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PART 01

The prediction of disease can facilitate early intervention,

comprehensive diagnosis and treatment, thereby benefiting

healthcare and reducing medical costs.

Introduction
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Introduction

• The widespread of EHR systems.

• Longitudinal experience  of both 

patients and doctors.

Electronic Health Records

• Early intervention

• Comprehensive diagnosis and 

treatment

• Benefit healthcare

• Reduce medical costs

Disease Prediction

• Anticipates the information and 

develop predictive models.

• Single label or multi-label 

classification.

Machine Learning



#MEDINFO23@TheInstituteDH

8 – 12 JULY 2023 | SYDNEY, AUSTRALIA

Introduction



#MEDINFO23@TheInstituteDH

8 – 12 JULY 2023 | SYDNEY, AUSTRALIA

PART 02

Hierarchical Label Distribution Learning (HLDL) method

includes a hierarchical neural network that combines global

and local predictions.

Methods
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Hierarchical Label Enhancement

• Medical knowledge such as ICD-10 represents the hierarchy of 
medical concepts in the form of a parent-child relationship.

• 𝒴1 = {𝑦1, 𝑦2, ⋯ , 𝑦𝑚1
}

• 𝒴2 = 𝑦𝑚1+1, 𝑦𝑚1+2, ⋯ , 𝑦𝑚1+𝑚2

• 𝒴 = 𝒴1, 𝒴2, ⋯ , 𝒴𝐾 𝑦1, ⋯ , 𝑦𝑚1
, 𝑦𝑚1+1, ⋯ , 𝑦𝐶

• 𝐶 = σ𝑘=1
𝐾 𝑚𝑡
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Hierarchical Label Enhancement

• Label distribution assigns a real number 𝑑𝑥
𝑦𝑐 ∈ [0,1] to each 

label, representing the risk of disease 𝑦𝑐 for patient 𝑥:

• 𝒅𝑥
𝒚
= 𝑑𝑥

𝑦1 , 𝑑𝑥
𝑦2 , ⋯ , 𝑑𝑥

𝑦𝐶 ∈ ℝ𝐶

• Quantify the diagnosis with the priority hierarchically:

• 𝑑𝑥
𝑦𝑖(𝑘) =

𝑟𝑖
(𝑘)

σ
𝑗=1

𝑚𝑘 𝑟𝑗
(𝑘)



#MEDINFO23@TheInstituteDH

8 – 12 JULY 2023 | SYDNEY, AUSTRALIA

Hierarchical Label Enhancement

• Diagnosis: {𝑦7, 𝑦8, 𝑦10}

• 𝑟7 = 3, 𝑟8 = 2, and 𝑟10 = 1

• 𝑑𝑥
𝑦7 = 0.5, 𝑑𝑥

𝑦8 = 0.3, and 𝑑𝑥
𝑦10 = 0.2.

• Second layer: {𝑦3, 𝑦6}

• 𝑑𝑥
𝑦3 = 0.67 and 𝑑𝑥

𝑦6 = 0.33

• First layer: {𝑦1, 𝑦2}

• 𝑑𝑥
𝑦1 = 0.67 and 𝑑𝑥

𝑦2 = 0.33

• Label distribution: 𝒅𝑥
𝒚
= 𝑑𝑥

𝑦1 , 𝑑𝑥
𝑦2 , ⋯ , 𝑑𝑥

𝑦11 = {0.67,0.33,0.67,0,0,0.33,0.5,0.3,0,0.2,0}
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Hierarchical Label Distribution Learning

• Feature space: 𝒳 = ℝ𝑞

• Label distribution space: 𝒟 = ℝ𝐶

• Training set: 𝒮 = 𝒙𝑖 , 𝒅𝑖 𝑖 = 1,2,⋯𝑁

• Hierarchical Label Distribution Learning (HLDL):

• 𝑓:𝒳 → 𝒟
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Hierarchical Label Distribution Learning

• Global prediction network:

