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Abstract:  Blood vessel carries oxygen and nutrients to the brain. A Stroke occurs when a blood vessel is either blocked by a clot 

or bursts. When the clot or bursts occur, part of the brain cannot get the blood needed, so blood cell dies. Stroke can be controlled 

by its earlier prediction and taking the best treatment. For our work, we collected the dataset of various patients from Kaggle which 

contains various medical factors. We used Jupyter notebook to work on this dataset. Machine learning algorithms are used to predict 

whether the person is suffering from a stroke or not. We preprocessed the data by identifying and handling the missing values. One 

Hot encoder to convert the categorical values into numerical values. The Feature Scaling step is used to normalize the range of 

independent variables. We have many machine learning algorithms for prediction among them we used logistic regression, decision 

tree classifier, support vector machine classifier. Training the dataset by all three models and finding the accuracy, f1-score, recall, 

precision to choose which machine learning algorithm provides us the best accuracy for our dataset. In turn, this helps the patients 

in the real- world for early prediction of stroke. 

 

Index Terms – Stroke, Machine Learning, Logistic Regression, Support Vector Machine, Decision Tree. 

I. INTRODUCTION 

Health is an essential aspect for every living being in a world. Stroke is a threatening disease for every human regardless of race, 

gender, etc. In 2019 there were 12.2 million incident cases of stroke and 6.55 million deaths from stroke [1]. A Stroke occurs when 

a blood vessel in the brain ruptures and bleeds, the rupture or blockage prevents the reaching of blood and oxygen to the brain's 

tissues. There are several types of strokes: Ischemic Stroke (IS), Transient ischemic Stroke (TIA), and Hemorrhagic stroke (HE). 

Ischemic stroke is most common in stroke.87% are Ischemic Stroke.10-15% are Transient ischemic stroke which is named "Mini-

stroke”.TIA Caused by a temporary blockage and symptoms will disappear within 23 hours.TIA is a warning sign of a future stroke. 

Hemorrhagic stroke occurs when an artery in the brain leaks blood. 

  

     Machine Learning is a sub-field of Artificial Intelligence (AI). Now a day’s machine learning is very important. Machine 

Learning gives the ability to learn and improve from experience without being explicitly programmed. Machine learning is used to 

make the systems learn from data by identifying patterns and making decisions with minimal human intervention. Traditionally 

data analysis was a trial and error-based approach of the data. By using efficient algorithms and fast analyses machine learning 

algorithms produce accurate results. The value of machine learning is recognized by the industries working on large amount of data. 

Machine learning can be used in various fields like finance, health, government, retail, transportation, etc. Machine Learning is 

used to understand the data and fit the data into several machine learning models that can be used by people for future decisions. 

We have known that the lifeblood of a business is data. For future decisions and competition of the business, will depends on the 

data. In healthcare and life science, machine learning is used for disease identification and risk satisfaction. We can easily build the 

machine learning model without any advanced statistics. As we input more data into the machine, this helps the algorithms to teach 

the computer. Computations and Transactions of the previous help the applications to learn. We cannot apply the machine learning 

model directly to real-world data. Real-world data is preprocessed before the application of the model. The dataset is divided into 

train and test data. -To teach the computer machine learning algorithms use training data. We predict unknown data using machine 

learning algorithms. The prediction and results are then checked against each other. 

 

    In our model, we used a machine learning algorithm to predict the stroke. Early prediction of the stroke helps the patient to 

take the medical treatment and they can avoid the risk of stroke. The Number of people who died from the stroke is less than the 

number of people suffering from the stroke. Machine learning is used in predicting disease in health care, powerful data tools are 

needed to extract useful information from the huge amount of data .where patient’s profiles like name, age, and blood sugar and 

blood pressure, etc. Classification algorithms use several attributes for finding the disease.  Machine learning will predict the values 

accurately. We can apply many machine learning algorithms among them we will choose which one will give us the best accuracy. 
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II. LITERATURE SURVEY 

Few researchers worked on Stroke Prediction using Machine Learning. In recent years some of them are described below. 

          

      Govindarajan et al [2] worked on the data collected from Sugam Multispeciality Hospital. The dataset contains 507 records of 

patients and 22 unique class labels of two major Stroke types. They applied Artificial Neural Network (ANN), Support Vector 

Machine (SVM), Decision Tree, Logistic Regression, Bagging, and Boosting. Among the above Machine Learning Algorithm, they 

predicted high accuracy using ANN Algorithm with 95.3%. 

