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Abstract. Stroke is an illness that targets the arteries supplying blood to and in
the brain. Stroke happens when a blood vessel that nourishes the brain is
affected is clogged as a result of obstruction or hemorrhage. According to
WHO Report, 3% population is affected by subarachnoid hemorrhage, 10% by
intracerebral hemorrhage, and 87% by ischemic stroke. 80% of the cases are
preventable so implementing proper education regarding the stroke signs is very
crucial. The current research has limited potential for anticipating possible
health risksrelated to different types of strokes.This research study recommends
an early forecast of stroke diseases based on the use of various ML techniques
with the prevalence of hypertension, BMI status, average glucose status, smok-
ing, past history of stroke and age. ML algorithms such as Logistic Regression,
Random Forest, Decision Trees, Naive Bayes, SVM, MLP etc. are applied to
forecast the severity of future stroke incidence on a scale of 0 to 3. The research
not only forecasts the future likelihood of a getting a stroke for a particular per-
son who has never suffered from a stroke, but also the future likelihood of oc-
currence of a more hazardous type of stroke for those who have already suf-
fered from a stroke.
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1. Introduction

Brain stroke is ranks as a leading cause of mortality and morbidity globally, with a
great impact on the quality of life and shortening lifespan of the population. It hap-
pens when an artery that supplies oxygen and nutrients to the brain gets clogged or
bursts, causing damage to the brain cells. As per the World Health Organization
(WHO), stroke is the second most common cause of death in the world and accounts
for one in six deaths due to cardiovascular diseases. In the United States alone, there
is a stroke every 40 seconds, and a death from a stroke every 4 minutes on the clock.
Over 795,000 individuals in the U.S. have a stroke every year, out of which about
610,000 are new or first-time strokes. The effects of stroke are very serious, and the
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disease is a leading cause of long-term disability. More than 50% of survivors of
stroke over the age of 65 years experience reduced mobility, which can greatly affect
their independence.

With the high incidence and severe outcomes of stroke, early detection, prevention,
and proper management are essential to curtail its impact on the population and socie-
ty as a whole. Preventive interventions, including management of risk factors and
prompt medical care, can effectively lower the risk of stroke occurrence and attenuate
the severity of outcomes. Early prediction of stroke risk could help healthcare workers
identify individuals at risk, which would allow early interventions and personalized
treatment plans.

Over the past few years predictive modeling methodologies have been a critical com-
ponent of healthcare research, especially in disease prediction and diagnosis. These
methods are capable of processing intricate medical data to develop predictive mod-
els, identify patterns, and draw meaningful conclusions that can be used to guide clin-
ical decision-making. Machine learning algorithms, in general, are particularly effi-
cient at handling huge healthcare data patterns, forecast outcomes, to aid in the early
diagnosis of diseases like stroke. Their use in medical facilities can result in the crea-
tion of tools that enhance patient care and allow healthcare providers to make better-
informed decisions.

While the majority of existing research on stroke prediction has focused on binary
classification—predicting whether an autonomous decision-making experience a
stroke or not—this study aims to take a more advanced approach by predicting the
severity of stroke risk. This is achieved by categorizing the risk of stroke into four
distinct levels:minimal Risk (0), moderate Risk (1), significant Risk (2), extreme Risk
(3). By defining stroke risk on a continuum, the study presents a more detailed meth-
od of assessing risk, one that may prove especially beneficial for forecasting not only
the development of stroke but also the likelihood of disease severity, enabling more
individualized healthcare strategies.

The study employs a system of core characteristics to forecast stroke likelihood and
potential severity in an individual. Such characteristics include:

Hypertension: High blood pressure is a leading cause of stroke because it puts pres-
sure on the walls of blood vessels, causing damage and possible clotting.

Body Mass Index (BMI): Overweight and obesity raise the risk of stroke because
they are linked with other conditions, including hypertension and diabetes.

Average Glucose Level: High levels of blood glucose, normally seen with diabetes,
are associated with a high risk of stroke.

Smoking Status: Smoking triggers clot formation and blood vessel damage, greatly
enhancing the risk of stroke.
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Prior Stroke Severity (NIHSS Score): The National Institutes of Health Stroke
Scale (NIHSS) is used to identify the severity of the neurological deficiency after a
stroke, and it is predictive of the risk of future strokes.

