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Learning from imbalanced data with continuous targets, tackling potential 

missing data in certain regions, and generalizing to the entire target range.

Definition of deep imbalanced regression (DIR)

Yang, Yuzhe, et al. "Delving into deep imbalanced regression." International conference on machine learning. PMLR, 2021.
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Hypokalemia HyperkalemiaNormal

Real-world case study: DIR of blood potassium (K+) levels
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L1 Loss

Significant distribution discrepancy between the labels and predictions

Mitigating such distribution descrepancy between the labels and predictions

 Motivation of Dist Loss
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Dist Loss

Performance of Dist Loss

A much smaller distribution discrepancy between the labels and predictions
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Dist Loss = Sample-level Loss + Distribution-level loss

Sample-level loss: precise 

sample-level prediction

Distribution-level loss: regularizes model outputs to 

prevent few-shot samples (edges) from shifting toward 

many-shot regions (center)

Implementation of Dist Loss
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Can be any loss designed to reduce sample-level 
prediction error, such as L1 and L2 loss.

Dist Loss = Sample-level Loss + Distribution-level loss

Sample-level loss: precise 

sample-level prediction

Implementation of Dist Loss
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How to achieve this? KL divergence or other methods?

Dist Loss = Sample-level Loss + Distribution-level loss

Distribution-level loss: regularizes model outputs to 

prevent few-shot samples (edges) from shifting toward 

many-shot regions (center)

Implementation of Dist Loss
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Dist Loss = Sample-level Loss + Distribution-level loss

Distribution-level loss: regularize the model outputs to 

avoid samples in few-shot regions (two sides) are 

predicted toward many-shot region (center)
No, not differentiable in regression

Implementation of Dist Loss

How to achieve this? KL divergence or other methods?



10

How to design a differentiable distribution-level loss?

Implementation of Dist Loss
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Implementation of Dist Loss
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What does Dist Loss do exactly

Simultaneously optimizing sample-level prediction 

error and distribution-level discrepancy.

Dist Loss = Sample-level Loss + Distribution-level loss

Implementation of Dist Loss
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IMDB-WIKI-DIR
• 191,509 training samples
• 11,022 validation samples
• 11,022 testing samples

ECG-K-DIR
• 365,549 training samples
• 5,098 validation samples
• 5,098 testing samples

AgeDB-DIR
• 12,208 training samples
• 2,140 validation samples
• 2,140 testing samples

Both validation and test sets are balanced

Benchmarks
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• LDS[1]: Label Distribution Smoothing  
• FDS[1]: Feature Distribution Smoothing  
• RankSim[2]: Ranking Similarity  
• ConR[3]: Contrastive Regularizer  
• Balanced MSE[4]: Balanced Mean Squared Error  

Baselines
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Results
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https://github.com/Ngk03/DIR-Dist-Loss

https://arxiv.org/pdf/2411.15216


