R, Troester AE. A comparison of Parkinson’s disease symptoms and self-reported 
functioning and well being. Parkinsonism Relat Disord 1997;4:207-209. 

C H A P T E R   7

150

proefschrift Bart Post 11 mei.indb   150 18-5-2009   10:02:16



proefschrift Bart Post 11 mei.indb   151 18-5-2009   10:02:16



Table E-1. Correlation analysis (Spearman rho) between potential determinants and measures of disability 
and Quality of Life (QoL).

Disability outcome measures PDQL SF-36

SE-ADL ALDS FIM Total score PS SS SF EF PC MC

Age - 0.11 - 0.33‡ - 0.23† - 0.10 - 0.12 - 0.06 - 0.25‡  0.05 - 0.11 - 0.05

Marital status 0.04 0.15* 0.19† 0.07 0.11 0.10 0.04 - 0.02 0.10 - 0.04

Education 0.10 0.10 0.09 0.07 0.06 0.04 0.10 0.05 0.10 0.14

Duration of PD - 0.32‡ - 0.06 - 0.31‡ - 0.33‡ - 0.40‡ - 0.19† - 0.27‡ - 0.18* - 0.19† 0.11

Age at onset PD - 0.02 - 0.29‡ - 0.13 - 0.02 - 0.01 - 0.01 - 0.17* 0.07 - 0.05 - 0.08

Hoehn & Yahr stage - 0.39‡ - 0.38‡ - 0.45‡ - 0.41‡ - 0.46‡ - 0.29‡ - 0.39‡ - 0.18* - 0.36‡ - 0.03

UPDRS Motor part - 0.47‡ - 0.35‡ - 0.52‡ - 0.44‡ - 0.53‡ - 0.26‡ - 0.41‡ - 0.22† - 0.30‡ - 0.03

Tremor 0.04 - 0.03 - 0.01 0.09 0.04 0.15* 0.05 0.06 0.10 - 0.07

Bradykinesia - 0.45‡ - 0.35‡ - 0.48‡ - 0.46‡ - 0.52‡ - 0.28‡ - 0.42‡ - 0.26‡ - 0.32‡ - 0.03

Rigidity - 0.35‡ - 0.18* - 0.34‡ - 0.27‡ - 0.34‡ - 0.17* - 0.23‡ - 0.09 - 0.18* 0.07

Axial impairment - 0.52‡ - 0.49‡ - 0.58‡ - 0.48‡ - 0.52‡ - 0.39‡ - 0.46‡ - 0.22† - 0.42‡ - 0.03

Speech - 0.36‡ - 0.13 - 0.37‡ - 0.30‡ - 0.38‡ - 0.17* - 0.28‡ - 0.12 - 0.19† 0.06

Facial expression - 0.31‡ - 0.03 - 0.32‡ - 0.26‡ - 0.31‡ - 0.10 - 0.23† - 0.19† - 0.08 - 0.07

LED (mg/day) - 0.30‡ - 0.18* - 0.30‡ - 0.31‡ - 0.36‡ - 0.25‡ - 0.26‡ - 0.14 - 0.23‡ 0.02

Dopamine agonist use 0.01 0.06 - 0.05 0.06 - 0.05 - 0.07 - 0.06 - 0.03 0.07 0.06

MMSE 0.14 0.19† 0.15* 0.18* 0.17* 0.08 0.24‡ 0.15* 0.12 0.16*

Attention/speed 0.14 0.27‡ 0.25‡ 0.30‡ 0.25‡ 0.20† 0.36‡ 0.23‡ 0.17* 0.19†

Language 0.04 0.19† 0.02 0.10 0.07 0.09 0.15* 0.12 0.11 0.09

Memory 0.08 0.20† 0.16* 0.16* 0.15* 0.03 0.21† 0.12 0.09 0.13

Executive functions 0.09 0.23‡ 0.18* 0.22† 0.19† 0.18* 0.26‡ 0.15* 0.14 0.17*

Visuospatial skills 0.13 0.31‡ 0.24‡ 0.23† 0.22† 0.17* 0.20† 0.19† 0.23† 0.09

HADS - 0.17* - 0.18* - 0.22† - 0.63‡ - 0.47‡ - 0.47‡ - 0.51‡ - 0.75‡ - 0.14 - 0.67‡

CIRS - 0.16* - 0.37‡ - 0.41‡ - 0.38‡ - 0.31‡ - 0.42‡ - 0.40‡   - 0.23‡ - 0.40‡ - 0.09

Social support scale - 0.12 0.06 - 0.10 - 0.08 - 0.02 - 0.02 - 0.01 - 0.01 - 0.01 0.07

SE-ADL: Schwab and England ADL scale; ALDS: AMC Linear Disability Score; FIM: Functional Independence Measure; PDQL: 
Parkinson’s Disease Quality of Life questionnaire; PS: parkinsonian symptoms; SS: systemic symptoms; SF: social functioning; EF: 
emotional functioning; SF-36: Medical Outcome Study Short Form; PC: physical component; MC: mental component; UPDRS: 
Unified Parkinson’s Disease Rating Scale; LED: Levodopa equivalent dose; MMSE: Mini Mental State Examination; HADS: 
Hospital Anxiety and Depression Scale; CIRS: Cumulative Illness Rating Scale. * p < 0.05; † p ≤ 0.01; ‡ p ≤ 0.001.
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Table E-2. Results of stepwise multiple regression analysis with disability (SE-ADL, ALDS, FIM) and QoL 
(PDQL total score and subscores, SF-36 physical and mental component) as outcome measures.

Outcome/Predictors Beta R2 R2 change p-value Adjusted R2

SE-ADL score

Axial impairment - 0.43 0.31 < 0.0001

Bradykinesia - 0.16 0.34 0.03 0.040

Facial expression - 0.13 0.36 0.02 0.045 0.35

F = 34.4; p < 0.001

ALDS 

Axial impairment - 0.54 0.35 < 0.0001

CIRS - 0.18 0.38 0.03 0.005 0.37

F = 55.8; p < 0.001

FIM score

Axial impairment - 0.53 0.37 < 0.0001

CIRS - 0.28 0.41 0.04 < 0.0001

Facial expression - 0.20 0.44 0.03 0.001

Executive function 0.15 0.46 0.02 0.015 0.45

F = 39.4; p < 0.001

PDQL summary score

HADS - 0.52 0.37 < 0.0001

Axial impairment - 0.20 0.55 0.18 0.001

Bradykinesia - 0.20 0.58 0.03 < 0.0001

CIRS - 0.20 0.61 0.03 < 0.0001

L-dopa dosage - 0.16 0.63 0.02 0.002 0.63

F = 63.9; p < 0.001

PDQL Parkinsonian symptoms

Axial impairment - 0.30 0.32 < 0.0001

HADS - 0.33 0.44 0.12 < 0.0001

Bradykinesia - 0.22 0.50 0.06 0.001

Duration of PD - 0.21 0.53 0.03 < 0.0001

CIRS - 0.17 0.55 0.02 0.002 0.54

F = 43.8; p < 0.001

PDQL Systemic symptoms

HADS - 0.43 0.25 < 0.0001

CIRS - 0.31 0.35 0.10 < 0.0001

L-dopa dosage - 0.22 0.40 0.05 < 0.0001

Akinetic-rigid subtype - 0.12 0.42 0.02 0.035 0.40

F = 33.7; p < 0.001
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Outcome/Predictors Beta R2 R2 change p-value Adjusted R2

PDQL Social functioning

HADS - 0.41 0.26 < 0.0001

Axial impairment - 0.16 0.44 0.18 0.033

CIRS - 0.18 0.47 0.03 0.001

Bradykinesia - 0.18 0.50 0.03 0.004

L-dopa dosage - 0.15 0.51 0.01 0.012

Attention/processing speed 0.14 0.53 0.02 0.025 0.51

F = 33.0; p < 0.001

PDQL Emotional functioning

HADS - 0.72 0.55 < 0.0001

Bradykinesia - 0.19 0.58 0.03 < 0.0001 0.58

F = 130.1; p < 0.001

SF-36 Physical component

Axial impairment - 0.29 0.18 < 0.0001

CIRS - 0.33 0.26 0.08 < 0.0001

Duration of PD -0.16 0.28 0.02 0.015 0.27

F = 24.0; p < 0.001

SF-36 Mental component

HADS - 0.71 0.51 < 0.0001 0.51

F = 196.9; p < 0.001

SE-ADL: Schwab and England ADL; ALDS: AMC Linear Disability Score; FIM: Functional Independence 
Measure; PDQL: Parkinson’s Disease Quality of Life questionnaire; SF-36: Medical Outcome Study Short 
Form; CIRS: Cumulative Illness Rating Scale; HADS: Hospital Anxiety and Depression Scale. R2: the 
proportion of variance of the dependent variable accounted for by significant explanatory factors. R2 
change: the incremental proportion of variance accounted for by an explanatory variable, after controlling 
for the effect of other explanatory factors. Adjusted R2: The proportion of variance of the dependent 
variable explained by the full model.  

Table E-2. (continued)
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Abstract

Objective

To determine change and prognostic factors of motor impairment, disability and quality 

of life (QoL) in patients with newly diagnosed Parkinson’s disease. 

Methods

A group of 126 patients with newly diagnosed PD recruited from outpatient clinics 

participated in this three year prospective cohort study. Motor impairment was rated with 

the Unified Parkinson Disease Rating Scale Motor-Examination (UPDRS-ME). Disability 

was rated using the Schwab and England Activities of Daily Living Scale (SE-ADL), the 

AMC Linear Disability Score (ALDS). QoL was assessed with the Parkinson’s Disease 

Quality of Life questionnaire (PDQL). Linear mixed model analyses were conducted to 

identify determinants of motor impairment, disability and poor QoL.

Results

Motor impairment progressed with 3 points per year. There was a slight progression of 

disability and QoL during three years of follow-up. Older age at onset predicted worse 

motor impairment, more disability and poorer QoL. Non-dopaminergic reactive symptoms 

(axial impairment) contributed to more disability and poorer QoL. Comorbidity contributed 

to disability, but to a lesser extent. Self-reported mood symptoms and comorbidity were 

associated with poorer QoL. Female sex is associated with a slower progression of motor 

impairment and QoL.   

Conclusions

Older age at onset predicts change in motor impairment, disability and impaired QoL over 

time. Non-dopaminergic reactive symptoms, comorbidity, and to some extent, affective  

symptoms has an impact on disability and poorer QoL. Female sex is associated with a 

slower progression of motor impairment and less decline of QoL.
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Introduction

Parkinson’s disease (PD) is the second most prevalent neurodegenerative disease after 

Alzheimer’s disease (1;2) and will be an increasing burden in the near future.(3) Recently 

several reviews have been published about the progression and prognostic factors of 

PD.(4-6) These reviews identified older age at onset, postural instability and gait difficulty 

(PIGD), bradykinesia, lack of tremor at disease onset, depression and early cognitive 

impairment as prognostic factors for decline in motor impairment and/or disability. 

