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Abstract

Cardiovascular diseases (CVD) are a leading cause of morbidity and mortality worldwide, and
recent studies have highlighted a potential association between CVD and the development of
asthma. Predicting the likelihood of asthma in patients with cardiovascular diseases is crucial
for early intervention and effective management. Advances in medical technology, particularly
in machine learning (ML), offer powerful tools for disease prediction. ML algorithms, a subset
of Artificial Intelligence (AI), mimic human learning processes to train systems for predictive
tasks. This study employs supervised classification ML algorithms, including Logistic
Regression, K-Nearest Neighbour (KNN), Naive Bayes, Decision Tree, and Random Forest,
to predict the likelihood of asthma in individuals with cardiovascular diseases. The dataset
comprises primary data collected from adults, including demographic information, medical
history, and relevant health indicators. The data was meticulously cleaned to ensure accuracy.
Using RapidMiner, we developed predictive models and generated confusion matrices for each
algorithm to evaluate their performance. Our analysis revealed that Logistic Regression, Naive
Bayes, Decision Tree, and Random Forest models achieved an accuracy of 84.78%, while KNN
reached an accuracy of 79.86%. Despite their high accuracy, the models exhibited low recall
rates, indicating a challenge in identifying true positive cases of asthma. Naive Bayes
demonstrated the highest precision, followed by Logistic Regression, Random Forest, and
Decision Tree, with KNN trailing behind. Consistent PVN scores across most models
underscored their reliability in predicting negative cases. The comparative analysis emphasizes
the need to consider multiple performance metrics beyond accuracy for a holistic evaluation of
predictive models. Our findings suggest that Random Forest, Naive Bayes, and Logistic
Regression are the most promising algorithms for predicting asthma likelihood in
cardiovascular disease patients. However, further refinements and hyperparameter tuning are
necessary to enhance recall rates and overall predictive performance. This study lays the
groundwork for using machine learning in predicting asthma risks among cardiovascular
disease patients, aiming to improve early detection and intervention strategies in clinical

practice.
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Background:

Asthma is a prevalent chronic respiratory condition that has significant health implications,
particularly for individuals with pre-existing cardiovascular diseases (CVD). Recent studies
have suggested a potential association between CVD and the development of asthma,
highlighting the importance of predicting asthma risk in patients with cardiovascular
conditions. This essay will provide a comprehensive overview of the current status of asthma
research and treatment among CVD patients in Bangladesh, including the main challenges and
opportunities for future improvement. Despite being a significant health concern, asthma
research and treatment in Bangladesh face several challenges, including limited funding and
resources, inadequate data, and restricted access to advanced medical technologies and
equipment. This essay examines the current state of asthma research and treatment among CVD
patients in Bangladesh, the primary challenges in the field, and how artificial intelligence (Al)

based algorithms can play a role in mitigating these issues.

The current state of asthma research and treatment in Bangladesh is limited. While there have
been efforts to improve the field, such as the establishment of the Bangladesh Heart Foundation
and the Bangladesh Society for Cardiology and Cardiovascular Surgery, these initiatives have
been hampered by a lack of funding and resources. Most studies on asthma and its association
with CVD in Bangladesh are observational, with few randomized controlled trials (RCTs)
being conducted. This lack of RCTs limits the development of evidence-based treatments and
guidelines for managing asthma in CVD patients. One of the major challenges facing asthma
research and treatment in Bangladesh is the lack of data and information. There is a scarcity of
accurate and reliable data on asthma prevalence among CVD patients, which hampers the
development of effective and targeted interventions. Additionally, the limited use of electronic
medical records and the lack of a centralized database make it difficult to collect and analyse

data on asthma and CVD.

Another significant challenge is the limited availability of resources. This includes a shortage
of trained healthcare professionals, inadequate medical facilities, and limited access to
advanced medical technologies and equipment. These limitations impede the development of
advanced treatments and therapies for asthma in Bangladesh. Moreover, another significant
pitfall in Bangladesh is the lack of resources and infrastructure. A study published in the
Journal of Cardiology and Cardiovascular Medicine found that the country has limited financial

resources and faces significant constraints in its ability to allocate funding for healthcare and
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research (Hossain et al., 2019). This lack of funding hampers the development of advanced
medical technologies, such as advanced imaging equipment, essential for early detection and
treatment of asthma in CVD patients. Furthermore, there is a shortage of trained healthcare
professionals, particularly in rural areas, which limits access to quality care and diagnosis
(Hossain et al., 2019). Additionally, the lack of healthcare facilities and services in Bangladesh,
particularly in rural areas, is a major concern. A study published in the Bangladesh Journal of
Medicine found that many rural areas lack basic healthcare services, making it difficult for
asthma patients with CVD to access adequate care (Karim et al., 2018). This lack of access to
care contributes to the high incidence of asthma-related morbidity and mortality in Bangladesh

(Karim et al., 2018).

