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Introduction

The idea of sorting similar things into categories is fun-
damental to most branches of science. In biology the
theory of classifying organisms is known as taxonomy,
and uses a “polythetic” system in which classifications
are based on many characteristics of the objects being
studied, as opposed to “monothetic” systems, which use
a single characteristic to produce a classification [76]. A
similar approach may be employed in the study of dis-
eases.

Different classifications of disease divide patients
into groups based on a set of rules, and are not “right or
wrong”,but may be more or less useful depending on the

particular disease, the clinical setting and the priorities
of the individual using the classification. In this review,
we explore the concept of heterogeneity in Idiopathic
Parkinson’s Disease (IPD), and discuss how the develop-
ment of a classification may help both in clinical predic-
tions of treatment response and prognosis, and in at-
tempts to define the aetiology of the condition. A
classification describing this heterogeneity ought to
have use both in the clinical assessment and manage-
ment of patients as well as being consistent with, and
contributing towards our understanding of the underly-
ing pathological disease processes.
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■ Abstract The diagnosis of Idio-
pathic Parkinson’s disease (IPD)
requires post mortem neuropatho-
logical confirmation to be secure,
since there is marked heterogeneity
in the clinical phenotype of these
patients. Pathologically confirmed
IPD encompasses a spectrum of
microscopic appearances with re-
spect to the extent and distribution
of Lewy Body deposition, which
may reflect the clinical phenotypes
observed during life. In this review,
we discuss how IPD is currently de-
fined and the purpose and applica-
tions of a classification of the dis-
ease. We have also performed a
systematic review of the literature
to present the quantitative evi-
dence on which potential classifica-
tions of the disease might be based.
This evidence suggests that sub-

groups based on age of onset, mo-
tor presentation, or subsequent
motor phenotype may have some
use in predicting disease progres-
sion. However, further clinico-
pathological studies are required to
evaluate pathological heterogeneity
within these groups.

Clinical sub-groups may be re-
lated to a variety of as yet un-
known risks, including genetic fac-
tors for both the familial and
sporadic forms of the disease, and
may have far reaching conse-
quences for our understanding of
disease pathogenesis and treatment
strategies.

■ Key words heterogeneity ·
Parkinson’s disease · definition ·
classification · cluster
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How is Idiopathic Parkinson’s Disease defined?

In order to define heterogeneity, one first needs to es-
tablish the definition of the disease under consideration.
Neuropathologically, IPD is defined as the selective de-
generation of pigmented, dopaminergic neurons of the
substantia nigra pars compacta (SNc) and other brain-
stem nuclei, with the presence of α-synuclein positive
staining cytoplasmic inclusions (known as Lewy bodies)
in the surviving neurons [1, 14, 16, 21, 77].

Indeed, the post-mortem neuropathological exami-
nation of the brain is widely accepted to be the only cer-
tain way to diagnose IPD [36] despite the fact that most
cases are never confirmed neuropathologically. The pre-
cision of this pathological definition of the disease must
be given substantial consideration, since this currently
represents the most robust diagnostic tool.

Degeneration of pigmented neurons in IPD patients
tends to be most marked in the ventrolateral region of
the SNc, and this regional selectivity has been used as
the basis for distinguishing between IPD and other
neuro-degenerative diseases of the basal ganglia [14].
The extent of neuronal degeneration in other brainstem
nuclei may also vary,as may the absolute number and lo-
cation of Lewy bodies [21], therefore patients with quite
variable pathological appearances currently fulfill the
pathological definition for IPD.

