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● Dataset: Heart Failure Prediction
● Variables: 5 numerical and 7 categorical

○ Target variable: HeartDisease (0 or 1) 

● Data cleaning
○ Encoding categorical variables
○ Checking for missing values
○ Converting the values to float type

Missing values



Data after encoding
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● Boxplot to observe outliers 
● The boxplot shows the value 0 for 

cholesterol, which is not possible → 
Missing values

Data analysis



● The histogram shows how the values for cholesterol are distributed 
→ many 0 values

● 0 values = missing values → biased results
● We eliminate the observations that have the value 0 for cholesterol

Cholesterol histogram Cholesterol histogram without 0 values



● We filtered the data to remove the outliers 
for the variables:

○  Age
○ Cholesterol 
○ Resting Blood Pressure (Resting BP) 
○ Maximum Heart Rate Achieved 

(MaxHR)

● After removing the outliers we have 704 
observations

Removing outliers



More data cleaning

● Eliminate the OldPeak variable, since some models do 
not accept negative values 

● Select the target variable: HeartDisease (0 or 1)



Feature selection
● Choosing the most relevant features for our models is important, as they will contribute to 

the predictive power
● We are using 2 methods to identify the features and we combine the top 2 from each of 

them, to be used in the models

scikit-learn library 

sklearn.feature_selection module

SelectKBest

Random Forest 
Classifier

Feature 
Selection



Select KBest 
Model
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Final Feature Selection

Random Forest 
Classifier

1. The slope of the peak exercise 
ST segment

2. Chest Pain Type
3. Maximum heart rate achieved
4. Age

Select KBest
1. Maximum heart rate 

achieved
2. Exercise-induced angina
3. Age
4. Cholesterol

1. Maximum heart rate achieved 
2. Exercise-induced angina
3. The slope of the peak exercise ST 

segment
4. Chest Pain Type
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Types of models

(a) Logistic Regression 

Logistic Regression is a statistical model used for binary classification that estimates the probability of an 
instance belonging to a particular class based on a linear combination of input features.

(b) K-Nearest Neighbors (KNN)

K-Nearest Neighbors is a non-parametric and instance-based machine learning algorithm that classifies a data 
point based on the majority class of its k nearest neighbors in the feature space.

(c) Decision Tree

A Decision Tree is a tree-like model where internal nodes represent decisions based on features, branches 
represent possible outcomes, and leaf nodes represent the final classification or regression result.

(d) Random Forest

Random Forest is an ensemble learning method that builds multiple decision trees during training and outputs 
the mode of the classes (classification) or the mean prediction (regression) of the individual trees as the final 
result.

 
 



Logistic regression & KNN 



Decision Tree & Random Forest 



Model Accuracy Precision Recall ROC-AUC 

Logistic regression 0.8227 0.8732 0.7949 0.8647

KNN 0.7801 0.8235 0.7179 0.7961

Decision Tree 0.7801 0.8615 0.7179 0.7978

Random Forest 0.8085 0.8696 0.7692 0.8574

Final Comparison Table

- The logistic regression outperforms the other models taking into account all the 
test statistics



K-means clustering
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Algorithm

●Step 1: Choose number of K
●Step 2: Randomly initialize centroids
●Steps 3-4: Iterative process called 
expectation-maximization

○Expectation assigns each point 
to closest centroid
○Maximization computes the new 
centroid mean of each cluster
○Repeat until centroid positions 
do not change



Choosing K
● To choose the optimal numbers of K, we used Silhouette and Elbow Method.
● In both cases, K=2 is optimal



Cluster analysis

Cluster 1, on the other hand, are a younger 
group of 243 men and 108 women with lower 
than average Resting BP, Cholesterol, Fasting 
BS, Resting ECG, and Exercise Angina leading to 
a smaller proportion of them having heart 
disease.

Mean Age Sex Chest
Pain
Type 

Resting 
BP 

Cholesterol Fasting 
BS 

Resting 
ECG 

Max HR Exercise 
Angina 

ST Slope Heart 
Disease

X (704) 0 0.764 3.149 0 0 0.161 1.634 0 0.381 2.420 0.472

Cluster 0 
(353)

0.507 0.836 3.737 0.238 0.080 0.227 1.782 -0.665 0.657 2.108 0.751

Cluster 1 
(351)

-0.509 0.692 2.558 -0.239 -0.080 0.094 1.484 0.669 0.103 2.735 0.191

Cluster 0 is composed of 295 men and 58 
women that are old on average, with higher 
than average Resting BP, Cholesterol, Fasting 
BS, Resting ECG, and Exercise Angina leading to 
large proportion of them having heart disease.
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