But they also concluded that the literature on prognosis in PD is not fulfilling the high 

quality standards on methodology applied nowadays and that there is a need for further 

exploring the prognostic factors for progression of PD.

Recently, Schrag et. al. reported (7) a mean annual standardized progression rate of 

clinical disease severity ranging from 2.4-7.4%. Prognostic factors were not described. 

The study showed that progression of motor impairment slows down with advancing 

disease stage and longer follow-up in contrast to the ongoing progression of disability. 

It is suggested that this discrepancy in progression is due to the greater rate of non-

dopaminergic reactive symptoms (e.g. postural instability, falls, and cognitive dysfunction). 

Another recently published report described a mean annual decline in the UPDRS-ME and 

the Hoehn and Yahr staging of 3.1% and 3.2%, respectively.(8) In this study age, age at 

onset and disease duration, as well as symptoms thought to be due to non-dopaminergic 

brain structures were predictors of more motor impairment and disability. Both studies 

(7;8) described groups of prevalent PD patients introducing a selection of surviving PD 

patients and so an underestimation of the progression of PD. Although both studies are 

valuable, they can only provide prognostic information of patients from the moment 

they are included into the study. To investigate the course and prognosis of neurological 

impairment and functional health in PD, prospective studies that follow patients from the 

moment of diagnosis are needed. 

The objective of this study is to prospectively describe the progression of motor 

impairment, stage of disease, disability and quality of life (QoL) in a newly diagnosed 

hospital based cohort which was followed for three years. Furthermore, we explored the 

relative contributions of multiple potential predictors to progression in patients with PD.

Methods

Patients

The study population comprised consecutive patients with newly diagnosed PD recruited 

between July 2002 and March 2005 from the neurology outpatient clinics of six general 
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hospitals in the Netherlands, who were participants in a longitudinal research project 

investigating the course of functional status and its determinants in PD. All patients 

underwent baseline neurological and neuropsychological examinations, either in the 

hospital or at their home, between July 2002 and March 2005. Neuropsychological 

assessment was conducted within one to four weeks after the neurological examination. 

Neuropsychological outcome assessment was performed three years after baseline 

assessment and has been described elsewhere (9), all other assessments were performed 

annually during the three year follow-up period. All patients were examined by research 

nurses with experience in PD. Nurses were trained in administration and scoring of 

study instruments before starting this project and they performed assessments under 

supervision of the project neurologist to ensure reliability of ratings. A clinical diagnosis 

of PD based on standard criteria (10) was re-validated by the project neurologist through 

review of the medical records. Only patients whose diagnosis was confirmed were 

included in the present analysis.  

Written informed consent was obtained from all subjects after the nature of the study 

was fully explained. The study was approved by the local ethics committees of the 

participating hospitals. 

Assessments

Baseline patient and clinical characteristics

During the clinical examination information about demographic and clinical characteristics 

in terms of  disease duration, initial symptoms, initial side of symptoms, types of therapy, 

and the use of drugs for PD were recorded (Table 1). The duration of disease was defined 

as the time between the appearance of the first symptom of PD as reported by the 

patient and the moment of assessment. This way of defining disease duration is prone 

to recall bias, but good agreement is reported when comparing medical records, family 

history questionnaire and subject history questionnaire for assessing age at onset in PD 

and all three methods are regarded valid.(11) We pooled different dopaminergic (L-dopa 

and dopaminergic agonists) drugs in a levodopa equivalent dose (LED).(12)

Outcome measures

Outcomes were assessed at baseline and yearly during a three-year follow-up period, and 

included motor impairment, stage of disease, disability and quality of life (Table 2).

The severity of extrapyramidal symptoms was rated using the Unified Parkinson’s Disease 

Rating Scale Motor Examination (UPDRS-ME).(13) The UPDRS-ME was subdivided into 

two domains. (14;15) Motor subscore A included facial expression (item 19), tremor score 

(calculated by adding item 20 (tremor at rest) and item 21 (action or postural tremor of 
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hands)), rigidity (item 22), bradykinesia (combination of items 23 (finger movements), 

items 24 (hand movements), 25 (rapid alternating movements of hands), 26 (leg agility) 

and 31 (body bradykinesia and hypokinesia)). Motor subscore A ranged from 0-88 and 

represented relatively levodopa responsive motor signs of PD. Motor subscore B included 

speech (item 18) and a score for axial impairment (adding item 27 (arising from a chair), 

item 28 (posture), item 29 (gait) and item 30 (postural stability)). Motor subscore B ranged 

from 0-20 and represented relatively levodopa non-responsive motor signs of PD. Based 

on the UPDRS-ME, patients were classified in one of three clinical subtypes: akinetic-

rigid, tremor-dominant, and mixed (features of akinetic-rigid and tremor). Furthermore 

the stage of disease was determined with the Hoehn & Yahr rating scale (HY).(16)

Disability was evaluated using the Schwab and England Activities of Daily Living Scale 

(SE) (13) and the AMC Linear Disability Score (ALDS).(17) The SE is specifically designed 

for patients with PD and reflects the patient’s ability to perform daily activities in terms 

of speed and independence. ADL ability is measured on an 11-point index: ranging form 

0% (vegetative function) to 100% (complete independence). The ALDS item bank is 

developed to quantify functional status in terms of the ability to perform ADL using an 

IRT framework. The original units of the ALDS scale are (logistic) regression coefficients, 

expressed in logits. To make the results easier to interpret, the logit scores are linearly 

transformed into values between 10 and 90. The value 10 represents the lowest level and 

the value 90 the highest level of functional status possible.

QoL was evaluated with a disease-specific instrument, the Parkinson’s Disease Quality 

of Life questionnaire (PDQL).(18) The PDQL, which has adequate clinimetric support 

(19) is a self-administered measure which contains 37 items allocated to four subscales: 

parkinsonian symptoms, systemic symptoms, social functioning and emotional functioning. 

The total PDQL score is 37-185, with higher scores indicating better QoL.

Potential prognostic factors

Based on review of the literature potential prognostic factors for change in motor 

impairment, disability and quality of life were chosen.(4-6) Age at onset, sex, disease 

duration, motor subscore A of the UPDRS-ME, motor subscore B of the UPDRS-ME, 

comorbidity , cognitive function and affective symptoms measured at baseline were selected 

and used in the study analysis. Due to colinearity motor subscore A and motor subscore 

B of the UPDRS-ME were not used to describe the progression in motor impairment. 

The Cumulative Illness Rating Scale (CIRS) (20) was administered during history taking to 

assess comorbidity. This validated scale rates (21) the severity of comorbid diseases for 

13 organ systems (range 0-52, higher scores indicating more severe comorbidity). We 

administered 17 neuropsychological tests to evaluate functions in five cognitive domains: 
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attention and psychomotor speed, language, declarative memory, executive function, 

and visuospatial abilities as described by Muslimovic.(22) Cognitive dysfunction was 

considered to be present if performance on three or more neuropsychological tests was 

impaired. The Hospital Anxiety and Depression Scale (HADS), which has demonstrated 

validity in PD, was used as screening instrument of affective symptoms.(23;24) The HADS 

total score ranges from 0-42.  

Statistical analysis

Demographic and clinical characteristics were summarized with descriptive statistics. 

Chi-square, Mann-Whitney, and Kruskal-Wallis tests were used for comparison between 

groups, when appropriate. Decline of motor impairment (UPDRS-ME), disability (SE, ALDS) 

and quality of life (PDQL) over time was analysed using linear mixed models. Additionally, 

the impact of each baseline prognostic factors (age at onset, sex, disease duration, 

UPDRS-ME, comorbidity, cognitive function and affective symptoms), including their 

interaction with follow-up time on health outcome, was univariately assessed in separate 

mixed models.  Finally, all identified significant prognostic variables and their interactions 

with time were offered to multivariate mixed models with a backward selection strategy. 

Two-tailed level of significance was set at p =  0.05. In view of the explorative nature of 

this study we did not correct for multiple comparisons. All analyses were performed in 

SPSS version 16 and R. 

Results

Characteristics

Between July 2002 and March 2005 133 patients from the neurology outpatient clinics of 

six general hospitals in the Netherlands were included in our cohort of which six patients 

developed Parkinson’s disease dementia and one multiple system atrophy. In total 126 

had a diagnosis of PD after three years or at the last visit prior to there loss to follow-

up. Total loss to follow-up was 10 patients (six died and four did not want to participate 

anymore), they were included in the analysis up to the time they were last seen. Baseline 

demographic and clinical characteristics are shown in Table 1. Patients (56% male) had 

a mean age at onset of 64.6 years, a mean age at examination of 66.2 years with mean 

disease duration of 20 months. 

The average baseline degree of motor disorder for the PD group fell within the mild to 

moderate range as evaluated by the UPDRS-motor section (mean 17.2) and the Hoehn 

and Yahr staging scale (88% stage I or II) (Table 2). The patients lost to follow-up had 

longer disease duration on baseline (mean 25.1 (SD 7.6) months as opposed to 19.5 (SD 
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11.3) months), but there were no significant differences regarding age at onset, age at 

examination, age at diagnosis, sex, UPDRS-ME total score, and the use or amount of 

dopaminergic therapy. 

Progression of motor impairment

The UPDRS-ME progressed significantly over time with a mean change over three year of 

9.3 points (95% CI 7.5 to 11.0) (Table 2). The linear mixed model showed an annual change 

of 3.0 points per year with a 95% CI ranging from 2.5 to 3.6 (Table 3). The median HY 

stage stayed stable over three years although there was a statistically significant change 

(Table 2) in distribution over the three HY stages of patients included in our study. 

Table 1. Baseline patient and clinical characteristics of the newly diagnosed PD patients.

Patient and clinical variables n=126

Gender (M:F) (%) 56:44

Age at onset of symptoms 64.6 (10.4; 30.9-83.5)

(mean yrs (SD, range))

Age at Diagnosis of PD 65.9 (10.4; 32-84.6)

(mean yrs (SD, range))

Age at examination 66.2 (10.4; 32.4-84.9)

(mean yrs (SD, range))

Duration of symptoms at examination 20.0 (11.0; 4.7-83.9)

(mean months (SD, range))

Symptoms at start of the disease (%)

Tremor 46

Bradykinesia/Rigidity 46

Tremor/Bradykinesia/Rigidity 7

Side of symptom onset at start of the disease (%)

Unilateral (R+L %) 76 (36+40)

Two sides asymmetric 16

Two sides symmetric 8

Therapy (%)

No medication 30

Dopaminergic 64

Non-dopaminergic 6

LED when receiving dopaminergic therapy 239.1 (118.7; 10-600)

(mean (SD, range))

YRS = years; SD = standard deviation;LED = Levodopa Equivalent Dose.
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Progression of UPDRS-ME score was univariately associated with sex, age at onset, 

disease duration at baseline, and comorbidity as rated with the CIRS (Appendix 1). In a 

multivariable linear mixed model older age at onset (p<0.001), longer disease duration 

(p=0.018) and female sex (p=0.022, interaction term) turned out to be independent 

Table 2. Progression of impairment, disability, and perceived Quality of Life in newly diagnosed PD 
patients.