Indeed, it seems that a spectrum of pathologies may
exist, ranging from patients with a small number of sub-
cortical Lewy bodies at post mortem examination and
no parkinsonian symptoms in life – so called “Incidental
Lewy body disease” [15], to patients with Lewy bodies
spread throughout both cortical and subcortical areas
with varying degrees of parkinsonian features and de-
mentia – known as “cortical Lewy body disease” or “De-
mentia with Lewy bodies” [24]. However, the majority of
“IPD” patients appear to have some cortical Lewy bod-
ies [33] and distinguishing between IPD and “cortical
Lewy body disease” is currently impossible on a qualita-
tive or quantitative pathological basis [47]. Further,
whilst Lewy bodies form part of the definition of IPD,
they have also been seen in other conditions including
progressive supranuclear palsy [18], amyotrophic lateral
sclerosis [61], and Alzheimer’s disease [9], and therefore
the pathological diagnosis of IPD is heavily dependent
on the pattern and extent of Lewy body distribution.

The pathological definition of the disease remains
the essential part of the investigation of the disease by
scientists and possibly even epidemiologists; however, it
is of little help for clinician and patient in the absence of
any diagnostic test for the disease in life.

Clinical definitions of IPD describe a disorder of un-
known aetiology, characterized by bradykinesia, resting
tremor, cogwheel rigidity, and postural reflex impair-
ment, present in varying degrees [81], and accompanied
by a range of cognitive abnormalities, from subtle

frontal lobe deficits [46, 62] to profound dementia [6].
Several diverse entities, including toxins, pharmacolog-
ical agents and focal or vascular lesions of the basal gan-
glia can produce syndromes clinically indistinguishable
from IPD, leading to lower precision in the clinical defi-
nition of the disease.

Clinico-pathological studies using case series show
that an initial diagnosis of IPD is inaccurate in 35 % of
patients, falling to 24 % after a mean disease duration of
12 years [36, 68, 85]. Most misdiagnosed patients turn
out to have either progressive supranuclear palsy, multi-
ple system atrophy, Alzheimer’s disease or vascular
parkinsonism [36].

Two studies have sought to identify the optimum
combination of clinical criteria to make the diagnosis of
IPD, by calculating the sensitivity, specificity and posi-
tive predictive value for 15 possible features among 100
patients with pathological evidence of diagnosis [34,
85]. Application of strict clinical criteria improves diag-
nostic accuracy to 82 %, but also leads to exclusion of
more than 30 % of pathologically genuine IPD patients
[34].

It is this variation in both the clinical spectrum of
IPD patients and the underlying pathological appear-
ance of the brain that suggests that genuine and mean-
ingful heterogeneity exists. This heterogeneity will be
under the influence of genetic factors, the extent of ex-
posure to environmental agents and also the presence of
co-pathologies.

Approaches to the classification of IPD

To date, the majority of attempts to classify IPD have
been based on testing a priori hypotheses. Groups of pa-
tients are collected based on whether they share a par-
ticular feature, and then the subgrouping is evaluated by
making further comparisons with respect to other fea-
tures of the disease. This method has been criticized as
being too arbitrary in the choice of initial sub-grouping
[25] but has yielded much information that can be uti-
lized in future studies. The following section is a sys-
tematic review of the basis for sub-classifying IPD,
following a literature search of the Medline databases
1966–2000,using exploded MeSH headings,“Parkinson”
and “Heterogeneity”. Further publications were identi-
fied from the reference sections of those papers identi-
fied. It is clear that there is a degree of inter-dependence
of the clinical features observed in all pre-defined
groups of patients, which adds to the difficulty in pro-
ducing any simple classification.
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■ Heterogeneity based on Clinical Phenotype

Age of Onset

A classification of IPD on the basis of age, has distin-
guished juvenile onset (JOPD – onset pre age 21), young
onset (YOPD – age 21 to 40) and late onset cases 
(LOPD – onset > 40 years) [23] using a variety of clini-
cal features and outcome measures to estimate the use-
fulness of the classification.

Eight case series have found that IPD progresses more
slowly in patients with earlier symptom onset [3, 8, 22,
37, 45, 72, 74, 87] although any case series may be subject
to possible selection bias, and thus may not be represen-
tative of all cases within a population. For example,
slower progressing, older onset cases may be less likely
to present to tertiary hospital services and get included
in this type of study. This selection bias is eliminated in
the only population-based study [54], where a signifi-
cant correlation between younger age at onset and
slower rate of disease progression has also been re-
ported. In contrast, Hoehn and Yahr found age of onset
made no difference to the rate of progression in their
case series [31], and two studies found less disability in
patients with later symptom onset [48, 57].

