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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.
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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.
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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 
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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.

C H A P T E R   6
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