Baseline Yr1 Yr2 Yr3 P-value7

UPDRS-ME1 (mean; SD6) 17.2 (8.2) 21.3 (8.2) 23.8 (9.4) 26.0 (9.6) <0.001

HY2

Median/Mean (SD) 1/1.7 (0,7) 2/2.1 (0.6) 2/2.3 (0.5) 2/2.4 (0.5)

I 42.1% 11.9 2.6 2.6

II 46.8% 69.5 68.4 60

III 11.1 % 18.6 28.9 37.4 <0.001

SE3 (mean; SD6) 90.0 (6.9) 89.2 (7.5) 86.5 (10.7) 82.0 (15.6) <0.001

ALDS4 (mean; SD6) 83.5 (9.1) 84.6 (7.9) 83.6 (10.5) 79.6 (16.4) 0.045

PDQL-total score5 (mean; SD6) 146.9 (21.2) 147.3 (20.6) 142.9 (25.4) 141.3 (23.4) <0.001

Parkinson symptoms 55.6 (8.3) 55.7 (7.8) 53.4 (9.7) 52.8 (8.7) 0.001

Systemic symptoms 26.5 (4.8) 27.0 (4.7) 26.4 (5.3) 26.3 (4.9) 0.359

Emotional function 28.9 (5.3) 28.4 (5.5) 27.7 (6.6) 27.0 (6.5) 0.001

Social function 36.0 (5.8) 36.2 (6.3) 35.3 (6.8) 35.2 (6.6) 0.126

1UPDRS_ME = Unified Parkinson’s Disease Rating Scale-Motor Examination; 2HY = Hoehn and Yahr scale; 
3SE = Schwab and England activities of daily living scale 4ALDS= AMC Linear Disability Scale; 5PDQL = 
Parkinson’s Disease Quality of Life questionnaire; 6SD = standard deviation; 7Linear Mixed Model, except 
for HY where Friedman test for ordinal variable was used.

Table 3. Progression of impairment, disability, and perceived Quality of Life in newly diagnosed PD 
patients estimated with a linear mixed model.

Scale Slope per year p-value 95%CI N- observations

UPDRS-ME1 3.0 <0.001 (2.5, 3.6) 472

SE2 -2.7 <0.001 (-3.6, -1.9) 475

ALDS3 -1.3 0.045 (-2.14, -0.14) 473

PDQL4 -2.4 0.001 (-3.6, -1.3) 468

Parkinson symptoms -1.2 0.001 (-1.8, -0.5) 468

Systemic symptoms -0.2 0.359 (-0.5, 0.2) 468

Emotional function -0.8 0.001 (-1.2, -0.3) 468

Social function -0.4 0.126 (-0.8, 0.1) 468

Estimated mean change per year (slope), estimated by a linear mixed model, and its 95% CI.
1UPDRS-ME = Unified Parkinson’s Disease Rating Scale-Motor Examination; 2SE = Schwab and England 
activities of daily living scale 3ALDS= AMC Linear Disability Scale 4PDQL = Parkinson’s Disease Quality of 
Life questionnaire.
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prognostic factors for the progression of UPDRS-ME. Women showed a less steep slope 

of progression as opposed to men, meaning the annual progression rate of UPDRS-ME 

was less in women (Table 4). 

Table 4. Prognostic factors for impairment, disability, and perceived Quality of Life in newly diagnosed PD 
patients estimated with a linear mixed model.

Domain 
and Scale

Univariable model
Significant prognostic 
variables 

Multivariable model
Prognostic variables

coefficient 95% CI p-value

Impairment

l UPDRS-ME1 Sex, age at onset, duration,  
and CIRS7

Sex (women) 2,03 (-1.13, 5.21) 0,206

Sex*year -1,32 (-2.45, -0.19) 0,022

Age at onset 0,21 (0.1, 0.35) <0,001

Duration 0,13 (0.02, 0.24) 0,018

Disability

l SE2 Age at onset, duration, motor 
subscore A5 and B6, CIRS7, 
HADS8, and cognitive status Age at onset 0,26 (0.10, 0.43) 0,002

Age at onset*year -0,14 (-0.23, -0.05) 0,002

Motor subscore B6 -1,77 (-2.22, -1.32) <0,001

l ALDS3 Age at onset, duration, motor 
subscore A5 and B6, and CIRS7

Age at onset 0.01 (-0.01, 0.03) 0.366

Age at onset*year -0,01 (-0.02, -0.01) <0,001

Motor subscore B6 -0,19 (-0.26, -.0.14) <0,001

CIRS7 -0,1 (-0.14, -0.58) <0,001

Quality of Life

l PDQL4 Sex, age at onset, duration,, 
motor subscore A5 and B6, 
CIRS7, and HADS8 Sex (women) -0,52 (-5.94, 4.89) 0,84

Sex*year 2,81 (0.57, 5.04) 0,014

Age at onset 0,48 (0.19-0.70) 0,001

Age at onset*year -0,14 (-0.25, -0.03) 0,011

Motor subscore B6 -2,99 (-4.11, -1.88) <0.001

CIRS7 -1,86 (-2.67, -1.04) <0.001

HADS8 -1,5 (-1.82, -1.18) <0.001

Baseline variables and their interactions with time in a linear mixed model univariable and multivariable 
analysis. 1UPDRS-ME = Unified Parkinson’s Disease Rating Scale motor examination; 2SE = Schwab and 
England disability scale; 3ALDS = AMC Linear Disability Score; 4PDQL = Parkinson’s Disease Quality of 
Life questionnaire; 5Score A is the sum of UPDRS-ME items concerning facial expression, tremor, rigidity, 
bradykinesia; these are considered relatively L-dopa responsive. 6Score B is the sum of UPDRS-ME items 
concerning speech and axial impairment (arising from chair, posture, postural stability, gait); these are 
considered relatively L-dopa non-responsive.; 7CIRS = Cumulative Illness Rating Scale; 8HADS = Hospital 
Anxiety Depression Scale. 

165

Prognostic factors - 3 years follow-up

proefschrift Bart Post 11 mei.indb   165 18-5-2009   10:02:19



Progression of disability

The SE disability scale and the ALDS also changed with time, with a mean change over 

three years of -8.4 points (95% CI -11.0 to -5.7) and -4.2 points (95% CI -7.0 to -1.5), 

respectively. Indicating increasing disability during follow-up (Table 2). The linear mixed 

model showed an annual progression rate for the SE of -2.7 with a 95% CI ranging from 

-3.6 to -1.9 and the corresponding decrease in ALDS score was -1.3 points with a 95% 

CI from -2.14 to -0.14 (Table 3). When dichotomizing the SE scale in under and above 70 

points (< 70 points indicate  dependency), 16% of patients had a score lower than 70 at 

three year follow-up examination.

Age at onset, disease duration, motor subscore A and B, HADS score, cognitive function, 

and comorbidity  were univariately associated with SE disability scale (Appendix 2). In 

the multivariable mixed linear model only older age at onset (p=0.002) and higher motor 

subscore B (p<0.001) were independently associated with progression of SE score (Table 

4). Older age at onset predisposed for a lower SE score but there is also an interaction 

with time indicating there is a faster progression (steeper slope) during the follow-up for 

older aged patients. More non-dopaminergic reactive symptoms (=motor subscore B) 

turned out  to be associated with a lower SE score. 

Age at onset, disease duration, motor subscore A and B and comorbidity were univariately 

associated with a worse ALDS score (Appendix 3). In the multivariable model older age 

at onset (p<0.001), higher motor subscore B (p<0.001) and higher level of comorbidity 

(p<0.001) were associated with developing disability. For age at onset there was an 

interaction with time indicating a faster progression of ALDS score over time (steeper 

slope) with older age at onset. 

Progression of quality of life

The PDQL total score and the subscores “Parkinson symptoms” and “emotional function” 

progressed significantly over time, with a mean change over three years of 6.6 points 

(95% CI -10.0 to 3.2), -3.2 points (95% CI -4.7 to -1.7) and -2.2 (95% CI -3.2 to -1.2), 

respectively (Table 2). The model showed an annual deterioration  rate for the PDQL-

total score of -2.4 points 95% CI -3.6 to -1.3. For the Parkinson symptom and emotional 

symptom subscale these rates were -1.2 (95% CI -1.8 to -0.5) and-0.8 (95%CI -1.2 to 

-0.3), respectively (Table 3).

Sex, age at onset, disease duration, motor subscore A and B, HADS score and comorbidity 

were univariately associated with PDQL total score (Appendix 4). These associations were 

largely confirmed in the multivariable model: female sex (p=0.014), older age at onset 

(p=0.001; for interaction term p=0.011), higher motor subscore B (p<0.001), higher HADS 

score (p<0.001), and more comorbidity (p<0.001), and had an independent impact on 
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lower PDQL total score. Patients with older age at onset had a higher annual progression 

rate (steeper slope) as opposed to patients with younger age at onset. Women showed a 

less steep slope of progression as opposed to men, meaning the annual progression rate 

of PDQL total score was less in women (Table 4). 

Discussion

In this study we prospectively assessed the decline of motor impairment, disability and 

quality of life over a three year period in patients with newly diagnosed PD as we explored 

earlier with a baseline analysis.(9) Motor impairment progressed with three UPDRS-ME 

points per year. Disability also showed a small albeit significant decline during follow-

up, whereas  the level of QoL slightly deteriorated in the domains Parkinson symptoms 

and emotional functioning. Older age at onset predicted worse motor impairment, more 

disability and poorer QoL. Non-dopaminergic reactive symptoms (axial impairment) and 

comorbidity contributed to more disability and poorer QoL. Affective  symptoms was 

associated with poorer QoL. Female sex was associated with a slower progression of 

motor impairment and less decline of QoL.

Older age at onset was one of the major prognostic factors for the progression of PD in 

several heath domains, this is consistent with the recent reviews of the literature.(4-6) Sex 

was described in two of the reviews (4,6) as a prognostic factor with conflicting evidence, 

our results showed that females progress slower in time as was stated by Suchowersky.