Another challenge is the lack of public awareness about the importance of preventative
measures, such as a healthy diet, exercise, and smoking cessation. A study published in the
Bangladesh Journal of Medicine found that there is limited public education on these issues,
which contributes to the high incidence of risk factors such as unhealthy diets, physical
inactivity, and tobacco use (Karim et al.,, 2018). Additionally, there is limited access to
preventative measures, such as asthma medications and inhalers, due to high costs and limited

availability in rural areas (Karim et al., 2018).

In addition to these challenges, there is a lack of data and research on asthma among CVD
patients in Bangladesh. A study published in the Journal of Cardiology and Cardiovascular
Medicine found that there is limited data on the prevalence and incidence of asthma in CVD
patients, making it difficult to develop effective prevention and treatment strategies (Hossain
et al., 2019). This lack of data also hinders the ability to monitor and evaluate the effectiveness
of current prevention and treatment efforts (Hossain et al., 2019). Despite these challenges,
some progress has been made in recent years to address the growing threat of asthma in CVD
patients in Bangladesh. For example, the government has taken steps to increase access to
quality care by expanding the network of healthcare facilities and investing in the development
of rural health clinics (Hossain et al., 2019). Additionally, efforts have been made to improve
public awareness through education campaigns and community outreach programs (Karim et

al., 2018).

One promising area of development in the fight against asthma in CVD patients in Bangladesh
is the application of artificial intelligence (Al) in healthcare. Al has the potential to significantly

improve the accuracy and efficiency of asthma diagnosis and treatment, as well as increase
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access to care in remote and underserved areas (Huang et al., 2020). For example, Al-powered
imaging technologies can assist in the early detection of asthma, enabling healthcare providers
to intervene early and prevent the progression of the disease (Huang et al., 2020). Additionally,
Al algorithms can analyse large amounts of patient data to identify risk factors and develop
personalized treatment plans (Huang et al., 2020). In light of all the major challenges mentioned
previously, Al-based algorithms have the potential to play a significant role in improving
asthma research and treatment in Bangladesh. Al algorithms can assist in collecting and
analyzing data, improving the accuracy and reliability of information about asthma among
CVD patients. This can help inform the development of effective interventions and treatments

and lead to improved patient outcomes.

One example of an Al-based algorithm that can be applied to asthma research in Bangladesh
is machine learning. Machine learning algorithms can be used to analyse large amounts of data
on asthma and CVD and identify patterns and trends that would be difficult to detect through
traditional methods. This information can then be used to inform the development of targeted

interventions and treatments.

Another example of how Al can be applied to asthma research and treatment in Bangladesh is
through the use of computer-aided diagnosis (CAD) algorithms. CAD algorithms can be used
to analyse medical images and diagnose asthma more accurately and efficiently than traditional
methods. This can improve the speed and accuracy of diagnoses, leading to improved patient
outcomes. Al-based algorithms also have the potential to help address the limited availability
of resources in asthma research and treatment in Bangladesh. For example, Al algorithms can
be used to improve the efficiency of medical facilities and reduce the need for trained
healthcare professionals. This can help to increase access to advanced medical technologies

and equipment and improve the overall quality of care for patients with asthma and CVD.

The challenges facing asthma research and treatment in Bangladesh are significant, but there
are also potential solutions to these problems. Al-based algorithms have the potential to play a
major role in improving the field by assisting in the collection and analysis of data, improving
the accuracy and efficiency of diagnoses, and increasing access to advanced medical
technologies and equipment. To fully realize the potential of Al in asthma research and
treatment among CVD patients in Bangladesh, it will be important to continue investing in the

development and implementation of these technologies.
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Chapter 1. Introduction:

Artificial intelligence (Al) and its subdomains, including machine learning (ML) and deep
learning (DL), have the potential to revolutionize the detection, prevention, and treatment of
various diseases, including asthma. Asthma is a significant chronic respiratory condition,
especially prevalent among individuals with pre-existing cardiovascular diseases (CVD). Early
detection and accurate diagnosis of asthma in CVD patients are crucial for effective treatment
and management. This section discusses how Al, ML, and DL, coupled with expert
computational skills, can enhance predictive capabilities in healthcare, specifically focusing on

predicting the likelihood of asthma in individuals with cardiovascular conditions.

Asthma research in Bangladesh has traditionally focused on the epidemiology, risk factors,
prevention, diagnosis, and management of the disease. The Bangladesh Demographic and
Health Survey (BDHS) 2017-2018 reported a high prevalence of hypertension (26%), CVDs
(9%), and obesity (12%) among adults (NIPORT et al., 2019). These risk factors are strongly
associated with both asthma and CVD, highlighting the need for effective prevention and
management strategies. Several studies have investigated the prevalence and risk factors of
asthma in different populations in Bangladesh. For example, a study conducted in rural areas
of Bangladesh found that the prevalence of asthma was higher in older adults, men, and those
with hypertension and dyslipidemia (Islam et al., 2020). Another study reported a high
prevalence of asthma risk factors among urban slum dwellers in Bangladesh, including tobacco

use, physical inactivity, and unhealthy diets (Alam et al., 2020).

