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Alzheimer’s disease (AD) is a devastating neurodegenerative disease and the leading cause of
dementia. Currently, diagnosis of AD can occur after decades of neuropathological burden,
resulting in synaptic dysfunction and neuronal death (1,2). Paired with a lack of cure, AD results
in both a devastation to the quality of life of more than 5 million patients in the U.S. alone, and
costs over $230 billion in unpaid caregiving and $259 billion in healthcare (1). Yet, subtle changes
in one’s cognitive and clinical profile can be detected long before a diagnosis of AD (3), meaning
that individuals at-risk for AD can potentially be identified at an early stage, where intervention
has a much greater efficacy (4,5).

Currently, subject-level prediction of AD risk is in its infancy. Prediction of AD-related neuro-
degeneration relies on various biological markers (biomarkers), including changes in the
cerebrospinal levels of tau protein and amyloid B (6), having the &4 genetic allele of the
apolipoprotein E protein (APOE4) (7), reduced hippocampal volume and cortical thickness (2,8,9),
as well as clinical diagnosis of mild cognitive impairment (MCI) (2,10). Some supervised machine
learning (ML) efforts attempted to predict patients’ clinical diagnosis at a future time-point (8,11—
13), yielding reasonable accuracies. However, they only focus on whether a currently MCI patients
will later receive a “dementia” diagnosis. We argue that using clinical diagnosis as label offer only
coarse ideas regarding cognitive abilities. Instead, our group had success using cognitive
assessments scores to discover clinical sub-groups, before using the sub-group labels as prediction
goals for ML (4). The goal of my project, supervised by Dr. Chakravarty, is to improve discovery
and modelling of clinical sub-groups in AD, using cognitive assessment scores.

We used unsupervised clustering for our sub-group discovery, a method which group together
subjects with similar characteristics (i.e. features). The unsupervised methodology is independent
of human assumptions, meaning the clusters are discovered in a completely data-driven fashion.
Specifically, clinical sub-groups are modelled by clustering together subjects with similar
cognitive trajectories, measured by the changes in cognitive assessment scores over time. We use
longitudinal data obtained from the Alzheimer’s Disease Neuroimaging Initiative database
(adni.loni.usc.edu). Our previous work modelled using only a single cognitive score (4). I
expanded this to include three scores: the Alzheimer’s Disease Assessment Scale (ADAS-13) (14),
Mini-Mental State Examination (MMSE) (15), and the Montreal Cognitive Assessment (MoCA)
(16). They are commonly used to assess functional impairment associated with AD, and construct
a holistic personalized cognitive profile at a resolution unobtainable from clinical diagnosis alone.

In the dataset, subjects have cognitive assessments measured at different timepoints, making
acquiring a time-standardized dataset for unsupervised clustering difficult. Consequently, we



tested multiple models, each with different ways of generating standardized subject features. The
most successful model combined linear regression and unsupervised clustering. A degree 1
polynomial (i.e. line) is fitted to each subject, before the slope coefficient is used as features in an
unsupervised clustering task (using Hierarchical clustering). Using this, we extracted 3 clusters,
each showing a visually distinct trajectory (Figure 1), defined as rapid decline, slow decline and
stable.

In addition to the visual separation of group trajectories, we quantitatively evaluated the between-
cluster frequency of APOE4 alleles, which is the best-known genetic risk factor for AD.
Reasonably, the above model showed the greatest zygosity separation between clusters (p=0.039,
as evaluated via permutation testing). Furthermore, the subjects’ diagnosis corresponded sensibly
with each cluster trajectory (even though the algorithm does not have information about diagnosis).
The rapid decline cluster composes exclusively of subjects whose diagnosis start off being
cognitive normal (CN) or MCI, then decline into dementia. Contrarily, the stable trajectory cluster
mostly have individuals with unchanging diagnosis of either CN or MCI over multiple years.
Interestingly, some MCI-diagnosed subjects were categorized into slow decline, while others into
stable. Whether the slow decline MCI subset will end up developing dementia remains a follow-
up question for future experiment.

The discovery that linear function fitting followed by unsupervised clustering yielded the best
results is an elegant solution for the modelling of cognitive trajectory, as a polynomial function
summarizes an arbitrary number of observations into a fixed number of descriptive features
(polynomial coefficients). The fact that the linear model generated the best validation result may
be two-fold. It may imply that cognitive decline occurs at an approximately linear rate. Similarly,
it may be that there are not enough observations to fit a more complex model (e.g. higher degree
polynomial) without overfitting. More data is needed to evaluate this.

Finally, we employed simple statistical learning algorithms to predict the subjects’ assigned cluster
labels, using demographic, cognitive, CSF and genetic information at baseline, and changes in
cognitive scores 12 months from baseline. Our best-performing model was logistic regression,
identifying 64.8% of subjects who are declining, and the labels of 73.2% of subjects overall. While
this is not state-of-the-art, this illustrates the feasibility of predicting data-driven cluster labels, and
sets a baseline for future improvements. Our machine learning architecture can be made more
sophisticated, and input features should also include the highly-informative neuroanatomical
features (4,9,17).

In summary, this project illustrated a framework for the data-driven discovery of clinical sub-
groups for any forms of degenerative illnesses, in which longitudinal clinical scores can be
summarized through function fitting, and the coefficients provide the features for subsequent
unsupervised clustering. In applying the above to AD, we contributed to the refinement of
quantitatively defined cognitive trajectories in AD. Such trajectory definition allows for a better



understanding of AD-related cognitive decline, in which patients may decline linearly at different
rates into dementia, or stay cognitively healthy into their old age. Importantly, such cognitive
trajectories can also be predicted at early stages, using a combination of demographic, protein and
genetic features. This can be used in addition to clinical diagnosis to provide greater insight for
future AD risk, allowing for early-intervention at a stage where heavy neuronal damage has not
yet occurred. This will help reduce the trauma of AD in our aging population and AD-related
externalities.
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Model 4: Cluster MMSE Scores
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Figure 1: Visualization of cognitive scores (ADAS-13, MMSE, and MoCA) in each cluster, where
clusters are generated in an unsupervised fashion using Hierarchical clustering on the linear
coefficient fitted to each individual’s longitudinal cognitive scores. For each graph, the y-axis
denotes the cognitive score value, while the x-axis denotes the time (in months) from baseline.
Left figures show scatterplots of individual scores, while right figures show the averaged cluster
score at each timepoint (band denotes standard deviation at that timepoint; line segments without
band are timepoints with only a single datapoint). Different colours denote different cluster labels.
The three sub-graphs show (A) ADAS-13 scores, (B) MMSE scores and (C) MoCA scores (note
that a higher ADAS-13 score means more error and greater impairment, while a lower MMSE and
MoCA indicate greater cognitive impairment). The clusters labels are indexed as 0: slow decline,
1: stable, and 2: rapid decline.
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