            

       Singh and Choudhary [3] worked on data collected from faculty of Physical therapy. It contains information about 

cardiovascular health studies (CHS). The dataset consists of 5,888 samples. They separated the dataset into three different medical 

terminologies: stroke & claudication, stroke & TIA, stroke & Angioplasty. It also includes more than 600 attributes. They used 

principal component analysis for dimensionality reduction.C4.5 algorithm is used for feature selection. By ANN implementation 

they got 95%, 95.2% and 97.7% Accuracy.  

   

      Sung et al [4] worked on clinical data which contains information about ischemic stroke of 739 patient’s. This data contains 17 

clinical variables which includes history of previous TIA, risk factor for vascular diseases, patient’s demographic information, 

stroke subtypes, neuroimaging parameters etc and this will be used for calculating accuracy of machine learning algorithm in 

predicting END. They checked with 4 Machine Learning Algorithms: - Logistic Regression, Boosted Trees, Deep neural network, 

Bootstrap decision forest.0.966, 0.966, 0.966, and 0.946 are the accuracy score obtained from the model. Among all the algorithms 

the highest area under curve value of 0.934 and accuracy of 0.966 is achieved by Boosted Tree algorithm.  

 

    Sudha et al. [5] used the Neural network, Decision tree, and Bayesian classifier for stroke classification [3]. The stroke dataset is 

collected from the medical institute. Their dataset consists of information and history of the patient. The data are built to be error-

free in nature. For the prediction of the stroke all the symptoms of the patients are analyzed carefully. The identification of stroke 

and classifying it at earliest stage by analyzing the gene expression. That dataset consists of 1000 records. To reduce the 

dimensionality they had used PCA. They have got the highest accuracy as 92% for Neural Network, 91% for Naive Bayes classifier, 

and 94% for Decision tree. 

 

    Selma et al [6] collected a dataset from several hospitals and medical centers. The hospital report includes the patient number, 

age, sex, CT, MRI diagnoses, and other variables for all patients hospitalized in the hospital. The dataset contains 400 patients, their 

age is mainly between 50 and 88 years. A few cases in the age of 33 years and most of them are male. The performance of Decision 

tree classification is better than the performance of KNN algorithm. Medical specialist used decision tree algorithm to classify and 

diagnosis ischemic stroke patients. 

 

III. METHODOLOGY 

                 Fig 1 Represents the Machine Learning methodologies used for our project. There are Seven Steps  

 

 

 

                                                                    

 

 

 

 

 

 

 

 

                

 

 

 

  

 

 

                                                              Fig 1 Methods used in Machine Learning 
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3.1 Data Exploration  

    The data were collected from Kaggle. This dataset is used to predict whether a patient is likely to get a stroke based on the input 

parameters like gender, age, diseases, and smoking status. Each row in the data provides relevant information about the patient. The 

dataset contains 5110 records and 11clinical features for predicting stroke events. We had used the jupyter notebook tool and python 

as a programming language for our model. jupyter is open-source software and it contains live code, equations, visualization, It can 

be used for data cleaning and transformation, numerical simulation, statistical modeling, data visualization, and machine learning. 

Table 1 represents the Attributes Name present in our dataset. 

  

  In the Data Exploration step first, we import the libraries use to build our model. For our model, we used matplotlib, pandas, and 

NumPy libraries. For data analyzing and numerical plotting, we used matplotlib. Pandas is a very important library, it helps us to 

work on data structures and it also supports sorting, Re-indexing, iteration. NumPy is used for complex mathematical 

implementations. Secondly, we read the dataset using panda’s library. 

 

                                Table 1 Attributes Name of our dataset 

Sl.No Attributes Name 

1 Gender  

2 Age 

3 Hypertension  

4 Heart_disease 

5 Ever_married 

6 Work_type 

7 Residence_type 

8 Avg_glucose_level 

9 Bmi  

10 Smoking_status 

11 Stroke  

 

                                                                 

3.2 Data Preprocessing 

 

     It is very difficult to work on real-world data. Real-world data is inconsistent, incomplete and lacking from certain too many 

errors. If we format the data into an understandable format it will be useful to predict the high accuracy and efficiency of our model. 

The data preprocessing step enhances the quality of data and in this step, we will extract meaningful insights from the data. Data 

Preprocessing contains many steps which will help to fill the missing value in data, as we have known some models will not work 

on the Null values. All dependent and independent variables should be numerical, so in preprocessing step we can convert 

categorical data into numerical data. 

 

3.2.1 Handling Missing Values 

 

                                  Table 2 No of Missing Values in Attributes 

Attributes Name No of Missing Values 

Gender 0 

Age 0 

Hypertension 0 

Heart_disease 0 

Ever_married 0 

Work_type 0 

Residence_type 0 

Avg_glucose_level 0 

Bmi 201 

Smoking_status 0 

Stroke 0 

   

 Referencing to the Table 2 we can conclude that, the attribute named bmi(body mass index)have 201 missing value. There was 

no other attribute with missing values. 