(5) Furthermore the identification of non-dopaminergic reactive symptoms as one of the 

major prognostic factors for disability and poorer QoL is consistent with all three reported 

systematic reviews. We identified comorbidity as a new prognostic factor for disability and 

poorer QoL. Suchowersky suggested  that comorbidity may  indeed be a possible factor of 

clinical importance.(5) The other two reviews, however, found no evidence. 

Although cognitive dysfunction is described in early PD, the clinical relevance of this 

finding is still a matter of debate (9,25,26) Furthermore several systematic reviews 

highlighted the importance of cognitive dysfunction as an important prognostic factor 

for future functional health.(4-6) In contrast, we observed that cognitive status had no 

impact on functional outcomes when analysed together with other prognostic factors. 

This finding is in line with our earlier baseline analysis of our cohort. In that study only 

performance on verbal fluency tasks was related to a disability measure.(9) A possible 

explanation for this contrast is that the reports included in the systematic reviews studied 

demented PD patients, conducted univariate analyses, whereas in the present study 

self–reported measures of disability and QoL were employed in a sample with overall 
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mild cognitive dysfunction and the independent impact of multiple determinants was 

examined simultaneously.

The mean annual progression rate of 3 points on the UPDRS-ME is consistent with earlier 

findings.(7,8,27) Alves reported a mean annual change of 3.3 points on the UPDRS-ME 

in a prevalent population based cohort with a mean disease duration of 9.1 years at the 

beginning of the study and a follow-up of 8 years.(8) Schrag reported a mean annual 

progression of 3.3 points in a clinic based sample with a mean disease duration of 9.3 

years at the beginning of the study and 1 year follow-up.(7) Fahn showed in a clinical 

trial, after initial reaction to levodopa therapy, progression of motor impairment under 

treatment with levodopa in an early diagnosed group of PD patients.(27) So, it looks like 

there is a constant progression of motor symptoms over time, although it is likely that the 

progression described in these prevalent cohorts and trial cohort is an underestimation 

of the real progression rate due to selection of respectively survivors and healthy PD 

patients. The results of the above studies are inline with our thoughts that PD is a slowly 

progressive disease. 

We reported a mean annual progression rate for SE of 2.7 points in a newly diagnosed 

group with a mean baseline score of 90.0. However in our cohort the vast majority of 

patients (about 85% %) was still independent at the end of our follow-up. In a community 

based study of prevalent patients with PD there was a mean annual progression rate of  

5.2 points at 1 year follow-up and 2.7 at 4 years follow-up (mean baseline score 81.7). 

Alves described a mean annual progression rate of 3.6 points in a prevalent cohort of 

PD patients with a mean baseline score of 67.8. These results suggest that there may be 

different progression rates depending on the disease stage of the PD patients.(8)

There is an increasing number of longitudinal studies focusing on QoL as outcome 

parameter (28-30) but only one research group has described the progression and 

prognostic factors of QoL in early PD.(31) Marras describes a slight decline in physical and 

mental component score of the SF-36 over 1.5-2 years time, although she questions the 

clinical relevance of her findings. In this study baseline depression and self rated cognitive 

function turned out to be associated with the physical component score, whereas older 

age and worse ADL at baseline were associated with the mental component score. 

Postural instability and gait difficulty were the only features that deteriorated concurrently 

with QoL.(31) In the only population based prospective study with prevalent PD (28) 

there was a significant decline in QoL during eight years of follow-up as measured with 

the Nothingham Health Profile (NHP). Follow-up time, higher HY staging (reflecting 

postural instability and gait difficulty) a, severity of depressive symptoms and presence 

of insomnia were related to overall change in QoL. Both studies are difficult to compare 

with the results of our study because of the use of different outcome instruments. 
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Nevertheless, all studies, including ours identified non-dopaminergic reactive symptoms 

and mood disturbances as important prognostic factors for decline in QoL. 

There are indications of sex differences in PD, possibly related to different levels of 

circulating oestrogens in men and women.(32;33) Recently a study reported an later 

age at onset, more often a tremor dominant form and higher levels of striatal dopamine 

binding on DAT-scanning in women compared to men.(32) This suggest a more benign 

phenotype in women. We also showed a slower progression of the UPDRS-ME and less 

progression of the PDQL total score in women when corrected for other variables. These 

results are inline with the practice parameter of the AAN (5) suggesting sex is a probable 

prognostic factor of motor progression, with women progressing slower. However, 

Shulman showed that women report greater disability and perceived a more reduced 

quality of life compared to men.(33) Also two other reviews (4,6) conclude there is still 

conflicting evidence on sex as a prognostic factor. The definitive answer for this ongoing 

debate is still to be found.

Strengths of the present study are the relatively large PD prospective sample, measured 

early in the disease, a standardized assessment of motor function, affective status and 

functional capacity, the use of both disease-specific and generic measures of disability 

and QoL, the neuropsychological examination, and the fact that multiple potential 

explanatory factors were considered simultaneously in the analysis. Limitations of this 

study should also be recognized. First, the majority of patients in our study formed a 

clinic-based sample, which may be subject to selection bias. However, these patients 

were recruited from six different general neurological clinics and reflect daily practice 

of PD care. Secondly the changes of disability and QoL over time were only slight, so 

the clinical relevance of these progression rates remain a matter of debate. In the future 

we follow-up this cohort and anticipate more substantial long-term change in functional 

health.

To conclude, older age at onset predicts change in motor impairment, disability and 

impaired QoL over time. Non-dopaminergic reactive symptoms, comorbidity, and to 

some extent, affective symptoms has an impact on disability and poorer QoL. Female 

sex is associated with a slower progression of motor impairment and less decline of 

QoL. The results of this study may help to identify patients with PD at risk for functional 

dependence and reduced QoL.
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Appendix 1. Baseline factors associated with greater impairment (UPDRS-ME1) during follow-up.

Scale Baseline variable Coefficient p-value 95%CI

UPDRS-ME1 Age at onset 0,2 0,001 0,09 0,32

Univariable analysis Age at onset *year -0,02 ns6 -0,07 0,04

Duration 0,12 0,036 0,01 0,24

Duration*year -0,01 ns -0,06 0,04

Motor subscore A2 1,45 <0,001 1,29 1,62

Motor subscore A *year -0,22 <0,001 -0,31 -0,13

Motor subscore B3 2,87 <0,001 2,33 3,41

Motor subscore B*year -0,44 0,001 -0,69 -0,18

HADS4 0,04 ns -0,29 0,26

HADS*year -0,05 ns -0,13 0,03

Cognitive status -2,26 ns 2,67 5,4

Cognitive status*year -1,35 0,08 -2,87 0,16

CIRS5 0,44 0,028 0,05 0,83

CIRS*year -0,08 ns -0,26 0,11

Sex (women) 2,03 ns -1,29 5,36

Sex*year -1,3 0,025 -2,42 -0,17

Baseline variables and their interactions with time in a linear mixed model univariable analysis; bold 
variables are significantly associated with the outcome, cursive variables are significant in univariable 
analysis but left out of the multivariable mixed linear model because of co-linearity. 1UPDRS-ME = Unified 
Parkinson’s Disease Rating Scale motor examination; 4HADS = Hospital Anxiety Depression Scale; 5CIRS = 
Cumulative Illness Rating Scale; 6NS = non-significant. 2Score A is the sum of UPDRS-ME items concerning 
facial expression, tremor, rigidity, bradykinesia; these are considered relatively L-dopa responsive. 3Score 
B is the sum of UPDRS-ME items concerning speech and axial impairment (arising from chair, posture, 
postural stability, gait); these are considered relatively L-dopa non-responsive.
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Appendix 2. Baseline factors associated with greater disability (SE1) during follow-up.

Scale Baseline variable Coefficient p-value 95%CI

SE1 Age at onset 0,09 ns -0,06 0,23

Univariable analysis Age at onset*year -0,14 0,001 -0,21 -0,06

Duration -0,17 0,016 -0,3 -0,03

Duration*year 0,04 ns 0,04 0,11

Motor subscore A2 -0,34 0,012 -0,61 -0,08

Motor subscore A*year -0,07 ns -0,07 0,08

Motor subscore B3 -0,95 0,007 -1,63 -0,26

Motor subscore B*year -0,49 0,011 -0,86 -0,11

HADS4 -0,24 0,023 -0,45 -0,03

HADS*year 0,05 ns -0,06 0,17

Cognitve status 0,94 ns -3,05 4,93

Cognitive status*year -2,39 0,035 -4,61 -0,18

CIRS5 0,11 ns -0,37 0,59

CIRS*year -0,32 0,016 -0,58 -0,06

Sex (women) -1,13 ns -4,2 1,95

Sex*year 0,92 ns -0,79 2,62

Baseline variables and their interactions with time in a linear mixed model univariable analysis; bold 
variables are significantly associated with the outcome. 1SE = Schwab and England disability scale; 4HADS 
= Hospital Anxiety Depression Scale; 5CIRS = Cumulative Illness Rating Scale; 6NS = non-significant. 2Score 
A is the sum of UPDRS-ME items concerning facial expression, tremor, rigidity, bradykinesia; these are 
considered relatively L-dopa responsive. 3Score B is the sum of UPDRS-ME items concerning speech and 
axial impairment (arising from chair, posture, postural stability, gait); these are considered relatively 
L-dopa non-responsive.
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Appendix 3. Baseline factors associated with greater disability (ALDS1) during follow-up.

Scale Baseline variable Coefficient p-value 95%CI

ALDS1 Age at onset -0,02 ns -0,05 0

Univariable analysis Age at onset*year -0,01 0,002 -0,02 -0,01

Duration -0,02 0,036 -0,03 0

Duration*year 0 ns -0,01 0,01

Motor subscore A2 -0,06 <0,001 -0,08 -0,03

Motor subscore A*year -0,01 ns -0,03 0

Motor subscore B3 -0,29 <0,001 -0,35 -0,23

Motor subscore B*year -0,03 ns -0,08 0,01

HADS4 -0,02 ns -0,05 0

HADS*year 0 ns -0,01 0,01

Cognitve status 0,43 ns -0,03 0,89

Cognitive status*year 0,13 ns -0,12 0,38

CIRS5 -0,18 <0,001 -0,23 -0,13

CIRS*year -0,02 Ns -0,05 0,01

Sex (women) -0,3 Ns -0,67 0,07

Sex*year 0,12 Ns -0,07 0,31

Baseline variables and their interactions with time in a linear mixed model univariable analysis; bold 
variables are significantly associated with the outcome. 1ALDS = AMC Linear Disability Score;4HADS = 
Hospital Anxiety Depression Scale; 5CIRS = Cumulative Illness Rating Scale; 6NS = non-significant. 2Score 
A is the sum of UPDRS-ME items concerning facial expression, tremor, rigidity, bradykinesia; these are 
considered relatively L-dopa responsive. 3Score B is the sum of UPDRS-ME items concerning speech and 
axial impairment (arising from chair, posture, postural stability, gait); these are considered relatively 
L-dopa non-responsive.
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Appendix 4. Baseline factors associated with lower quality of life (PDQL1) during follow-up.

