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Network Medicine
or else

Graph Medicine



Example of a question to be answered



• Protein Engineering: AlphaFold, an AI tool developed 
by DeepMind, predicts structures of thousands of 
proteins with more than 90% accuracy, tremendously 
accelerating scientific productivity: it previously took 
years of study for a PhD student to explore the three-
dimensional structure formation of a single protein 
(Jumper et al, 2021). 

• Jumper, J., Evans, R., Pritzel, A., Green, T., Figurnov, M., Ronneberger, O., Tunyasuvunakool, K., 
Bates, R., Žídek, A., Potapenko, A., Bridgland, A., Meyer, C., Kohl, S. A. A., Ballard, A. J., Cowie, A., 
Romera-Paredes, B., Nikolov, S., Jain, R., Adler, J., … Hassabis, D. (2021). Highly accurate protein 
structure prediction with AlphaFold. Nature, 596(7873), 583–
589. https://doi.org/10.1038/s41586–021–03819–2
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• BioEmu-1 can generate thousands of protein structures per hour and show 
how the fold or unfold in heat or pressure.

Microsoft's BioEmu-1 and how it works

Lewis, Sarah, et al. "Scalable emulation of protein equilibrium ensembles with generative deep 

learning." bioRxiv (2024): 2024-12.



Drug Repurposing



Αλγόριθμοι AI για 
Drug Re-purposing 

(χρήση 
υπαρχόντων 

φαρμάκων για νέες 
ασθένειες)



Predicting ICU Mortality and 
Drug Recommendation 

Published work

Mortality Prediction and Safe Drug Recommendation for Critically-ill Patients

(Symeonidis et al., IEEE BIBE 2022)



Medical scores and Bio Indexes

PESI score

• PESI: Pulmonary Embolism Severity 
Index

• SOFA: Sequential Organ Failure 
Assessment

• OASIS: Oxford Acute Severity of Illness 
Score

• APACHE: Acute Physiology And 
Chronic Health Evaluation

• SAPS: Simplified Acute Physiology 
Score

Most medical scores are good predictors of ICU mortality, but they failed to predict survival after discharge



We performed an ablation study for predicting patients' 
mortality in ICU by adding different Drug Categories 

Anticoagulants (antithrombotic) 

reduce the risk of developing 

blood clots which disrupt the flow 

of blood around your body.

Bleeding drugs used to help 

stop bleeding

Vasopressors increase mean 

arterial pressure, which leads to 

more blood to organs.

Random Forest was found to 

be  the best classifier/predictor



Classification: Definition

Given a collection of records (training set )

–Each record is characterized by a tuple (x,y), where 
x is the attribute set and y is the class label

◆ x: attribute, predictor, independent variable, input

◆ y: class, response, dependent variable, output

Task:

–Learn a model that maps each attribute set x into 
one of the predefined class labels y
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Attribute Selection: Information Gain



Metrics for Performance Evaluation

• Focus on the predictive capability of a model

– Rather than how fast it takes to classify or build models, scalability, etc.

• Confusion Matrix:

PREDICTED CLASS

ACTUAL

CLASS

Class=Yes Class=No

Class=Yes a b

Class=No c d

a: TP (true positive)

b: FN (false negative)

c: FP (false positive)

d: TN (true negative)
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ROC Curve

(TPR,FPR):

• (0,0): declare everything
          to be negative class

• (1,1): declare everything
         to be positive class

• (1,0): ideal

• Diagonal line:

– Random guessing

– Below diagonal line:

»  prediction is 
opposite of the true 
class
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Simple linear regression

• Relation between 2 continuous variables (SBP and age)

• α coefficient : The intercept of the line, which is the value of y when x=0 It represents the 
point where the line crosses the y-axis.

• β1 coefficient : The slope of the line.

– Amount by which y changes on average when x changes by one unit

– It indicates how steep the line is.

y

x

 xβαy 11+=Slope



From Multi-linear to the logistic Model

•Multi-linear 
regression

•Logistic 
regression

•Model



Coronary Heart Disease (CHD) Prediction Example 

•Dependent variable 

•Independent variable 

•Independent variable 

•Independent variable 

ABOUT PATIENTS' DATA 
THE FOLLOWING FOUR ATTRIBUTES ARE COLLECTED 



Let s assume a patient with 
the following clinical status

Predicting the Risk 

for Coronary Heart Disease

Test the predicting power of the trained Model



Example of a time series
The collection of daily average values of glucose level of a patient for year 

constitutes a time series. 

Date Glucose Level

2023-01-01 104

2023-01-31 127

2023-03-02 108

2023-04-01 100

2023-05-01 133

2023-05-31 137

2023-06-30 133

2023-07-30 129

2023-08-29 122

2023-09-28 105

2023-10-28 114

2023-11-27 107

2023-12-27 88



Error Calculation and Conclusion

1. MSE = mean_absolute_error(y_true=test_Y, y_pred=y_predicted): 
Calculates the Mean Absolute Error (MAE).

2. mse_total.append(MSE): Stores the MAE.

3. rmse_total.append(math.sqrt(MSE)): Calculates and stores the Root Mean 
Squared Error (RMSE).

4. Summary: The code loops through patients, trains a model, makes 
predictions, and evaluates performance using MAE and RMSE.
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