• 𝒉1 = 𝜎 𝒘1𝒙 + 𝒃1
• 𝒉2 = 𝜎 𝒘2[𝒉1⊕𝒙] + 𝒃2
• 𝒉𝐾 = 𝜎 𝒘𝐾[𝒉𝐾−1⊕𝒙] + 𝒃𝐾
• 𝒚𝒈 = 𝑠𝑖𝑔𝑚𝑜𝑖𝑑 𝒘𝑔𝒉𝑘 + 𝒃𝑔

• Local prediction network:

• 𝒉𝑘
′ = 𝜎 𝒘𝑘

′ 𝒉𝑘 + 𝒃𝑘
′

• 𝒚𝑘 = 𝑠𝑜𝑓𝑡𝑚𝑎𝑥 𝒘𝑙𝑘𝒉𝑘
′ + 𝒃𝑙𝑘
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Hierarchical Label Distribution Learning

• Final prediction:

• ෡𝒅 = 𝜌 𝒚1; 𝒚2; ⋯ ; 𝒚𝐾 + 1 − 𝜌 𝒚𝒈

• Loss function： 𝐿 = 𝐿𝑔 + 𝜏𝐿𝑝

• Global loss function:

• 𝐿𝑔 = 𝐿𝑘𝑙 + 𝐿𝑙𝑠 = σ𝑖=1
𝑛 𝒅𝑖𝑙𝑛

𝒅𝑖

𝒈𝑖
+ σ𝑖=1

𝑛 𝒈𝑖 − 𝒖𝑖
2

• 𝒖𝑖 : initial logical labels

• Local loss function:

• 𝐿𝑝 = 𝐿𝑘𝑙 + 𝐿ℎ𝑣 = σ𝑖=1
𝑛 𝒅𝑖𝑙𝑛

𝒅𝑖

𝒑𝑖
+σ𝑖=1

𝑛 𝑨(𝟏 − 𝒑𝑖
⊺)𝒑𝑖

• 𝑨 ∈ {0,1}𝑐×𝑐 : the relationship matrix
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PART 03

Experiments conducted on two real-world datasets

demonstrate the better performance of the proposed method.

Experiments
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Datasets and Experimental Settings

Dataset patients # of visits # for pretrain # for train and test

MIMIC-III 46517 58929 39018 7499

MIMIC-IV 190173 453905 83660 106513

ICD First layer Second layer Third layer

ICD-9 19 158 1233

ICD-10 22 261 2269

Embedding Hidden layer Activation Optimization 𝜌 𝜏

64 [256, 516, 1024, 2048] ReLU Adam 0.5 2
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Experimental Settings
Baselines Introductions

Doctor AI It is a generic predictive model for disease prediction.

RETAIN It is a two-level neural attention model for interpretable.

HMCN It is a classical hierarchical multi-label classification method.

SA-BFGS It is a widely used label distribution learning method.

‘+LDL’ Trained with label distribution.

𝑡𝑜𝑝 − 𝑘 𝑟𝑒𝑐𝑎𝑙𝑙 =
# 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑡𝑜𝑝 𝑘 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑜𝑛𝑠

# 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑡𝑜𝑝 𝑘 𝑡𝑟𝑢𝑒 𝑙𝑎𝑏𝑒𝑙𝑠
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Experimental Results
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PART 04

The proposed HLDL method, which utilizes a hierarchical neural

network ensemble to perform both global and local predictions,

as well as incorporating medical ontologies and disease relations

to improve model accuracy.

Conclusion
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Conclusion

• The proposed HLDL method, which utilizes a hierarchical neural network ensemble to perform both global and local predictions,
as well as incorporating medical ontologies and disease relations to improve model accuracy.

• The use of label distribution allows for more details of the risk of diseases for a given patient, leading to more accurate 
predictions.

• The experimental results on two real-world datasets demonstrate the superiority of HLDL over other methods and highlight the 
importance of label distribution in diagnosis prediction.

• HLDL has the potential to be a valuable tool for healthcare professionals in making more informed decisions regarding patient
care.