Scale Baseline variable Coefficient p-value 95%CI

PDQL1 Age at onset 0,02 ns -0,37 0,41

Univariable analysis Age at onset*year -0,13 0,025 -0,24 0,02

Duration -0,54 0,001 -0,84 -0,23

Duration*year 0,04 ns -0,06 0,14

Motor subscore A2 -1,1 <0,001 -1,5 -0,67

Motor subscore A*year 0,05 ns -0,23 0,34

Motor subscore B3 -3,78 0,005 -5,18 -2,38

Motor subscore B*year 0,18 ns -0,36 0,71

HADS4 -1,77 <0,001 -2,14 -1,39

HADS*year 0,13 ns -0,02 0,29

Cognitve status -9,35 ns -19,5 0,84

Cognitive status*year -1,69 ns -1,14 4,54

CIRS5 -2,72 <0,001 -3,71 -1,72

CIRS*year 0,19 ns -0,18 0,54

Sex (women) -2,86 ns -11,03 5,31

Sex*year 2,54 0,029 0,26 4,84

Baseline variables and their interactions with time in a general mixed linear model univariable analysis; 
bold variables are significantly associated with the outcome.; 1PDQL = Parkinson’s Disease Quality of Life 
questionnaire; 4HADS = Hospital Anxiety Depression Scale; 5CIRS = Cumulative Illness Rating Scale; 6NS 
= non-significant. 2Score A is the sum of UPDRS-ME items concerning facial expression, tremor, rigidity, 
bradykinesia; these are considered relatively L-dopa responsive. 3Score B is the sum of UPDRS-ME items 
concerning speech and axial impairment (arising from chair, posture, postural stability, gait); these are 
considered relatively L-dopa non-responsive.
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The main objective of this thesis was to study the clinical profile, progression and 

prognostic factors of (early) Parkinson’s disease (PD). Because the assessment of 

patient’s neurological impairment and physical disability is an essential part of the studies 

presented, two chapters specifically focus on clinimetric issues. In the current chapter 

the main findings of this thesis are summarized and discussed with reference to recent 

scientific insights in PD. Finally, future research will be discussed.

Clinical profile and prognosis

Nowadays PD is described as a heterogeneous disease with various etiologies and with 

a mixture of motor and non-motor features. Because of the etiological heterogeneity 

opinion leaders favour the term Parkinson’s Diseases.(1,2) This should remind physicians 

that multiple etiologies are possible to explain patients’ symptom patterns and the 

prognostic heterogeneity. This term ‘diseases’ is also useful in daily care to help patients 

understand that they are confronting a syndrome and not a single disease.  So it is 

advisable to distinguish the various Parkinsonian syndromes by their pathological and 

genetic characteristics. This is what is now called the ‘splitter approach’ leaving the term 

idiopathic PD to cases with clinical parkinsonism associated with Lewy body pathology 

for which we are not sure of the genetic etiology.(2)

The concept of the clinical features of PD is broadening in parallel with the pathological 

and etiological understanding of the disease. Olfactory, gastrointestinal, sleep, sensory, 

autonomic, cognitive dysfunction and psychiatric manifestations are thought to be 

an important part of the disease and many of these may even predate the onset of 

the classical motor disorder.(3-5) The non-motor symptoms cognitive dysfunction and 

psychiatric manifestations together with the non-dopaminergic reactive motor symptoms 

(mainly postural instability and gait difficulty (PIGD)), are the main prognostic factors for 

future disability, nursing home placement and mortality(Table 1).(6-8)

To describe the clinical profile of this heterogeneous disease we postulate that the course 

of PD can be divided into three phases (Figure 1). The first phase describes the first five 

years of the disease in which there is gradual progression of all motor and non-motor 

symptoms with relatively mild disability. In this phase treatment of PD is relatively easy 

and the mainstay is symptom reduction using levodopa (chapter 8). Thereafter comes the 

phase of motor-complications, due to the treatment of disease, and further progression 

of the motor (especially non-dopaminergic reactive) and non-motor symptoms lasting for 

about another five years.(9,10) In this period treatment becomes more complex, but there 

are still a range of opportunities for interventions, such as Catechol-O-methyl-transferrase 

(COMT) inhibition, mono-amine-oxidase–B inhibition, dopamine agonists, and surgery.
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(11) The last phase is defined by the ongoing progression of non-dopaminergic motor 

symptoms (especially PIGD) and non-motor symptoms leading to severe disability (Table 

2).(12,13) The stage is characterized by difficulties in treating these patients by other 

means then supportive care, although new treatments are underway.(14)

Cluster analysis

Classification of this heterogeneous disease is an attempt to explore the underlying etiology 

and may help to predict treatment response and prognosis. Using a statistical approach 

of cluster analysis we identified three subgroups in patients with newly diagnosed PD. 

(chapter 6) There was a younger onset group (mean age at onset 57), an intermediate 

older onset group (mean age at onset 64) with more anxiety and depressive symptoms 

and an oldest onset group (mean age at onset 73). The older onset-groups had higher 

rates of disease progression and motor impairment both responsive and non-responsive 

Table 1. Prognostic factors for the progression of PD in several outcome domains.

Motor impairment Disability Dementia/cognitive 
decline

Nursing home 
placement

Mortality

Marras (2002) Probable
l .Baseline severity of motor impairment
l .Early cognitive impairment

Probable
l .Baseline severity of motor impairment
l .Early cognitive impairment
l .Higher age at onset
l .Presentation without tremor
Conflicting evidence
l .Sex

Suchowersky 
(2006)

Probable
l .Older age at onset
l .Rigidity/bradykinesia as a presenting symptom
Possible
l .Comorbidities
l .PIGD
l .Sex (male)
l .Tremor as a presenting symptom (GOOD!)

(Motor impairment and disability taken 
together as motor progression)

Probable
l .Older age at onset
l .Rigidity/bradykinesia as 

presenting symptom

Possible
l .Older age at onset
l .Dementia
l .Decreased dopamine 

responsiveness

Possible
l .Older age at onset
l .Dementia
l .Decreased dopamine 

responsiveness

Post (2007) Probable
l .none
Possible
l .Dementia
l .SE <70%
l .Lower UPDRS-ME score at baseline
Conflicting evidence
l .Higher age at onset
l .Older age at baseline
l .Longer disease duration at baseline

Probable
l .Higher age at onset
l .PIGD-score
Possible
l .Non-tremor dominant subtype
l .Bradykinesia score
l .Symmetrical disease at baseline
l .Depression
Conflicting evidence
l .Sex

UPDRS-ME = Unified Parkinson’s Disease Rating Scale-Motor Examination; SE = Schwab and England 
disability scale; PIGD-score = postural instability/gait difficulty –score; empty cells indicate that possible  
associations between prognostic factors and concerning outcome domain were not investigated. Quality 
of life was only investigated by Post (2007) and was left out because no prognostic factors could be 
identified.
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to dopaminergic treatment. These findings are in line with three recent systematic reviews 

showing higher age at onset as the most important factor for predicting increased motor 

impairment and rapid accumulation of disability.(6-8)

To date four studies, including ours (chapter 6),  have been published using cluster analysis 

to describe subgroups in PD.(15-18) In the most recent study Schrag described three 

homogeneous groups (young onset, older onset and older onset group with cognitive 

impairment and rapid disease progression), which were mainly based on age and age at 

onset.(16) The research group of Graham also identified three subtypes: patients who were 

motor impaired only, patients with motor and cognitive impairment, and patients with 

an older age at disease onset who rapidly progressed.(15) Lewis described four groups; 

a young age at onset group, a tremor dominant group, a non-tremor dominant group 

wit cognitive and mood disturbances, and a group with rapid disease progression and no 

cognitive impairment.(17) To summarize age at disease onset, cognitive impairment and 

motor subtype seem to be important determinants for classification of subgroups in PD. 

Table 1. Prognostic factors for the progression of PD in several outcome domains.

Motor impairment Disability Dementia/cognitive 
decline

Nursing home 
placement

Mortality

Marras (2002) Probable
l .Baseline severity of motor impairment
l .Early cognitive impairment

Probable
l .Baseline severity of motor impairment
l .Early cognitive impairment
l .Higher age at onset
l .Presentation without tremor
Conflicting evidence
l .Sex

Suchowersky 
(2006)

Probable
l .Older age at onset
l .Rigidity/bradykinesia as a presenting symptom
Possible
l .Comorbidities
l .PIGD
l .Sex (male)
l .Tremor as a presenting symptom (GOOD!)

(Motor impairment and disability taken 
together as motor progression)

Probable
l .Older age at onset
l .Rigidity/bradykinesia as 

presenting symptom

Possible
l .Older age at onset
l .Dementia
l .Decreased dopamine 

responsiveness

Possible
l .Older age at onset
l .Dementia
l .Decreased dopamine 

responsiveness

Post (2007) Probable
l .none
Possible
l .Dementia
l .SE <70%
l .Lower UPDRS-ME score at baseline
Conflicting evidence
l .Higher age at onset
l .Older age at baseline
l .Longer disease duration at baseline

Probable
l .Higher age at onset
l .PIGD-score
Possible
l .Non-tremor dominant subtype
l .Bradykinesia score
l .Symmetrical disease at baseline
l .Depression
Conflicting evidence
l .Sex

UPDRS-ME = Unified Parkinson’s Disease Rating Scale-Motor Examination; SE = Schwab and England 
disability scale; PIGD-score = postural instability/gait difficulty –score; empty cells indicate that possible  
associations between prognostic factors and concerning outcome domain were not investigated. Quality 
of life was only investigated by Post (2007) and was left out because no prognostic factors could be 
identified.
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Figure 1. The progression of Parkinson’s disease I = progression of motor function; showing slowly 
decreasing motor function during the course of the disease, II = development of disability; showing 
relatively mild disability in the first years of the disease, and increasing disability when dopamine system 
complications and non-motor features are more frequent. III = development of non-motor symptoms; 
showing non-motor features throughout the course of the disease, becoming more important in the later 
stages of the disease.

Table 2. Predominant problems in Parkinson’s disease among survivors at 15 years and 20 years follow-
up in the Sydney multi centre study.