 

Missing values can be deleted but by doing like this we lose the information so we have various methods to fill the missing values. 

First, we can fill it manually but it can’t be implemented for big datasets. Secondly, it can be filled by a mean value of that attribute 

when the data is normally distributed, In the case of non-normal distribution median value of the attribute can be used. In our 

dataset, we used the mean of the bmi attribute to fill the missing values. 

3.2.2 Handling Categorical Values 
 

    In our dataset Smoking_Status (unknown, never smoked, formerly smoked, smokes), gender (male, female), work_type (self-

employed , private, children, govt_job), ever married (yes, no), Residence_type (rural, urban).We have to convert all the categorical 
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attribute to numerical attribute. There are many methods for handling categorical values. The first method is ordinal encoding, 

where each of the unique value is replaced by integer value but it is a natural encoding for ordinal values. This can cause problems 

for nominal values.  One Hot Encoding is the best way to treat the categorical attributes. The variable which is integer encoded is 

removed and a new binary variable is added. 

 

3.3 Data Visualization 

 

   In the data visualization step, we represent the data or information in a graph, chart or other visual format communication between 

the data and information can be achieved by data visualization. We can easily understand the data by graphical representation. In 

machine learning we have many types of graph representation like histograms, density plots, box plots, correlation matrix plots, 

scatter matrix plots. Fig 2 represents the correlation between the attributes. By plotting the graph we can understand the factors that 

have more impact on our results. From Fig 3 we can know how much percentage of people suffering from a stroke.  We can we the 

visualization after the modeling also. 

 
 

                                              Fig 2 Correlation Matrix 

 

 

                                        
                                                    Fig 3 Class Distribution 

 

3.4 Feature Selection 

 

      Our dataset comprises attributes varying in magnitude and range. We cannot directly apply the ML algorithm without rescaling 

the data set. So we use the feature scaling method to normalize the variables or features of data. Feature scaling scale the ranges of 

features from 0 to 1. 

 

 

 

3.5 Feature Scaling 

      When we collect the data set for the machine learning model from the real world, we come across many features and not all the 

features are important every time. If we add unnecessary features our model leads to less accuracy. For making the machine learning 

model biased we feature selection. In this method, we select the features that increase the accuracy of our model. 

 

3.6 Model Selection 

    Machine Learning is divided into three types Supervised, Unsupervised and Reinforcement Supervised Learning is used when the 

data is given and already know what our correct output should be. In Supervised Learning, we have two types: - Regression and 
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Classification. Regression is used to predict the continuous values, Classification is used to identify a unique class, Unsupervised is 

used when we don’t have any idea about our output, and Reinforcement Learning is used to find the best possible behavior in a 

specific situation.  

               Since our dataset is categorical we use the Classification model to our dataset Binary Classification tasks involve one class 

which is the normal state, the other class is the abnormal state. In our dataset, we assigned no stroke as 0 and 1 for stroke. Many 

algorithms can be used for binary classification. In our model, we use support vector machine, logistic regression and decision tree 

classifier. 

  

3.6.1 Logistic Regression 

               

             Logistic Regression is very easy to implement and it performs very well on linearly separable classes. It is based on the 

concept of probability. 0 and 1 is the cost function limited by Logistic Regression. The sigmoid function is used to map probabilities. 

It is an S-shaped curve where the function maps any real value into another value between 0 and 1. 

 
                                                            Fig 4 Sigmoid Function Graph [7] 

 

σ (Z) = σ(β₀ + β₁X)                    Eq.1 

 

We have expected that our hypothesis will give values between 0 and 1. β₀ represents the constant, β₁ defines the steepness of the 

curve. So we will modify our equation Eq.1 

 

Z = β₀ + β₁X                      Eq.2 

hΘ (x) = sigmoid(Z)           Eq.3 

ℎ𝛩 (𝑥) =
𝟏

𝟏+𝒆−(𝜷°+𝜷𝟏𝑿)          Eq.4 

 

3.6.2 Decision Tree Classifier 

              Decision tree classification is an attractive model, by asking a series of questions the model breaks our data. Based on 

the feature in our training set the model learns a series of questions to get a class label to the sample. 

                                                       

                                                                   IG (A, S)=H(S)-∑ 𝑝(𝑡) 𝐻(𝑡)𝑡∈𝑇                Eq.1 

                          

           To calculate the information gain we want to know about the entropy of the attribute. Purity of a node is calculated by 

entropy. The lower the values of entropy higher is the purity of the node. The purer nodes with a maximum value of 1 indicate the 

higher information gain. 𝑝𝑖 is the probability of randomly picking an element of class. 

