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Predicting Parkinson’s
Disease
Abstract
The diagnosis of Parkinson’s disease is often
not made until the pathology is advanced. The
existence of prodromes prior to diagnosis are
now well recognised. In this review, we focus
on the research attempting to characterise
prodromal disease with the ultimate aim of
identifying individuals that would benefit from
early initiation of neuroprotective therapies.
Why should we predict Parkinson’s
disease?
Parkinson’s disease (PD) is the second most
common neurodegenerative condition after
Alzheimer’s disease, and is associated with
increasing age. As population demographics
change worldwide, the prevalence and
societal burden of PD will grow.1 Currently the
diagnosis is made once key motor features of
rigidity, tremor and bradykinesia are established, correlating with an approximate loss of
half of the neurons within the substantia nigra.2
Thus, in terms of pathology, PD is not diagnosed until an advanced stage of the disease;
limiting the potential benefits that might be
obtained from neuroprotective therapies.
Over the last decade, the existence of a
prodromal (or pre-diagnostic) phase of PD has
become evident. This may extend up to 20 years
prior to diagnosis,3 during which time a variety
of non-motor symptoms may emerge. These
features include autonomic symptoms such
as orthostatic hypotension, bowel, bladder
and sexual dysfunction; olfactory dysfunction;
sleep disorders such as REM-sleep behaviour
disorder (RBD); excessive daytime somnolence; and cognitive and mood changes. This
phase is unlikely to be exclusively non-motor,
and increasing evidence suggests subtle motor
dysfunction is also present at this time.4
Up to 2% of people aged between 65 and 69
years are likely to be in the prodromal phase of
PD, with higher proportions at increasing ages.5
A method to identify those at high risk of PD
is a vital pre-requisite to enrolment in clinical
trials, and subsequently to screen the population and select those likely to gain benefit from
preventive or disease-modifying treatments.
How should we predict PD?
Prediction in high-risk cohorts
Several groups have adopted an ‘enrichment’
approach by identifying individuals with a
single strong risk factor such as non-manifesting GBA or LRRK2 gene mutation carriers.
Here we use an alternative example of patients
with RBD confirmed using polysomnography
(PSG-RBD). The lifetime risk of individuals
with PSG-RBD developing a synucleinopathy
(PD, multi-systems atrophy (MSA) or dementia
with lewy bodies (DLB)) exceeds 70%.6 Such

a high magnitude of risk may justify enrolment into clinical trials without further selection because the proportion that develop
parkinsonism is approximately 10% per
year.7 However, the application of a secondstage test could decrease the length of trial
follow-up required. For example, stratifying
an RBD cohort according to the presence of
additional prodromal symptoms, such as mild
motor dysfunction and impaired olfaction, has
been shown to identify subpopulations with
a greater than 60% risk of PD development
at three years.7 One problem is that patients
with idiopathic RBD can be difficult to identify; the disorder is not common and the
diagnosis requires an overnight sleep study.
PSG is expensive and time-consuming, and
may be of limited value in identifying very
large cohorts of individuals at risk of PD. It is
also likely that RBD-associated parkinsonism
represents a variant of the disease with greater
cognitive impairment and more autonomic
dysfunction, giving rise to a ‘diffuse/malignant’
subtype of PD; characterised by an accelerated
decline in motor and non-motor functions.8 If
disease-modifying therapeutic success were
achieved in these patients, it may not necessarily be replicated in a wider prodromal PD
population.
An ‘enriched’ population may also be identified through the use of a multi-stage screening
process: the primary stage would involve
the application of a high-sensitivity ‘test’ to
a general elderly population, followed by a
second stage test, such as imaging, to achieve
greater specificity for prodromal disease detection. Jennings et al. (2017)9 used this strategy
to screen a general population cohort for
hyposmia with the widely used University of
Pennsylvania Smell Identification Test, and
hyposmic individuals subsequently underwent
(123I)ß-CIT SPECT scans. This method yielded
promising results with a high specificity for
prodromal PD detection (98%), and relatively
good sensitivity (74%) and positive predictive
value (PPV, 67%).
Prediction models in the wider
population
An alternative method is to apply a ‘risk algorithm’ to an unselected elderly population.
Such algorithms use a Bayesian naïve classifier
approach to add or subtract ‘likelihood ratios’
associated with the presence or absence of
multiple risk or protective factors, imaging
abnormalities, and/or prodromal symptoms.
Several groups have adopted such a method
and the results are outlined in Table 1.
Interest in prediction models has increased
in recent years, with the recognition that they
hold certain advantages over the enrichment
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Table 1 – Prediction models and their application
Prediction model

Application of model to a longitudinal cohort

Name

Model type

Prediction
strategy

Participants

PSG, imaging
or genetics
included?

