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Recent Advances in Predictive Modeling with Electronic Health Records

Electronic Health Records (EHR)

• Digital versions of patients' paper charts
• A patient's medical history, diagnoses, medications, treatment 

plans, immunization dates, allergies, radiology images, and 
laboratory and test results
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National Trends in Hospital and Physician Adoption of Electronic 
Health Records (EHR)

Office of the National 
Coordinator for Health 
Information Technology. 
‘National Trends in Hospital 
and Physician Adoption of 
Electronic Health 
Records,’ Health IT Quick-Stat 
#61.
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Predictive Modeling

• Using machine learning techniques to analyze patients' historical 
data along with current observations to support diagnosis or make 
predictions
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EHR Data Unique Characteristics
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• Temporal Dynamics
• Multimodalities and Heterogeneity
• High Dimensionality
• Imbalanced Data
• Clinical Explainability
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Existing Progress
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• Basic Deep Learning-based Predictive Models
• Time–aware Predictive Modeling
• Predictive Modeling with Multimodal Data
• AutoML-based Predictive Modeling
• Knowledge-Enhanced Predictive Modeling
• Predictive Modeling with Imbalanced Classes
• Interpretable Predictive Modeling
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Basic Deep Learning-based Predictive Models
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Time-aware Predictive Modeling
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• Contrasting with textual data, the sequence of EHR data hinges on time 
information, and the intervals between recordings often vary. Accurately 
modeling this time aspect is essential for evaluating the impact of each 
patient visit. 
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Predictive Modeling with Multimodal Data
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Predictive Modeling with Multimodal Data
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AutoML-based Predictive Modeling
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MUFASA (AAAI’21) AutoMed (BIBM’22) AutoFM (SDM’24)
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Knowledge-Enhanced Predictive Modeling

• Structured Knowledge • Unstructured Knowledge
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Predictive Modeling with Imbalanced Classes
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• Oversampling and Undersampling Techniques
• Generative Techniques

MedGAN (MLHC’17)
MaskEHR (SDM’20)
synTEG (JAMIA’21)

Generative Adversarial Networks (GAN) Diffusion Models
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Interpretable Predictive Modeling

• Attention-based Interpretation • Personalized Knowledge Graph-
based Interpretation
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Interpretable Predictive Modeling

• Medical Text-based Explicit 
Interpretation

• Uncertainty-based Interpretation
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Benchmarks
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Toolkits
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https://pyhealth.readth
edocs.io/en/latest/
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Open Challenges and Future Directions
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•  Trustworthy Predictive Modeling

LLM-driven interpretable model design Ethical model design Human-in-the-loop learning
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Open Challenges and Future Directions
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• Data Scarcity/Sparsity
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Open Challenges and Future Directions
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• Pre-training Across Multiple Data Sources

MIMIC

PubMed

NIH Cancer
Research

Wang et al., Unity in Diversity: Collaborative 
Pre-training Across Multimodal Medical 
Sources, ACL’24
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Open Challenges and Future Directions
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• Federated Training for Foundation Models

Wang et al., FedMeKI: A Benchmark for Scaling Medical
Foundation Models via Federated Knowledge Injection, under review

Wang et al., FedKIM: Adaptive Federated Knowledge Injection into 
Medical Foundation Models, under review
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Thank You.
Any questions, please feel free contact Jiaqi Wang or Fenglong Ma 
via jqwang@psu.edu or fenglong@psu.edu.
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