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Alzheimer’s disease is officially listed as the 
seventh leading cause of death in the United 

States in 2021 and 2022 with 31.0% and 28.9% 
death rates, respectively.

 Kochanek KD, Murphy SL, Xu JQ, Arias E. Mortality in the United States, 2022. NCHS Data Brief, no 492. Hyattsville, 
MD: National Center for Health Statistics. 2024. DOI: https://dx.doi.org/10.15620/cdc:135850



Neurodegenerative Disease - Alzheimer’s 

5

Early Stage

MCI



Early Diagnosis and Biomarkers
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Biomarkers are 
effective, but it is 
already too late when 
brain markers are 
obtained from a 
patient.



Language Markers
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● An early detection approach of MCI that is affordable and accessible.
● Has been shown diagnostic efficacy in detecting early MCI [1].
● Extract language markers from conversations to build predictive models.
● Semantic, Syntactic, and Lexical features are used for language 

markers.

[1] Hoang B, Pang Y, Dodge HH, Zhou J. Subject Harmonization of Digital Biomarkers: Improved Detection of Mild Cognitive Impairment from Language Markers. Pac Symp Biocomput. 
2024;29:187-200. PMID: 38160279; PMCID: PMC11017207.
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Temporal Language Markers
● One conversation rarely captures enough signal for accurate MCI detection. 
● Prior work [1] combines several conversations by majority-voting model 

outputs, so loses detailed changes over time. 
● Our idea: Model each subject’s conversations as a time-series of linguistic 

markers, thus preserving fine-grained temporal dynamics of cognitive decline.

10[1] Hoang B, Pang Y, Dodge HH, Zhou J. Subject Harmonization of Digital Biomarkers: Improved Detection of Mild Cognitive Impairment from Language Markers. Pac Symp Biocomput. 
2024;29:187-200. PMID: 38160279; PMCID: PMC11017207.

Temporal Linguistic Markers



Problem with Temporal Language Markers
● The way people speak can vary drastically, leading to strong distributional 

differences in temporal language patterns across subjects.
● These differences are much more outstanding than the subtle cues that 

distinguish MCI from normal cognition.
● As a result, models tend to perform poorly on new, unseen subjects.
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t-SNE plot of RNN’s temporal language marker embedding



Proposed Temporal Harmonization Method
● Inspired by domain-invariant representation learning [2], we treat each subject 

as a domain and remove subject-specific patterns from temporal language 
markers.
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Cognitive Classification

Subject Differentiation Seq2Seq Harmonization

[2] Nguyen, A. T., Tran, T., Gal, Y., & Baydin, A. G. (2021). Domain Invariant 
Representation Learning with Domain Density Transformations (Version 3). arXiv. 
https://doi.org/10.48550/ARXIV.2102.05082



Key Result for Temporal Harmonization

Subject clusters are successfully 
destroyed by harmonization.
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t-SNE plot of RNN’s temporal language marker embedding

After HarmonizationBefore Harmonization

Classifier cannot predict subject 
identity or confounder variable of 
temporal language markers after 
harmonization.



Key Quantitative Results

● Demonstrates the additional benefits of using temporal sequences of language markers to detect MCI.
● Moreover, applying temporal harmonization enhances cognitive detection performance significantly.
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Key Quantitative Results

● Temporal harmonization enhances model generalization across demographic subgroups.

15



Discussion and Future Works
● Temporal Harmonization significantly improves MCI detection performance across 

nearly all demographic subgroups.
● Given the limited size and scope of the I-CONECT dataset (74 older adults), future work 

includes:
○ expanding to diverse populations, 
○ incorporating multimodal biomarkers, 
○ and enhancing explainability to improve trust and interpretability.
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Thanks!
http://illidanlab.github.io
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