A further criticism of these studies is that diagnosis
was based on clinical grounds only without pathological
confirmation of disease. Seventy seven per cent of juve-
nile onset parkinsonism cases are now thought to be due
to “parkin” mutations which leads to a different patho-
logical diagnosis [51, 58]. Thus the results of studies in-
volving young onset cases of parkinsonism may be bi-
ased by the inappropriate inclusion of patients with
“parkin” mutations.

When only pathologically confirmed cases are exam-
ined [20], mean disease duration before death still tends
to be longer in young onset cases; however, the length of
disease before death may not necessarily be any reflec-
tion on the rate of progression to extreme disability dur-
ing life.

Increased age of onset of IPD has also been associ-
ated with increased risk for incident dementia in nine
case series of IPD patients [10, 12, 29, 37, 49, 55, 66, 70,
79] and in two population studies [11, 54]. These stud-
ies took into account disease duration and used age
matched controls for comparison, which excluded the
effect of a higher background rate of dementia. Patients
with early onset disease also perform less well than
their age matched control subjects in memory tests re-
quiring mental processing [10, 29]; however, the neu-
ropsychological deficit of the late onset PD group is
more global than that found in the early onset patients,
when compared with their age matched controls [10].
Again, it is impossible to judge how many “parkin” pa-
tients might have been included in most of these earlier
studies, and the only study of “parkin” patients showed

no significant difference in MMSE score between juve-
nile parkinsonian patients, positive or negative for the
mutation [51].

In one series with pathological confirmation of dis-
ease [35], the mean duration of disease at the time of de-
veloping dementia was longer in those with an early dis-
ease onset than in those with late onset. (Early onset in
this study being defined as < 60 years). The overall risk
of development of dementia was, however, independent
of age at disease onset.

Focal dystonia has been shown to occur particularly
frequently in YOPD cases in six case series [19, 20, 40, 42,
67,83].Four of these studies [19,20,42,67] and one other
[35] also found a higher frequency of levodopa induced
dyskinesias in YOPD patients series. This result is con-
sistent even in pathologically confirmed cases [20],
which eliminates any misclassification bias due to inclu-
sion of “parkin-mutation” positive patients. In the only
study performed thus far, patients with mutations in the
“parkin” gene are more likely than juvenile parkinson-
ism patients negative for “parkin”, to have symmetric in-
volvement at onset and improvement with levodopa,
and to develop dystonia and levodopa induced dyskine-
sias [51].

Only one study has linked younger age of disease on-
set with a predominantly tremulous subgroup of PD
[87]; two other studies present equivocal or contradic-
tory findings [20, 72]. Overall, it would seem that YOPD
patients have less cognitive problems than patients with
later disease onset, and have a disease that progresses
more slowly, but have a higher incidence of dystonia and
levodopa-induced dyskinesias.

Motor Phenotype

Classifications of IPD on the basis of motor phenotype
have been evaluated in a similar way. Distinctions are
made between motor symptoms at presentation of the
disease and the symptom dominance as the disease pro-
gresses, since some patients suffering from tremor at
presentation become predominantly bradykinetic or
rigid later in the disease [28, 63].

Two case series [31, 72] and one population based
study [54] have found resting tremor at presentation to
be associated with a slower rate of disease progression.
Three further case series also found slower rates of pro-
gression in patients presenting with resting tremor
compared to patients presenting with predominant
bradykinesia or rigidity [22, 28, 37] although in these se-
ries levels of significance were not reached. It is possible
that the results of studies such as this are biased by the
inclusion of patients with Essential Tremor, rather than
IPD.