Clinical feature 15 years of follow-up 20 years of follow-up 

(n=52) (n=30)

Neuropsychiatric

Cognitive decline 84 …

Dementia 48 83

Daytime sleepiness 79 …

Depression 50 50

Hallucinations 21 74

Axial motor

Falls 81 87

Fractures 23 35

Dysphagia 50 48

Severe dysartria 27 81

Autonomic

Urinary incontinence 41 71

Symptomatic postural hypotension 35 48

Inception cohort of the Sydney multicentre study included 136 patients. All numbers are % of the group 
alive patients; ellipses = not reported.(12,13)
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The technique of cluster analysis (19) has the advantage that one does not have to 

make any assumption about the classification in advance. However, it should be stressed 

that the choice of number and types of variables has an impact on the results and so 

different results can be obtained using different clinical variables measured with different 

instruments. In the future, this problem can partly be resolved by using a minimal clinical 

data set of predefined variables and measures when clinically assessing patients. Such 

a systematic approach has already been implemented in the evaluation of stereotactic 

surgery for PD.(20) A first attempt for a minimal dataset is also made in an appendix to 

the revised version of the UPDRS which provides recommendations about the preferred 

measures to evaluate the different and broad range of symptoms in PD.(21,22)

Cognitive disturbances

The reviews written about prognostic factors in PD suggest that cognitive impairment 

plays a significant role in predicting future functioning, especially later in the disease. 

Furthermore it is one of the most important non-motor symptoms in PD(Table 1).

To investigate the importance of cognitive impairment in (early) PD, all newly diagnosed 

patients underwent an extensive neuropsychological assessment at baseline (chapter 

5). The results indicate that 24% of the patients in our PD sample showed cognitive 

dysfunction, compared to 4% of the age-matched and sex-matched subjects in the 

control group. Additional analysis of individual test performances revealed that deficits 

in the domains of memory, attention and executive function are the core impairment. 

The cognitively impaired PD group was older, included more males, had a later onset of 

disease, greater overall severity of disease, higher depression score, and more severe axial 

symptoms and speech impediments than the cognitively intact PD group. Multivariable 

analysis showed that only age at disease onset was an independent predictor of cognitive 

dysfunction in PD.(23)

When examining our PD sample three years later, we observed a significant decrease 

in performance on most cognitive measures with an incidence of dementia of 8.5% 

during follow-up. The most severe decline occurred on measures of psychomotor speed 

and attention. In the domains of memory, visuospatial skills, and executive function 

deterioration was smaller in magnitude, but still significantly greater than in controls. 

Analysis of cognitive change at an individual level revealed that 48% of the patients 

exhibited cognitive decline not seen in the control group. Cognitive decline appeared to 

occur in a diffuse rather than a specific manner, but deterioration in psychomotor speed 

and attention seemed to be more prominent than in other cognitive areas. None of 
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the baseline demographic and clinical features appeared to be associated with cognitive 

change in the first few years following the PD diagnosis.

In a population-based cohort of patients with newly diagnosed PD patients, 36% 

performed poor on at least one of three cognitive tasks (global cognitive function, 

predominant frontostriatal cognitive dysfunction, and predominant temporalstriatal 

cognitive dysfunction).(24) Cognitively intact subjects were younger at diagnosis and 

had significantly higher premorbid IQ scores compared to patients who were cognitive 

impaired. Follow-up of this cohort, 3.5 years later, showed dementia in 10% of subjects 

and a similar overall proportion of patients with cognitive dysfunction. Patients without 

tremor on baseline and patients performing poorly on the cognitive tasks semantic fluency 

and pentagon copying had faster progression of cognitive dysfunction.(25) Recently 

another population-based incidence cohort confirmed cognitive impairment in early PD, 

with 19% performing poor on one of the three cognitive domains measured.(26) 

To conclude there is evidence of cognitive impairment early in PD, mainly in the domains of 

memory and executive functioning. Furthermore progression of this cognitive dysfunction 

is reported, with non-tremor symptoms being the most important clinical predictor of 

this decline. None of the above studies mentioned the impact of cognitive dysfunction on 

activities of daily living (ADL), although the reported incidence of dementia (8 and 10%) 

is consistent with problems in ADL functioning in this particular subgroup. 

Progression and prognostic factors

In our review (chapter 4) we conclude that cognitive disturbance is an important factor 

for predicting future disability later on in PD. However, when analysing the relation 

between cognitive disturbances and functional outcome using a multivariate model no 

significant association could be demonstrated (chapter 7 and 8). This finding is in contrast 

with earlier systematic reviews in which the prognostic meaning of cognitive function on 

functional outcome has been suggested. A possible explanation of this inconsistency is 

that the studies reported in these reviews had enrolled patients in a later phase of the 

disease, and also had included more demented PD patients. 

Both the review (chapter 4) and the cohort study (chapter 7 and 8) showed that axial 

impairment and age at onset were the main prognostic factors for the progression of PD in 

several domains. In the cross-sectional baseline study (chapter 7) axial impairment (PIGD) 

was strongly associated with disability in mild to moderate PD, whereas self-reported 

mood symptoms and axial impairment were the main factors explaining impaired quality 

of life (QoL).The level of comorbidity had an independent impact on disability and QoL 

beyond the contribution of demographic and clinical features of PD. In the follow-up 
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study (chapter 8) the results of the baseline analysis were used to describe the decline 

and the prognostic factors of motor impairment, disability and QoL over a three year 

period. Motor impairment progressed with three UPDRS-ME points per year. Disability 

also showed a small, albeit significant decline during follow-up, whereas the level of 

QoL slightly deteriorated in the domains Parkinson symptoms and emotional functioning. 

Older age at onset predicted worse motor impairment, more disability and poorer QoL. 

Non-dopaminergic reactive symptoms (axial impairment) and comorbidity contributed 

to more disability and poorer QoL. Affective symptoms were associated with poorer 

QoL. Female sex was associated with a slower progression of motor impairment and less 

decline of QoL.

The results of the follow-up study are largely consistent with the three reviews published 

about the prognosis of PD(Table 1). Sex was described in two of the reviews as a prognostic 

factor with conflicting evidence. Our results in chapter 8 showed that females progress 

slower in time as was stated by Suchowersky.(8) Furthermore we identified comorbidity 

as a new prognostic factor for disability and poorer QoL. Suchowersky already suggested 

that comorbidity may indeed be a possible factor of clinical importance.(8) The other two 

reviews, however, found no evidence.(6,7)

There is an increasing number of longitudinal studies focusing on QoL as outcome 

parameter  in PD (27-29), but only one research group described the progression and 

prognostic factors of QoL in early PD.(30) Marras describes a slight decline in physical and 

mental component score of the SF-36 over 1.5-2 years time, although she questions the 

clinical relevance of her findings. In this study baseline depression and self rated cognitive 

function turned out to be associated with the physical component score, whereas older 

age and worse ADL at baseline were associated with the mental component score. PIGD 

was the only features that deteriorated concurrently with QoL.(30) In the only population-

based prospective study with prevalent PD (27) there was a significant decline in QoL 

during eight years of follow-up as measured with the Nothingham Health Profile. Follow-

up time, higher HY staging (reflecting PIGD), severity of depressive symptoms, and 

presence of insomnia were related to overall change in QoL. Both studies are difficult to 

compare with the results of our follow-up study because of the use of different outcome 

instruments. Nevertheless, all studies, including ours, identified non-dopaminergic 

reactive symptoms and mood disturbances as important prognostic factors for decline 

in QoL. 
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Clinimetrics

The Unified Parkinson’s Disease Rating (UPDRS) scale is a widely used instrument for 

the clinical evaluation of PD.(31) The  scale is subdivided in four sections  (complications 

of therapy, mentation, activities of daily living, and motor examination). The motor 

examination (UPDRS-ME) part quantifies type, number, and severity of extra-pyramidal 

signs in terms of facial expression, speech, tremor (at rest and in action), rigidity, 

bradykinesia (arms, legs and whole body), arising from a chair, posture, gait, and postural 

stability. Traditional the UPDRS is scored by experienced neurologists. In search for the 

most efficient combination of health care professionals to deliver care, nowadays nurses 

perform tasks that traditionally belonged to the domain of the physician. Regarding the 

care of PD patients, this trend is reflected by the fact that the administration of the 

UPDRS is performed increasingly more by nurse practitioners. In chapter 2, we studied 

whether nurse practitioners, residents in neurology and movement disorders specialists 

(MDS) are able to score PD-patients on the UPDRS-ME with comparable reliability. We 

observed systematic differences in UPDRS-ME scores between nurses and residents on 

the one hand and the MDS on the other. This result stresses the importance of quantifying 

the agreement of clinical assessors before the start of a longitudinal study or clinical 

trial. Ideally (but for practical reasons mostly not possible), the same observer should be 

responsible for the assessment of each patient, since intra-rater agreement is in general 

better than inter-rater agreement.(32) This applies even more for individual patient 

management, since the reliability of an instrument for individual patient management 

should be higher than for use in group comparisons in clinical research. Finally, the 

evaluation of rater agreement should not be limited to the calculation of kappa and ICC 

statistics, but should also include the assessment of the extent of inter-rater bias using a 

Bland-Altman plot.(33,34)

During our study an important initiative was taken to revise the present UPDRS. The 

main reasons for this revision were ambiguities in the written text, inadequate instruction 

for the assessors, some metric flaws and the absence of screening questions on several 

important non-motor aspects of PD.(35) The concept of this new scale (the MDS-

UPDRS) has already been published, showing  promising metric qualities. However, more 

clinimetric research is needed (especially with regard to translations in other than English 

language and responsiveness to health change over time) before the MDS-UPDRS can be 

broadly implemented into patient care and clinical research.(22)

Next to motor impairment, disability in activities of daily life (ADL) is another patient-relevant 

health indicator. Assessment of early signs of disability becomes increasingly important in 

the context of current research on neuroprotection and symptomatic treatment in PD. 

Neuroprotection refers to slowing the degeneration of neurons relative to the rate of 
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degeneration in the absence of the intervention early in the disease course. If effective 

this would translate into slowing the progression of physical disability. In symptomatic 

treatment early in the disease, the ADL section of the UPDRS is most often used.

In chapter 3, we presented a new generic instrument to measure patient’s level of ADL: 

the AMC linear Disability Score (ALDS). The ALDS has been developed within the flexible 

framework of item response theory (IRT).(36) Using IRT based outcome measures will 

lead to a more accurate and sensitive way in measuring functional outcome.(37) This is 

especially important in early PD, because the current outcome measures have considerably 

floor effects which make neuroprotective trials prone to a type II error. In our PD cohort 

the ALDS showed convincing clinimetric properties in terms of internal consistency 

reliability, construct and clinical validity, and absence of ceiling effects. At that time of the 

study no data was available to compare the ALDS with the ‘gold standard’ UPDRS-ADL. 