Age: Older people are more at risk of stroke because of the natural course of aging in
blood vessels.

Gender: Gender differences between the risk for stroke have also been noted, with
men overall at greater risk at younger ages, and increased risk for women following
menopause.

2. Literature Survey

”Determining stroke severity risk by using machine learning”by Vamsi Bandi et
al.(2020)Vamsi Bandi used statistical learning approaches to predicting acuteness of
brain stroke.The study used a Random forest algorithm to predict the modified rank-
ing scale (MRS) score, which is used to access functional outcome after stroke. The
study used SPR model UI for predicting risk factors. The study involves
Stroke analysis(.CSV file) dataset to train the model .The result results showed that
the random forest model had an accuracy of 93% in predicting the stroke severity[1]
”Stroke risk prediction with machine learning techniques by Elias Dritsas” et al.
(2022)The study analyzed by Elias Dritsas used intelligent data analysis methods to
prediction of stroke. It uses features such as age, hypertension, bmi,
avg_glucose level, gender,smoking status to train the model. The results of the stack-
ing model had an accuracy 92%.[2]

” Analysing the performance of stroke prediction using ml classification algorithms by

Gangavarapusailasya”et al.(2021)The study by Gangavarapusailasya used the Naive
bayes classification algorithm to predict the severity of stroke from stroke dataset
.The study used features such as age, hypertension, bmi, avg_glucose level, gender,
smoking status to train the model. The result showed that thenaive bayes classification
model achieved a precision rate of 82% in predicting the stroke severity.[3]
”ComputerMethods andProgramsin Biomedicine” - Jae—woo Lee, Hyun-sun Lim,
Dong-wookKim, Soon-aeShin, Jinkwon Kim, BoraYoo, Kyung-hee Cho— The
Purpose of this paper was Calculation of 10-year stroke prediction probability and
classifying the user's individualprobability of stroke into five categories.[4]

”Haritha, A. Abhilash, K. Sona, E. Divyasri C. Bharat kumar _ The Purpose of paper
was to predict the stroke by using machine learning techniques and flask. The study
used Random forest, Decision tree ,SVM ,KNN techniques.[5]

”Predicting Stroke Outcome Using XGBoost Machine Learning Algorithm” by
Shahbazi et al. (2021)The study by Shahbazi et al. used the XGBoostmachine learn-
ing algorithm to predict the severity of stroke in 213 patients. The study used features
such as age, sex, time from symptom onset to treatment, and imaging data to train the
model. The results showed that the XGBoost model had an accuracy of 0.86 in pre-
dicting stroke severity.[6]”
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”Prediction of Acute IschemicStroke Severity on Noncontrast Computed Tomogra-
phy” by Dhar et al. (2021)Dhar et al. used machine learning techniques to predict the
severity of acute ischemic stroke on noncontrast computed tomography (CT) images.
The study used a convolutional neural network (CNN) to extract features from the CT
images and a support vector machine (SVM) to predict the severity of the stroke.
Results demonstrated that SVM model had an accuracy of 0.76 in predicting the se-
verity of stroke.[7]

” Predicting Stroke Severity and Outcome Using Deep Learning and Random For-
ests” by Li et al. (2019)Li et al. used deep learning and random forests to predict
stroke severity and outcome. The study used a CNN to extract features from MRI
images and a random forest algorithm to predict the severity and outcome of stroke.
The study used demographic, clinical, and imaging data to train the model. The re-
sults showed that the random forest model had an accuracy of 0.81 in predicting
stroke severity and an accuracy of 0.79 in predicting stroke outcome.[8]

” Machine Learning Approaches for Predicting Stroke Severity:Structured Literature
Review and Statistical Analysis” by Wang et al. (2018)Wang et al. conducted a sys-
tematic review and meta-analysis of machine learning approaches for predicting
stroke severity. The study analyzed 25 studies that used machine learning techniques
to predict stroke severity. The results showed that machine learning models had an
overall accuracy of 0.81 in predicting stroke severity.[9]