Outcome

Duration of
follow-up

Results*

PREDICT-PD12

Bayesian
naïve classifier
combining
age-related
risk with RRs
of risk factors
/ prodromal
markers

Online approach
– questionnaire
to examine
risk factors
and prodromal
symptoms

PREDICT-PD
cohort: 1323
subjects >60
years

Genotyping

Clinical PD

3 years

HR 4.39 (95% CI
1.03 – 18.68)

Rotterdam study
cohort: 6492
subjects >55
years13

No

Clinical PD

16 years (median)

HR 1.3 (95% CI
1.06 – 1.59)

Bayesian
naïve classifier
combining
age-related
risk with LRs
of risk factors
/ prodromal
markers

Any combination
of risk /
protective
factors and
prodromal
symptoms can
be combined if
LRs known

Bruneck study
cohort: 539
subjects >55
years14

TCS

Clinical PD

5 years

Sensitivity 55%,
Specificity 99%,
PPV 60%

PRIPS cohort
– Tübingen
subsample: 715
subjects >50
years15

TCS

Clinical PD

5 years

>50% post-test
probability:
Sensitivity 14%,
Specificity 100%,
PPV 50%, NPV
99%

TREND: 650
subjects >50
years, reporting
at least one
of: depression,
hyposmia or
RBD15

TCS

Clinical PD

6 years

Sensitivity 20%,
Specificity 100%,
PPV 40%, NPV
99%

121 subjects with
PSG-confirmed
RBD, mean age
66 years11

PSG

Clinical PD

4 years

Sensitivity 67%,
Specificity 68%,
PPV 64%, NPV
70%

Rotterdam study
cohort: 7167
subjects >55
years old

Genotyping

Clinical PD

12 years (median)

HR 1.25 (95% CI
1.02 – 1.55)

MDS task force5

Genetic Risk
Score16

Bayesian
naïve classifier
combining
weighted genetic
risk scores

Combined
age, gender,
smoking, FH, and
common genetic
mutations (NB
G2019S mutation
in LRRK2 not
included, and
only the p.E326K
variant in GBA
included)

Table 1 – Studies that have developed and/or applied a Bayesian naïve classifier prediction model to a longitudinal cohort
*figures quoted apply to a test with >80% post-test probability of PD, unless otherwise stated
Key: CI = confidence interval; FH = family history; HR = hazard ratio; LR = likelihood ratio ; MDS = Movement Disorder Society ; PD = Parkinson’s disease;
PPV = positive predictive value; PRIPS = prospective validation of risk factors for the development of Parkinson syndromes; PSG = polysomnography;
RR = relative risk; TCS = transcranial sonography.
approach. One benefit of the algorithmic
method is that it individualises risk, so that the
high-risk cohort includes a range of people
with different combinations of prodromal
features and risk factors, with or without
additional genetic risk markers. The resulting
cohort is more likely to be representative of
the true prodromes of PD, when compared
to a population enriched by the presence
of one relatively uncommon high-risk
prodromal marker (such as PSG-RBD), or by
a fixed combination of prodromal symptoms.
Additionally, the flexibility of this approach
enables application of the algorithm in a
variety of ways, depending upon the information available. This is evidenced by the
diversity of cohorts to which the MDS research
criteria for prodromal PD have already been

applied (see Table 1).
Despite such benefits, the prediction
model strategy is not without disadvantages.
Essentially a ‘test’ is applied to a population,
with a predefined outcome (for instance >80%
likelihood of prodromal PD) stating whether
an individual is ‘test positive’ or ‘test negative’
for prodromal PD. Applying such a test to an
unselected population, with a low background
prevalence of PD, naturally leads to lower
PPVs than it would if applied to an enriched
population. Consequently, use of this approach
to enrol people into clinical trials means a high
number of trial participants will not go on to
develop PD, potentially exposing a substantial
number to unnecessary risk. Thus far, only
Mahlknecht et al (2016),10 have achieved a
relatively high PPV (60%) using this method,

by applying the MDS Task Force criteria to the
Bruneck study cohort (see Table 1).
Is a combined approach the best way
forward?
The two broad strategies described are not
mutually exclusive, and indeed have already
been combined in one recent study where
the MDS criteria were applied to a PSG-RBD
cohort.11 As expected, the application of a
prediction model to an enriched population,
with a high pre-test probability of PD, led
to a relatively high PPV of 64% at four years
(see Table 1), which increased to 100% when
follow-up duration was extended to ≥10 years.
Though this approach is hindered by the aforementioned limitations of using a PSG-RBD
cohort, it emphasises the importance of the
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duration of follow-up when making an accurate
determination of the sensitivity, specificity, PPV
and NPV of a prodromal disease ‘test’.
Perhaps the most promising strategy for
the future is to use a two-stage process which
combines both approaches: use of an algorithm
to screen for high-risk individuals in the general
population as the first step (with or without a
genetic risk score), before applying a secondstage test using quantitative, objective assessments such as smell tests, motor assessments

and/or imaging, such as DAT-deficit on (123I)
ß-CIT SPECT or substantia nigra hyperechogenicity on transcranial sonography. This is
the approach adopted by the PREDICT-PD
study, which uses an online strategy to screen
for those at high-risk, before inviting selected
participants for further investigation.12
Conclusion
The field of prodromal PD research has
advanced considerably over the last decade,

and we are now at the stage where high-risk
cohorts are being assembled for clinical trial
enrolment. The development of prediction
models offers the advantage of greater flexibility and generalisability than alternative
approaches. However, utility is dependent
upon the information available, and higher
positive predictive values may come at the
cost of reduced feasibility. Work remains in
order to refine prediction methods, in parallel
with identifying robust disease biomarkers.
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