Recently, we have finished a small sub-study comparing both scales at the three years 

follow-up of 70 newly diagnosed PD patients. (chapter 3, part 2) As the two scales intend 

to measure the same disability concept the correlation between both scales was relatively 

lower (r = 0.62) than one might expect. The moderate correlation can be explained by the 

item content of the UPDRS-ADL, which is a confusing mix of items reflecting both ALD 

disability and neurological impairments in tems of tremor and salivation. The ALDS and 

the UPDRS-ADL were able to detect differences in disease severities. Probably due to the 

sample size both scales had insufficiently statistical power to discriminate between H&Y 

grading 1 and 2. In contrast to the UPDRS-ADL, the ALDS turned out to be sufficiently 

sensitive to discriminate between HY stages 2 and 3.

Nowadays, IRT health measurements are becoming increasingly important in diverse 

areas of medicine, including neurology, internal medicine, surgery and rehabilitation.(38-

40) A large incentive for the construction of IRT based items banks is the possibility of 

computer adaptive testing (CAT).(41) With CAT, items are selected from an item bank 

on the basis of individual patient’s responses to previously administered items. With this 

approach patients need only a very limited number of items to obtain a measure that 

accurately estimates, which would have been obtained had the entire set of items been 

administered. At present we are developing a CAT version of the ALDS.

Future research 

For the near future our research group has defined the following scope of research: (1) 

further insight in the long-term course of motor impairment, disability and QoL, including  

the building of prognostic models to use in individual patient care; (2) the development 

of non-motor signs and symptoms especially with regard to orthostatic hypotension; 

189

General discussion

proefschrift Bart Post 11 mei.indb   189 18-5-2009   10:02:21



(3) the interplay between genetics and cognitive profiles; and (4) the development of 

balance and gait disorders. 

About half of the patients with PD suffer from orthostatic intolerance, which has a 

major impact on daily life functioning.(42) Although some underlying mechanisms 

for orthostatic hypotension (OH) are known, essential insights for the diagnosis and 

treatment are lacking. Recently, the concept of delayed OH was described.(43) As PD is 

associated with generalized sympathetic denervation (the system thought to be affected 

in delayed OH), it is likely that OH in PD is often of this delayed type. The objective of our 

recently started study is to assess the frequency of early and delayed OH. Additionally, the 

association between the various characteristics of OH and other symptoms of autonomic 

nervous system dysfunction, motor symptoms, cognitive profile, sleep disturbances, and 

medication use will be investigated.

Another important part of the non-motor symptom complex in PD is cognitive dysfunction. 

Neurochemical changes in PD patients are linked to specific cognitive deficits; for 

example dopaminergic deficits to the dysexecutive syndrome; cholinergic deficits to 

memory loss; and noradrenergic deficits to attentional dysfunction.(44) The influence 

of the dopaminergic system on executive functioning is complex. It is postulated that 

there maybe an optimal relative level of dopaminergic activity in the prefrontal cortex 

compared with the striatum that is required for normal cognitive function, with both 

low and very high levels of prefrontal synaptic dopamine causing impaired cognitive 

performance.(44) The dopaminergic homeostasis is regulated by several enzymes one of 

which is COMT. The enzyme activity is influenced by a single nucleotide polymorphism of 

the human COMT gene named COMT val158met.(45) It is speculated that knowing the 

genotype of the COMT-val158met polymorphism might influence executive function by 

regulating dopamine levels in the prefrontal cortex. When this is true the COMT-val158met 

polymorphism might influence the management of levodopa in clinical practice.

As PD progresses non-motor symptoms and motor symptoms not reactive to dopaminergic 

therapy become more prominent and contribute substantially to the disablement 

process. One of the key features of motor symptoms not reactive to dopaminergic 

therapy is postural instability. The ability to maintain balance deteriorates and patients 

are predisposed to falls, which lead to more morbidity. There is growing evidence that 

cognition is related to gait and postural stability.(46,47) In our cohort study we assess 

postural stability at the five year follow-up using several standardised tests and we 

have register the incidence of falls during the last year before the five year follow-up. 

Furthermore the neuropsychological examination is repeated at five year follow-up. This 

data gives us the opportunity to identify patients at risk of falling and to study the role of 

cognitive functioning in relation to postural stability and gait.

C H A P T E R   9
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The clinical different phenotypes described in literature and this thesis most likely arise 

from complex combinations of genetics and environmental modifiers. To investigate these 

complex interactions research in large patient groups is needed. It is time for a large 

nationwide population-based study on PD to make further progress in understanding the 

etiology, pathophysiology, pathology and heterogeneity in clinical profiles. Hopefully, this 

will give rise to new therapies for this disease.(48)
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Summary

Parkinson’s disease (PD) is the second most prevalent neurodegenerative disease after 

Alzheimer’s disease and will be an increasing burden in the near future. The prevalence 

of PD in industrialized countries is estimated 0.3% in the general population. In a pooled 

estimate for the European population the prevalence is 1.6% for all people aged older 

then 65 years. There is an increase with age to 3.5% in the oldest age groups. In this thesis 

the main aim was to study the clinical profile and the prognosis of (early) PD. Therefore, 

we formed a large clinical cohort of patients with PD and we followed the patients 

for three years. Potential prognostic factors (clinical features, comorbidity, and cognitive 

impairment) and several outcome measures (motor impairment, disability, and quality of 

life (QoL)) were assessed during follow-up. Because the assessment of impairments and 

the assessments of physical disability form an essential part of the thesis, two chapters 

specifically concentrate on clinimetric issues.

The Unified Parkinson’s Disease Rating Scale (UPDRS) is widely used for the clinical 

evaluation of PD. It was unclear whether the UPDRS motor examination (UPDRS-ME) could 

be reliably applied by non movement disorders specialist (MDS). In chapter 2 therefore, 

we describe the rater variability of the UPDRS-ME of nurse practitioners, residents in 

neurology and a MDS compared to a senior MDS. The weighted kappa and ICC statistics 

indicated good to very good inter-rater and intra-rater reliability for the majority of 

individual UPDRS-items and the sum score of the UPDRS–ME in all raters. However for 

inter-rater agreement, it appeared that both nurses, residents, and the MDS consistently 

assigned higher scores than the senior MDS. The intra-rater 95% repeatability limits 

were rather wide. We concluded that there was considerable difference for the whole 

range of UPDRS-ME scores between a senior MDS and nurse practitioners, residents in 

neurology, and a MDS. This implies that the amount by which raters may disagree should 

be quantified before starting longitudinal studies of disease progression or clinical trials. 

Finally, evaluation of rater agreement should always include the assessment of the extent 

of bias between different raters.

To evaluate symptomatic treatment in early disease, the activities of daily living (ADL) 

part of the UPDRS is frequently used, however, this part of UPDRS is confounded by 

items that examine patient’s perceptions of primary disease manifestations (e.g., 

tremor and salivation). Therefore in chapter 3, we present a new generic instrument to 

measure level of ADL in PD patients: the AMC linear Disability Score (ALDS). The internal 

consistency reliability of the ALDS was good with 55 items extending the sufficient item-

total correlation criterion. The ALDS was correlated with other disability measures and 

decreasingly associated with measures reflecting impairments and mental health. The 

ALDS discriminated between more or less severe extra-pyramidal symptoms and patients 
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with postural instability showed lower ALDS scores compared to patients without 

postural instability. Compared to the Schwab and England scale (score 100% = 19%), the 

ALDS had less ceiling effect (5%). We concluded that the ALDS is a flexible, feasible, and 

clinimetrically promising instrument to assess the level of disability in newly diagnosed PD 

patients.

Prior to the cohort study we performed a systematic review of the literature to describe 

the course of PD and try to identify factors that predict change in motor impairment, 

disability, and QoL (chapter 4). We screened 1535 titles and abstracts, and 27 fulfilled 

our inclusion criteria. A meta-analysis to quantitatively aggregate progression scores of 

motor impairment and disability was not possible due to the wide variety of outcome 

measures used and the heterogeneous study populations. Limited evidence is found for 

lower UPDRS-ME at baseline, dementia, and SE<70% as prognostic factors for future 

motor impairment. There is strong evidence for higher age at onset and higher postural 

instability and gait difficulty-score; and limited evidence for higher bradykinesia-score, 

non-tremor dominant subtype, symmetrical disease at baseline, and depression as 

prognostic factors for progression of disability. 

Cognitive disturbances are an important part of PD. In chapter 5, we describe the 

frequency and pattern of cognitive dysfunction in patients with newly diagnosed PD 

and identify its demographic and clinical correlates. Relative to controls, PD patients 

performed significantly worse on most cognitive measures. However, further analysis 

revealed that group differences in cognitive performance could mainly be explained by 

immediate memory and executive function. Comparison with normative data showed 

that impairments were frequent on measures of executive function, memory, and 

psychomotor speed. Twenty-four percent of PD patients (4% of controls) displayed 

defective performance on at least three neuropsychological tests and were classified as 

cognitively impaired. Late onset of disease was an independent predictor of cognitive 

dysfunction in PD.

PD is a heterogeneous disease. In chapter 6, we explored the clinical heterogeneity 

in newly diagnosed PD. We used cluster analysis and described subgroups in terms of 

impairment, disability, perceived QoL, and use of dopaminergic therapy. Cluster analysis 

with a two-cluster solution identified a younger and older age group. The three-cluster 

solution identified an intermediate group with respect to age. In both cluster solutions 

the older onset group progressed faster and suffered more motor impairments. The 

intermediate older onset group in the three cluster solution was characterized by more 

anxiety and depressive symptoms. Increasing age at disease onset was significantly 

associated with higher Hoehn and Yahr stages, level of disability, and lower perceived 

QoL.
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In chapter 7 and 8, we identified factors that independently contribute to disability and 

QoL in patients with mild to moderate PD. In the baseline data axial impairment (postural 

instability and gait difficulty) explained the largest proportion of variance in disability. 

Bradykinesia and comorbidity contributed to disability, but to a lesser extent. Self-

reported mood symptoms and axial impairment were the two factors strongly associated 

with poorer QoL. Comorbidity and bradykinesia contributed to the explanatory power. 

Analyses of the three year follow-up data showed that motor impairment progressed with 

three points per year. Furthermore, a slight progression of disability and QoL was noted. 

Older age at onset predicted worse motor impairment, more disability, and poorer QoL. 

Non-dopaminergic reactive symptoms (axial impairment) contributed to more disability 

and poorer QoL. Comorbidity contributed to disability, but to a lesser extent. Self-

reported mood symptoms and comorbidity were associated with poorer QoL. Female sex 

is associated with a slower progression of motor impairment and QoL.