Six case series have all concluded that patients who
continue to have tremor dominance after 2 to 7 years
have been found to progress more slowly than those
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with predominance of rigidity, bradykinesia or gait dis-
order [28, 31, 32, 37, 73, 87].

Seven case series [32, 50, 60, 64, 66, 70, 87] and two
population studies [11, 53] have shown associations be-
tween motor phenotype and cognitive impairment. Pa-
tients with predominant postural instability [87], gait
disorder [50, 64], rigidity [32, 53] and bradykinesia [11,
32, 53] have been associated with greater cognitive im-
pairment than patients with tremor dominant disease.A
further study reported greater subjective intellectual
impairment in patients with predominant postural in-
stability and gait disturbance (PIGD), than patients with
tremor dominant disease although formal neuropsy-
chological tests failed to confirm this difference [37].

The only clinico-pathological study with data re-
garding motor onset found no significant relationship
between type of onset or subsequent disease pattern and
survival, and incidence of dementia [35]. This may have
been influenced by low numbers of patients with tremor
dominant disease –1/7 tremor dominant patients devel-
oped dementia compared with 9/16 akinetic-rigid pa-
tients. Of the patients with dementia, 29 % had
Alzheimer’s disease, 10 % had numerous cortical Lewy
bodies, and 6 % had a possible vascular cause, but no
pathological cause for dementia was found in 55 % [35].
This highlights the difficulty associated with co-mor-
bidity in the investigation of the heterogeneity of dis-
ease.

In summary, patients with tremor dominant disease
several years into their illness, seem to have a more
slowly progressive disorder than those with PIGD, and
less in the way of cognitive disturbance.

Rate of progression

The rate of progression of disease itself has also been
considered as a basis for sub-classification. Most studies
evaluate progression in disability using the scale devised
by Hoehn and Yahr [31]. The major limitation of a clas-
sification based on disease progression is the difficulty
in classifying patients at initial diagnosis, and is thus of
limited value for the clinician.As discussed, both tremor
dominant disease and younger age at symptom onset
have been strongly associated with a slower rate of dis-
ease progression. It is possible that these relationships
will lead towards a classification of the disease that is of
use in the clinical setting.

Cognitive Impairment

Classifications of PD subgroups generally evaluate the
extent of cognitive involvement among the groups as an
outcome measure, rather than a basis for sub-grouping
patients. One case series [59] and one population based
study [52] defined patient groups on the basis of cogni-
tive impairment, and found patients with either visuo-

spatial deficits or dementia to have greater bradykinesia
and rigidity than patients with lesser cognitive impair-
ments. A further case series considered cognitive im-
pairments in more detail [70], finding bradykinesia to
be associated with widespread cognitive impairment,
rigidity to be associated with impaired verbal fluency
and visuo-spatial skill, and tremor was correlated with
impaired auditory verbal learning, visual memory and
choice reaction time.

Although there is no clear qualitative or quantitative
neuropathological basis to distinguish IPD from de-
mentia with Lewy bodies (DLB), clinical criteria to dis-
tinguish DLB from IPD and Alzheimer’s disease have
been proposed [56], in the hope that a patient’s clinical
course or therapeutic response may be more pre-
dictable. The criteria for DLB describe the core feature
of a progressive dementia accompanied by fluctuating
cognition, recurrent visual hallucinations or sponta-
neous motor features of parkinsonism. Possible surro-
gate markers to distinguish Lewy body diseases from
Alzheimer’s disease may also exist, including decreases
in the catecholaminergic innervation of the heart [86];
however, the sensitivity, specificity and usefulness of
these criteria and markers require further studies.

Each clinical feature of IPD appears to have a degree
of inter-dependence with the other clinical features ob-
served. In addition to the observed clinical heterogene-
ity, any classification of IPD into subtypes requires the
support of further pathological examinations and cor-
relations between clinical phenotype and pathological
appearance. The recent identification of genetic muta-
tions [17, 51, 65], and variation in the relative risks for
particular environmental exposures in different patient
subgroups [72] may assist in the production of a mean-
ingful classification [82].

