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1 Introduction

Parkinson’s disease (PD) is a commonly diag-
nosed, neurological disorder with complex symp-
tom patterns and unknown etiology. Character-
istically defined by motor skill impairments in the
form of tremor, rigidity, bradykinesia and postural
instability, affected patients may also suffer from a
range of nonmotor and autonomic symptoms, all
with varying degrees of severity.

In the search for effective treatments for PD, the
identification of clinical subgroups or phenotypes
based on these symptoms may contribute to in-
creased understanding of patient responses to
treatment. In this work we employ Bayesian La-
tent Class Analysis (LCA) for the identification of
patient subgroups and relationship to outcome fol-
lowing pallidotomy.

2 Materials and Methods

Participants consented for this study had idio-
pathic Parkinsons disease, no psychiatric history,
limited response to medicinal therapy and were
being treated by pallidotomy. 71 patients (28 fe-
male, 43 male) were assessed at baseline, with a
duration of diagnosis of 13.9 ± 9.9 years and age
of 69 ± 4.5 years.

Information on symptoms was collected using
the Unified Parkinson’s Disease Rating Scale
(UPDRS)[1]. A symptom was defined as present
if, for the relevant UPDRS item/s, a score greater
than or equal to 2 was recorded. All patients
were assessed preoperatively and three months
following pallidotomy in the defined Off state, cor-
responding to one’s worst level of functioning.
Symptoms included in the model were tremor,
rigidity, postural instability (PI) and bradykinesia.

First developed by Lazarsfeld & Henry [3] and
later Goodman [2], LCA assumes that a popula-
tion consists of a number of unobservable sub-
groups, representing levels of a categorical, la-
tent variable. Based on observed or manifest
varaibles, subjects are assigned probabilistically
to latent classes of similar responses [5]. In
the simplest case manifest variables are dichoto-
mous, which in medical settings may correspond
to the absence or presence of a symptom.

For a latent class model consisting of K classes
with i = 1, . . . , N and j = 1, . . . , M , we define
yij ∈ (0, 1), as subject i’s response to symptom
j and yi as subject i’s vector of responses for all
M symptoms. If πjk is the probability of a positive
response to item j given subject i’s membership
to class k, then

yij|zk, πjk ∼ Bernoulli(πjk)

Here, zk represents subject i’s membership to la-
tent class k.

With ηk = Pr(zi = k) the prior distributions are:

πjk ∼ Beta(1, 1)

zk|η ∼ Multinomial(η1, η2, . . . , ηK)

η ∼ Dirichlet(1, 1, . . . , 1)K

Using Gibbs sampling to approximate the poste-
rior distribution, one may estimate probabilities of
and predict latent class membership for each sub-
ject, given yi.

3 Results

• Analysis using WinBUGS with 2 chains, 1000
burnin and 10000 iterations.

• 2 Class model produced the best fit (BIC-2
classes = 327.8 versus BIC-3 class = 340.3)

• 2 class model proposed with 75.8% of sample
in Class 1 and 24.2% in Class 2.

• Presence of any featured symptom was at least
twice as likely in Class 1 than Class 2

• Duration of PD diagnosis was significantly
higher in Class 1 than Class 2.

• No differences in gender split or age range be-
tween classes.
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Figure 1: Histogram of posterior probability of presence for
each featured symptom, for each latent class

Class 1

• Termed ‘’More Affected’‘ class.

• All subjects reported presence of bradykinesia
preoperatively. 28% of these subjects no longer
reported this symptom after treatment.

• 70% reduction in tremor, 59% reduction in rigid-
ity and 42% reduction in PI.

Class 2

• No subjects reported PI preoperatively, with
only 1 case developing it postoperatively.

• 33% reduction in tremor and 50% reductions in
rigidity and bradykinesia.

Model Fit

An assumption of the above model is that, within
each latent class, symptoms are independent.

This was tested using a graphical method [4] that
involved calculating partial correlation residuals
for each pair of symptoms:

ρij =
Pr(Yi = 1, Yj = 1) − µiµj
√

µi(1 − µi)µj(1 − µj)

where µi = Pr(Yi = 1). Expected partial correla-
tions were calculated using parameter estimates
from the proposed model.

Figure 2 shows the partial correlation residual
plot for the proposed 2 class model. A 95%
confidence interval was also simulated using a
Bayesian bootstrap with 10,000 bootstrap repli-
cates.
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Figure 2: Partial correlation residual plot for proposed
model

Whilst all residuals are within the confidence lim-
its, the residual in Position 1, representing the
correlation between Tremor and Rigidity, is large
compared to the others. This provides motivation
for extending this model to incorporate direct ef-
fects between symptoms.

4 Discussion and Future Work

• Sample size restricted the number of latent
classes that could be fitted.

• In light of the complexity of symptoms observed
in PD, this model could be extended to include
a larger number of symptoms, including nonmo-
tor. In order to achieve this, patient information
from other rating scales such as the Hamilton
Depression Scale (HDS) would be required.

• Extention of model to include direct effects be-
tween symptoms if appropriate. This would in-
clude a comparison of models with respect to
goodness of fit.

• Application of LCA to other treatments for PD,
for example, Deep Brain Stimulation.
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