3 Proposed Model

The proposed system severity of stroke analysis using machine learning is thatwe have
used many techniques and algorithms and all other various tools to build a system
which Predicts the stroke ofthe patient and then we are comparing with the system’s data
set that is previously available. By taking those datasets and comparing with the pa-
tient’s disease we will predict the accurate percentage heart disease of the patient.The
dataset go to the classification model of the system where the data is pre-processed
for the future references and then the feature selection is done. Then the classification
of those data is done with the help of various algorithms and techniques such as SVM,
KNN, Adaboost, Gradient boost and Then the data goes in there commendation model,
there it shows the risk analysis that is involved in the system and it also provides the prob-
ability estimation of the system such that it shows the various probability likehow the
system behaves when there are n number of classifications are done and it also show what
to use and what not to use from the given datasets and the final results.Here we have
combined the overall structure and unstructured form of data for the overall risk analysis
that is required for doing the Prediction of stroke. Using the structured analysis, wecan-
identify the chronic types of disease in a particular region and particular community. In
unstructured analysis we select the features automatically with the help of algorithms
and techniques.
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3.1 Algorithms

AdaBoost Algorithm:

"A machine learning method called AdaBoost builds a powerful model by combining
several weak ones.. It's called 'adaptive' because it adjusts the importance of each data
point based on previous mistakes. This approach helps reduce errors and improve accuracy
in supervised learning.In essence, AdaBoost transforms weak models into powerful ones
by learning from mistakes and adapting to new data."

"AdaBoost: A machine learning method that builds a strong model by combining weak
ones, adapting to mistakes and improving accuracy through sequential learning."

Meodel
2
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Fig.1. Introductory Figure on AdaBoost

Gradient Boosting Machine:

Gradient Boosting Machine (GBM) is among widely adopted sequential learning
methods. GBM is a strong algorithm for constructing predictive models for classifica-
tion and regression problems. GBM allows us to obtain a forecasting model integrat-
ing multiple weak decision tree learners. It enables us to compile the predictions made
by various learner models and create a final predictive model that makes the right

guess.
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Fig .2. Introductory Figure on Gradient Boost Machine
4. Results and Analysis

AdaBoost:

AdaBoost might perform well when there are a moderate number of features or in-
stances but can be prone to overfitting if the dataset is too noisy.By re-weighting dif-
ficult-to-classify instances, the model improves its focus on challenging cases.

GBM:

GBM can outperform many other models when trained on a large dataset with signifi-
cant complexity. However, it can be sensitive to overfitting if tree ensemble size or
depth of each tree is too large.The model’s ability to adapt to multifaceted interactions
within the data makes it ideal for stroke prediction.

The final output of the system includes both predictions and a risk analysis:

e  The predictions show the likelihood of the patient having a stroke (expressed
as a percentage).

e The risk analysis provides insight into which factors contribute most to the
risk, such as age, smoking, hypertension, etc.

e The system also outputs a recommendation for further medical evaluation,
which can help guide clinicians' decisions.
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Age of Different Patients
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Fig .3. Getting distribution on the basis of age

o

Average Glusoce Level

Age of Different Patients

risk

[V Sl = ]

1 e L e e e e e e O
20 40

B0 a0

Age

Fig .4.Getting the severity of strokes age-wise
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Average BMI Level v/s Gender

risk I I

Female

35

30

25

Average BLI Level
=

15

10

Ln

0
1
2
I

BMI & Stroke

Fig.6.Getting average BMI levels across gender

Average Diastolic BP level v/s Gender
120 nsk

|
100
—
80
&0
40
20
o

Female
Dln:tolic BP & Stroke

WwrHD

Average Diastolic BP Level

Fig.7.Getting average Diastolic blood pressure levels across genders



Prediction of Brain Stroke Severity Using Machine Learning ... 195

Conclusion

This study proposes an early prediction model for stroke occurrences using a range of machine
learning techniques, incorporating factors such as hypertension, body mass index (BMI),
average glucose levels, smoking habits, previous stroke history, and age. A variety of ML
algorithms—including Logistic Regression, Random Forest, Decision Trees, Naive Bayes,
Support Vector Machine (SVM), and Multi-Layer Perceptron (MLP)—are employed to assess
the potential severity of future stroke events on a scale from 0 to 3. The model aims to predict
not only the risk of an initial stroke in individuals with no prior history but also the probability
of a more severe or recurring stroke in those who have already experienced one.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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