■ Heterogeneity based on Pathology

Only two studies have performed neuropathological ex-
amination of the substantia nigra of patients with IPD to
look for heterogeneity of pathology between different
patient motor phenotypes, and both found higher neu-
ronal loss in the substantia nigra of patients with
marked akinesia and rigidity, than in those with pre-
dominant resting tremor [63,71].Both these studies also
found that loss of neurons from the medial SNc is more
often associated with dementia.

The selection of patients for a neuropathological ex-
amination post mortem may lead to an additional bias
in these studies if the selection process is based on par-
ticularly severe or unusual disease features. These study
results should ideally be checked for consistency within
a representative cohort of PD brains.
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■ Heterogeneity based on Genetics

Two gene mutations causing neuropathologically typi-
cal IPD have been identified in a small number of fami-
lies [17, 65]. Screening IPD patients for these mutations
has, however, not proven useful owing to their low fre-
quency [17, 44]. Both of these mutations are inherited in
an autosomal dominant fashion and families carrying
them tend to have parkinsonian symptom onset at a
young age and progress rapidly. Whether a patient with
PD symptoms due to a confirmed genetic mutation
should be considered “Idiopathic”, again questions the
precision and specificity of our pathological definition
of IPD, but may be useful in understanding the mecha-
nisms of neurodegeneration and Lewy body formation.
The issue is further complicated following the descrip-
tion of a patient carrying one of these mutations and
suffering from symptoms of parkinsonism, but having
no Lewy bodies on neuropathological examination
(cited in [27]).

Mutations in a gene on Chromosome 6, now known
as the “parkin” gene lead to disease in an autosomal re-
cessive fashion [41]. Pathological examinations of pa-
tients with mutations in this gene have shown an ab-
sence of Lewy bodies [58], suggesting that the
pathological process differs from that of IPD. This gene
has been found to be responsible for 77 % of patients
with parkinsonism with an age of onset of 20 years or
younger, but only 3 % of patients with an onset between
30 and 45 years [51]. The intracellular function of nor-
mal “parkin” protein as a ubiquitin ligase and a possible
role for this enzyme in the formation of Lewy bodies,
may explain the lack of Lewy bodies seen in patients
with mutations in the “parkin” gene [75]. It may also be
that it is the failure of this enzyme, which leads to intra-
cellular protein accumulation and dopaminergic cell
loss [26, 75].

A genetic element may also be important in some
cases of “sporadic” disease. Inheritance of certain genes
may inevitably lead to the clinical and pathological fea-
tures of IPD, whereas other genes may require the ex-
posure to environmental agents, or multiple other gene
mutations before the disease can evolve [38]. Multiple
studies have sought association between various genes
and the much more common,apparently sporadic forms
of the disease, finding little consistency between hetero-
geneous populations of patients [80].

■ Heterogeneity based on Aetiology

The results of 30 studies investigating environmental
risk factors for IPD have recently been reviewed [43].
Rural residence, well water consumption, pesticide or
herbicide exposure, various dietary factors, smoking
and head injury have all been identified as potential risk

factors in case control studies. Relationships between
these risk factors and varying groups of patients have
been inconsistent, raising the possibility that there is
heterogeneity in risk from different exposures for dif-
ferent people. Four studies have, however, found no
change in relative risk for environmental exposures cal-
culated separately in young or old onset cases of IPD [7,
43, 78, 84] .

Two studies have described greater frequency of
rural living [72, 82] or head trauma among young onset
cases, but no variation in exposure level for subgroups
based on motor phenotype [72]. Whether heterogeneity
in exposure risk exists between phenotypic sub-groups
requires further studies, especially given the recent ex-
perimental data on rotenone [2].