                                                        Entropy = - ∑ 𝑝𝑖 log2 𝑝𝑖
𝑛
𝑖=1                       Eq.2 

 

3.6.3 Support Vector Machine 

 

             Support vector machine classifies the data points by finding an hyperplane in an N-dimensional space. The goal of SVM 

is to get the maximum margin,were the margin distance from the hyperplane to the training samples which are close to hyperplane 

.These are called support vector. 
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                                                                   Fig 5 Maximization of the margin [8] 

          

For margin maximization, let’s express the negative and positive hyperplane as follows:   

Eq.1 represents the positive hyperplane 

Eq.2 represents the negative hyperplane         

                             

𝑤0 + 𝑤𝑇𝑥𝑝𝑜𝑠 = 1             Eq.1 

𝑤0 + 𝑤𝑇𝑥𝑛𝑒𝑔 = −1         Eq.2 

Let’s subtract eq.1 and 2: 

 

𝑤𝑇(𝑥𝑝𝑜𝑠 − 𝑥𝑛𝑒𝑔) = 2     Eq.3 

 

We use the length of the vector for normalization of the equation: 

∥ 𝑤 ∥= √∑ 𝑤𝑗
2𝑚

𝑗=1      Eq.4 

We get the below equation: 

𝑤𝑇(𝑥𝑝𝑜𝑠−𝑥𝑛𝑒𝑔)

∥𝑤∥
=

2

∥𝑤∥
     Eq.5 

The above equation gives the margin i.e. distance between the positive and negative hyperplane, which has to be maximized. 

 

 We can maximize the margin 
2

∥𝑤∥
 

By using below constraint the samples can be classified correctly, that will be written as  

𝑤0 + 𝑤𝑇𝑥(𝑖) ≥ 1 𝑖𝑓𝑦(𝑖) = 1  Eq.7 

𝑤0 + 𝑤𝑇𝑥(𝑖) ≤ −1 𝑖𝑓𝑦(𝑖) = −1  Eq.8 

For i=1…….N 

Where ,N=no of samples . 

Eq.7 and Eq.8 defines us that negative samples fall on the negative hyperplane and the positive plane falls on the positive hyperplane. 

3.7 Prediction 

 

       After applying all machine learning algorithms. We will calculate the accuracy of each algorithm and predict the new values. 

Prediction refers to the output of an algorithm. 
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Ⅳ Results  

 

        The results of our applied models are analyzed by Confusion Matrix, F1-Score, Accuracy, Recall, and Precision. A confusion 

matrix is used to summarize the performance of the algorithm. 

 

                                            Table 3 Confusion Matrix 

 Negative Positive 

Negative True negative(TN) False Positive(FP) 

Positive False Negative(FN) True Positive(TP) 

                                

Accuracy is used to determine which algorithm is best at identifying relationships. Precision is used to calculate the positive 

prediction made by machine learning algorithms. The Recall is used to measure how accurately our algorithms can identify the 

relevant data.f1_score is used to find both poor precision and poor recall. 

 

Accuracy=
(TN+TP)

(TN+TP+FN+FP)
 

 

Precision=
TP

(TP+FP)
 

 

Recall=
TP

(TP+FP)
 

 

F1-Score=2 ∗
precision∗recall

precision+recall
 

 

                                              Table 4 Confusion Matrix of Machine Learning Algorithms 

 

True Positive True Negative False Positive False Negative 

Logistic Regression 0 976 0 46 

Decision Tree 

Classifier 
4 924 52 42 

Support Vector 

Machine 
0 976 0 46 

       

 

          From Table 5 We can conclude that among our applied machine learning algorithms we got the highest accuracy in both 

Logistic Regression and Support vector machine of 95.49%. 

                          Table 5 Comparison of the performance of machine learning algorithms. 

Machine Learning Algorithms Accuracy_Score F1_Score Recall Precision 

Logistic Regression 0.954990 0.000000 0.000000 0.000000 

Decision Tree Classifier 0.908023 0.078431 0.086957 0.9207 

Support Vector Machine 0.9544990 0.000000 0.000000 0.000000 

 

 

Ⅴ Conclusion 

            In this paper, Stroke attacked by the patient is accurately predicted. Three classifier’s such as Logistic Regression, Decision 

Tree classifier, and Support vector classifier are used for the prediction of the stroke. The contribution of this paper is collecting the 

dataset of the patient and prepared that using Machine learning algorithms. The classification model is based on the 5110 records. 

From the analysis, we can conclude that Logistic Regression and Support vector machine is better with an accuracy of 95.49% than 

the other methods. This model can help people with the early prediction of stroke. 
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