In chapter 9, the findings of the previous chapters and the implications for clinical practice 

and future studies are discussed.
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Samenvatting

De ziekte van Parkinson (ZvP) is na de ziekte van Alzheimer de meest voorkomende 

neurodegeneratieve ziekte. De prevalentie is gemiddeld 1,6% in de groep van mensen 

boven de 65 jaar, dit loopt op naar 3,5% in de oudste leeftijdsgroepen. Dit proefschrift 

beschrijft het klinische profiel en de prognose van patiënten met de ZvP. Hiervoor hebben 

wij een prospectief cohort gevormd van mensen met de diagnose ZvP. Verschillende 

potentiële prognostische factoren (klinische kenmerken, comorbiditeit en cognitieve 

stoornissen) en verschillende uitkomstmaten (motorische stoornissen, beperkingen en 

kwaliteit van leven) werden tijdens de drie jaar durende follow-up gemeten en gebruikt 

om de prognose te beschrijven. Aangezien het betrouwbaar meten van beperkingen en 

motorische stoornissen een belangrijk onderdeel vormt van deze studie besteden wij ook 

twee hoofdstukken aan de klinimetrische vraagstukken.

De ‘Unified Parkinson’s Disease Rating Scale (UPDRS)’ is de meest gebruikte schaal 

voor de evaluatie van patiënten met de ZvP. Het was echter onduidelijk of de ‘Unified 

Parkinson’s Disease Rating Scale motor examination (UPDRS-ME)’ ook betrouwbaar 

kon worden afgenomen door iemand anders dan een expert op het gebied van de ZvP. 

Daarom wordt in hoofdstuk 2 de betrouwbaarheid van de meting met de UPDRS-ME 

door onderzoeksverpleegkundigen, arts-assistenten neurologie en bewegingsstoornissen 

experts met elkaar vergeleken. De gewogen kappa en de intra-class correlatie coëfficiënt 

toonden een goede inter- en intra-beoordelaars betrouwbaarheid voor de meerderheid 

van de individuele UPDRS-ME items en voor de UPDRS-ME totaalscore. Echter de inter-

beoordelaars overeenkomst toonde dat de senior bewegingsstoornissenexpert de 

patiënten systematisch lager scoorde dan de andere beoordelaars. Wij concluderen 

dan ook dat er een aanzienlijk verschil is in afgenomen scores op de UPDRS-ME tussen 

onderzoeksverpleegkundige, arts-assistenten neurologie en bewegingsstoornissenexperts. 

Dit impliceert dat de mate van overeenstemming tussen de verschillende beoordelaars 

gekwantificeerd moet worden voorafgaand aan longitudinale studies naar ziekteprogressie 

en klinische trials.

Voor de evaluatie van behandeling van de ZvP in onderzoeksverband wordt vaak gebruik 

gemaakt van de UPDRS-ADL. De UPDRS-ADL meet activiteiten van het dagelijks leven 

en zegt iets over de mate van beperkingen die patiënten ervaren. De kwaliteit van de 

UPDRS-ADL is niet optimaal, bijvoorbeeld doordat ook van primaire ziekteverschijnselen 

de perceptie van de patiënt wordt gemeten (zoals tremor en kwijlen). Daarom wordt in 

hoofdstuk 3 een nieuw meetinstrument voor het meten van activiteiten van het dagelijks 

leven bij de ZvP gepresenteerd: de ‘AMC linear Disability Score (ALDS)’. De interne 

consistentie bleek goed. De ALDS correleerde positief met andere maten voor het meten 

van beperkingen. Verder discrimineerde de ALDS tussen patiënten met verschillende mate 
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van ernst van de ZvP en hadden patiënten met balansstoornissen een lagere score op de 

ALDS dan patiënten zonder balansstoornissen. Vergeleken met de ‘Schwab and England’ 

score is bij de ALDS minder sprake van een plafondeffect. Wij concluderen dat de ALDS 

een goed toepasbaar en klinimetrisch veelbelovend instrument is om beperkingen te 

meten bij patiënten met de ZvP.

Voorafgaand aan het cohort onderzoek hebben wij een systematische review (hoofdstuk 

4) verricht naar het beloop en de prognostische factoren bij de ZvP. Wij beoordeelden 

1535 artikelen waarvan er 27 voldeden aan onze inclusiecriteria. Een meta-analyse was 

niet mogelijk in verband met de klinische en methodologische heterogeniteit van de 

geïncludeerde onderzoeken. Met behulp van een kwalitatieve analyse werden sterke 

aanwijzingen gevonden dat een hogere leeftijd bij het begin van de ziekte en houdings- 

en balansstoornissen de belangrijkste voorspellers zijn voor slechter functioneren in de 

toekomst.

Cognitieve stoornissen zijn een belangrijk onderdeel van de ZvP. In hoofdstuk 5 beschrijven 

wij de frequentie en het patroon van cognitief disfunctioneren bij patiënten met recent 

gediagnostiseerde ZvP. Vergeleken met gezonde personen scoorden de patiënten met 

de ZvP op de meeste afgenomen cognitieve tests slechter; vooral op geheugentaken en 

taken die de uitvoerende functies meten waren de verschillen uitgesproken. Vierentwintig 

procent van de patiënten met de ZvP (ten opzichte van vier procent van de controles) 

toonde afwijkingen op ten minste drie tests. Een hogere leeftijd bij het begin van de 

ziekte was een onafhankelijke voorspeller voor cognitief disfunctioneren.

De ZvP is een heterogene ziekte. In hoofdstuk 6 onderzochten wij de klinische hetero-

geniteit met behulp van de statistische techniek clusteranalyse. Deze techniek toonde 

dat er bij een twee-cluster-oplossing een groep met een jongere en een groep met een 

oudere beginleeftijd was te onderscheiden. De drie-cluster-oplossing toonde drie aparte 

groepen voornamelijk gedefinieerd op basis van leeftijd. In beide analyses was de oudste 

groep geassocieerd met snellere ziekteprogressie en ernstiger motorische symptomen. 

Een hogere leeftijd bij het begin van de ziekte was duidelijk geassocieerd met een hogere 

‘Hoehn and Yahr’ score, meer beperkingen in het dagelijks leven en een lagere kwaliteit 

van leven.

In hoofdstuk 7 en 8 beschrijven wij factoren die geassocieerd zijn met beperkingen 

en een slechtere kwaliteit van leven bij de ZvP. In de cross-sectionele analyses waren 

axiale problematiek (houdings- en balansstoornissen), bradykinesie en comorbiditeit 

het meest geassocieerd met het hebben van beperkingen. Zelf gerapporteerde 

stemmingssymptomen, axiale problematiek, comorbiditeit en bradykinesie waren vooral 

geassocieerd met een slechtere kwaliteit van leven. Analyse van de prospectieve data 

toonde dat er in het begin van de ziekte slechts een zeer geringe progressie is van 

zowel motorische symptomen als beperkingen en kwaliteit van leven. De belangrijkste 
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voorspeller voor meer problemen in de toekomst was een hogere leeftijd bij het begin 

van de ziekte. Daarnaast waren er aanwijzingen dat axiale problematiek en comorbiditeit 

ook belangrijke voorspellers zijn. Het vrouwelijk geslacht is geassocieerd met een tragere 

progressie van motorische symptomen.

In hoofdstuk 9 beschrijven wij de bevindingen van dit proefschrift op het gebied van 

heterogeniteit, cognitieve stoornissen en de belangrijkste voorspellers van toekomstig 

functioneren in het licht van de huidige stand van de wetenschap.
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Dino Muslimovic, partner-in-crime, samen ons hele promotietraject gedaan en nu bijna 

gelijk klaar, dank voor je goede gezelschap en je messcherpe analyses.

De (oud-) leden van de CARPA-onderzoeksgroep: Joost Dekker, Guus Lankhorst, Frans 

Nollet, Anita Beelen, Els van den Ende, Martijn Steultjens, Cindy Veenhof, Maruschka 

Merkus, Gaby van Dijk en Janneke Stolwijk-Swuste.

Alle neurologen, arts-assistenten en medewerkers van het Medisch Centrum Alkmaar, 

Meander Medisch Centrum Amersfoort, het Sint Lucas Andreas ziekenhuis, het Slotervaart 

ziekenhuis, het OLVG en het AMC die hebben meegewerkt aan het CARPA-onderzoek.

Jan Stam, opleider en jarenlang begeleider van mijn chronische poli, voor je heldere 

visie op de neurologie en de wetenschap, voor het DNA en voor de ruimte om de 

epidemiologieopleiding te volgen.

De bewegingsstoornissengroep, voor een leuke, leerzame en stimulerende omgeving. 

Laten we dat zo houden.
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De mannen van THV en Joost, voor de broodnodige ontspanning. To all my friends!

Martin, Vera, Bart en Alicia, ik kan me geen betere schoonfamilie voorstellen. Dank voor 

alle steun, muchas gracias.

Erik, Elsbeth en Joris, de basis ligt in ons gezin. Jullie hebben mij mede gemaakt tot wat 

ik nu ben. Ik hoop op nog vele mooie jaren samen.

Sietske, Ties, Yfke en Saartje, het boek is klaar, dankzij jullie vreugde en enthousiasme 

heb ik het kunnen volhouden. Laten we samen genieten van het leven zoals het komt en 

verder gaan op de door ons ingeslagen weg. Siets, “In Rod we trust”!
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Curriculum Vitae

Bart Post was born on March 30, 1972 in Grootebroek. He graduated form secondary 

school in 1990 (Rijks Scholen Gemeenschap Hoorn). After a bachelor in health sciences 

at the University of Maastricht, he started his medical studies at the same University 

and obtained his medical degree in 1999. During his study he was teaching assistant 

at the department neurology (dr. F.W. Vreeling). He was vice-chairman of the student 

society KOKO. After graduation he worked as a resident in Neurology in Hilversum. In 

2000 he started his training as a resident in Neurology at the Academic Medical Centre 

in Amsterdam, which was finished in december 2008 (Prof. dr. M. Vermeulen, Prof. dr. J. 

Stam and dr. J.H.T.M. Koelman). In 2002 he started the research project on ‘Prognosis in 

Parkinson’s disease’ resulting in this thesis (Prof. dr. M. Vermeulen, Prof. dr. R.J. de Haan, 

Prof. dr. J. Dekker and dr. J.D. Speelman). He is a member of the movement disorders 

working group in the Academic Medical Centre in Amsterdam. In 2006 he was awarded a 

European scholarschip for attending Cochrane workshops. In 2006 he started a master of 

Sciences (MSc) education in clinical epidemiology at EMGO institute in Amsterdam, which 

he will finish in 2009. He is now working as a neurologist and fellow in child-neurology at 

the Academic Medical Centre in Amsterdam. He is married to Sietske Grol and they have 

three children: Ties, Yfke and Saartje. Since his fathership he works part-time.
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