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Learning Objectives

After participating in this session the learner should be better able to:

• Apply dimensionality reduction and unsupervised learning on high-
dimensional biomarker measurements of Alzheimer’s Disease and 
perform data-driven methods to study and analyze these data.

• Implement a pipeline of identifying novel subtypes and verify the 
effectiveness of new results through several quantitative and 
qualitative metrics using longitudinal and multimodal data.

• Use functional annotation to identify relevant biological processes 
based on significant SNPs from a genome-wide association study 
and explain the difference of subtype populations in a genetic and a 
biological pathway basis.
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Overview
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Background: Traditional clinical evaluation
Quantifying the progression of MCI individuals is difficult because the brain alterations in MCI are often subtle. 
Traditional method uses cognitive score supported by a subjective clinical test to assess the progression of 
MCI. Multimodal imaging and biomarker datasets are used to differentiate early and late MCI subjects.

Challenge: Current diagnosis fails to identify subtypes in the amyloid domain.
Proposed new subtype: amyloid-specific: Our study partitions the MCI population into amyloid 
positive and negative subtypes and identifies greater statistical significance in longitudinal risks, SNPs, 
genetic pathways, and biomarkers compared to diagnosis benchmark.



Challenge：
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a) t-SNE

Dimensionality reduction shows that diagnosis from traditional clinic evaluation cannot 
identify distinct clusters in Euclidean manifolds (as shown in t-SNE results) or Riemann 
manifolds (as shown in UMAP results).

As a result, a novel subtype is proposed in the amyloid domain to differentiate the MCI 
population from the amyloid perspective, which could provide important insights.

b) UMAP



Methods

We propose the following pipeline to identify novel subtype and interpret biological insights:

● Use a variety of clustering algorithms to identify subtypes in the population within the amyloid 
domain

○ K-means
○ Spectral
○ Agglomerative

● Validate the clustering results qualitatively with dimensionality reduction
○ t-SNE
○ UMAP

● Visualize risk development through Kaplan-Meier plot to evaluate the final clustering 
performance across time

● Identify significant SNPs, biological pathways, and biomarkers with computed p-values

 The results demonstrate that using various clustering methods on samples within the amyloid 
space identify a robust and novel subtype compared to the conventional subtype MCI labels.
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Longitudinal Study of Patients

7AMIA 2024 Informatics Summit  |   amia.org

Timelin
e Date 1 Date 2 Date 3 and Exit

Amyloid
Measurement

Clinical
Evaluation

327 EMCI 
and 233 

LMCI 
Subjects

For analysis

begin end

Amyloid
Measurement

Clinical
Evaluation

Amyloid
Measurement

Clinical
Evaluation



Result: t-SNE
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Result: UMAP
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Result: Kaplan-Meier Plot
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Result
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P-values indicates the probability that a SNP is differentially expressed within two populations. The smaller the p value, 
the better the two subtypes are differentiated in the genetic domain. Functional annotation is performed based on the 
list of SNPs and outputs the most correlated biological pathways. Because most of those pathways are related to 
Alzheimer’s disease, our results demonstrate that our methods can better stratify the MCI patients for better subtype 
discovery. 



Conclusion

• This paper highlights the potential of amyloid-specific subtypes to reveal 
important insights of Alzheimer’s pathogenesis.

• By performing clustering on the MCI population, we generate a similar 
partition of amyloid positive and negative subtypes across three common 
algorithms. Validated qualitatively by dimensionality reduction and 
visualization, the novel subtypes identified significant longitudinal risk 
development, SNPs and biological pathways between one another . 

• By providing valuable insights from the amyloid perspective, this study 
reveals the power of domain-specific subtypes in studying the longitudinal 
development of disease.
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Limitations and Future Directions

• The current study uses Kaplan-Meier plot to visualize the chance of survival 
across time. A traditional or deep learning based Cox model can be fitted to 
the dataset to quantify the significance of each amyloid feature.

• The current study focuses on the amyloid domain only. Future studies can 
use a similar pipeline to reveal pathogenesis insights across multimodal 
domains and combine those information.
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Thank you!
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