■ Heterogeneity based on Brain Imaging

Both positron emission tomography (PET) and single
photon emission computerised tomography (SPECT)
imaging are sensitive means of detecting impaired stri-
atal dopaminergic function [5]. Although there have as
yet been no clinico-pathological studies of IPD that
have included imaging data, PET studies have lead to
greater understanding of the anatomical dysfunction
underlying bradykinesia, rest tremor and the develop-
ment of dyskinesias and fluctuations [4]. Imaging stud-
ies have recently also highlighted the importance of
sites outside the nigro-striatal system in the disease
process [69]. There have also been limited imaging
comparisons of subgroups of IPD on the basis of gen-
der [39] and “parkin positive” status [30] however more
detailed comparisons based on clinical phenotype, or
other genetic and environmental risks remain to be per-
formed.

■ Data Driven Classification of IPD

Classifications for diseases that are both useful and ob-
jective can also be achieved using statistical techniques
known as “cluster analysis”. These techniques seek to di-
vide a set of patients into clusters, such that any patient
belongs to one cluster only, and the complete set of clus-
ters contains all the patients. Each cluster should ideally
have internal cohesion and external isolation. Methods
of cluster analysis are largely intended for generating
rather than testing hypotheses [13]. The technique
should be used with care, with awareness that the choice
and number of variables selected for inclusion in a clus-
ter analysis, as well as the number of clusters sought, can
have profound effects on the results [13]. Clusters de-
rived from the technique may be very valuable, but may
also represent chance findings in a dataset, or may gen-
erate clusters on what is simply random variation in
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measured variables. Clusters that are significantly dif-
ferent from each other on the basis of the variables in-
cluded in the analysis are almost inevitable.Evidence for
a meaningful clustering solution can be examined
graphically or by comparing the clusters formed on the
basis of other variables, which were not included in the
analysis.

Cluster analysis has been applied to a case series of
patients with IPD [25] with the formation of three sub-
groups of patients, a “motor only”, a “motor and cogni-
tive”, and a “rapidly progressive” group. Not unexpect-
edly, these subgroups differed on the basis of the
variables that were entered into the original clustering
model. However, a few further differences were also
found between these groups with respect to patient vari-
ables such as “postural instability” and “symptomatic
orthostasis” that were not entered into the clustering
model.

Any such classification derived through a cluster
analysis requires repeat testing on further representa-
tive cohorts of patients of sufficient sample size, to en-
sure the validity and reliability of the clustering solution
and its subsequent usefulness assessed for both clinician
and / or scientist.

Discussion

There is some evidence that a classification based on
phenotypic patterns of disease may be of some use for
the clinician in predicting progression for different
groups of patients with IPD. It is possible that age itself
alters the expression of the disease although further
clinical differences between a benign early onset group

and a malignant late onset group persist even after ad-
justment for age at the time of assessment [37].

A classification is more likely to be of both clinical
and scientific value if variation in clinical phenotype is
accompanied by consistent pathological, aetiological or
genetic evidence to support it. The possibility of diag-
nostic error in studies with only clinical data must also
be stressed, since about 20 % of clinically diagnosed PD
patients are found to have alternative diseases at autopsy
[36]. When cases are restricted to those with pathologi-
cal confirmation of disease, heterogeneity in young ver-
sus old subgroups of PD is restricted to greater nigral
cell loss in the young onset cases in accordance with the
longer disease duration [20]. The cellular morphology
and frequency of Lewy bodies in the substantia nigra is
identical in the young and old onset cases [20].

Currently, there is very little evidence derived from
population-based studies on which to investigate het-
erogeneity and there are limited data from studies with
neuropathologically confirmed disease. Further explo-
ration of the heterogeneity of IPD can be conducted op-
timally using a population based cohort of cases with
prospectively collected clinical and genetic data and
with the ultimate, pathological confirmation of disease
status being essential. Sensitivity of case detection can
be maximised by being over-inclusive at the recruitment
stage, and then refining the data using the neuropatho-
logical definition of IPD. Whether cluster analysis tech-
niques can lead to objective and useful classifications of
the disease requires further testing.
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