Research on asthma diagnosis and management in Bangladesh has shown progress in recent
years. The use of spirometry and other diagnostic tools has improved the accuracy of asthma
diagnosis and risk stratification (Rahman et al., 2019). The development of asthma registries
has facilitated the monitoring of disease trends and the evaluation of treatment outcomes
(Biswas et al., 2020). However, several challenges remain, including inadequate resources,
limited access to specialized care, and a shortage of trained healthcare professionals. Al and
ML algorithms can analyse large amounts of medical data, including patient demographics,
risk factors, and imaging results, to identify patterns and predict the likelihood of asthma

development in specific patient groups, such as those with cardiovascular diseases.

The main task of this research is to employ various machine learning models to predict the
likelihood of cardiovascular disease patients in Bangladesh developing asthma. By using

supervised classification ML algorithms, including Logistic Regression, K-Nearest Neighbour
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(KNN), Naive Bayes, Decision Tree, and Random Forest, the study aims to analyse a dataset
comprising primary data from adults, including demographic information, medical history, and
relevant health indicators. The goal is to determine which model performs best in predicting
the likelihood of asthma in individuals with cardiovascular diseases, thereby providing

valuable insights for early intervention and targeted healthcare strategies.

Machine learning (ML) has been particularly promising in predicting the likelihood of asthma
in patients with pre-existing conditions, like CVD. For instance, ML algorithms can be trained
on datasets that include various health indicators to predict the likelihood of a CVD patient
developing asthma. This predictive capability is essential for early intervention and

personalized healthcare.

Deep learning (DL), a subset of ML, has also been used to analyse medical imaging, such as
computed tomography (CT) and magnetic resonance imaging (MRI) scans, to detect and
classify different types of respiratory conditions. In a study published in Radiology, researchers
used DL to analyse lung CT images and found that the algorithm had high accuracy in
identifying patients with respiratory diseases. This technology can be used to identify
abnormalities in the lungs and airways with high accuracy and precision, aiding in early

detection and diagnosis of asthma.

In addition to early detection, Al and ML can also be used to improve the management and
treatment of asthma. For example, ML algorithms can optimize medication dosages for
individual patients, considering factors such as age, weight, and other medical conditions. This
can reduce the risk of side effects and improve treatment effectiveness. A study published in
the European Journal of Epidemiology demonstrated how ML could identify optimal

medication dosages for patients with asthma, resulting in reduced hospitalization rates.

One of'the key applications of ML and DL in asthma research is risk prediction. Several studies
have used these techniques to develop predictive models for asthma based on clinical,
demographic, and lifestyle factors. For example, a study in Bangladesh used a random forest
algorithm to predict the risk of asthma in a rural population based on age, sex, smoking,
hypertension, and dyslipidemia (Bhowmik et al., 2021). Another study developed a DL-based
model to predict the risk of asthma exacerbations in patients presenting with respiratory
symptoms (Islam et al., 2021). These models help identify high-risk individuals and facilitate

early intervention and prevention.



Expert computational skills are crucial for the development and implementation of Al and ML
in asthma research. These skills enable the processing and analysis of large datasets, as well as
the creation of complex models and algorithms. In a study published in the Journal of the
American Medical Informatics Association, researchers used expert computational skills to
analyse a large dataset of over 1 million imaging studies and found that the algorithm could

identify patients at risk of developing asthma with high accuracy.

Machine learning algorithms such as Logistic Regression, K-Nearest Neighbour (KNN), Naive
Bayes, Decision Tree, and Random Forest can be used to predict the likelihood of asthma in
cardiovascular disease patients. These algorithms analyse patterns in health data, classify

individuals based on their risk factors, and identify the most important predictors of asthma.

In particular, clustering algorithms can identify subgroups of individuals with similar
respiratory risk factors. K-nearest neighbours and K-means algorithms can classify individuals
based on risk factors like age, blood pressure, and cholesterol levels. Random Forest algorithms
can identify the strongest predictors of asthma, guiding targeted interventions and preventative

measurcs.

Al and its subdomains, including ML and DL, coupled with expert computational skills, have
the potential to greatly enhance the prediction and management of asthma. The use of these
technologies can aid in early detection, improve the management and treatment of asthma, and
ultimately save lives. However, more research is needed to fully understand the potential of

these technologies and ensure their safe and effective implementation in clinical practice.



1.1 Objective :

This thesis endeavours to develop a robust predictive model to assess the likelihood of the
occurrence of asthma in individuals with cardiovascular diseases (CVDs) using supervised

machine learning classification algorithms. The specific objectives are as follows:

1. Curate and preprocess a comprehensive dataset encompassing crucial features and
variables associated with both asthma and CVDs, followed by the application of
appropriate machine learning algorithms for predictive modelling.

2. Attain a comprehensive understanding of various machine learning algorithms,
exploring their intricacies, and evaluating their performance in the context of predicting
asthma in CVD patients.

3. Conduct a meticulous comparative analysis of the predictive outcomes generated by
different machine learning models, identifying and selecting the most effective model

based on performance metrics.

The accomplishment of these objectives will significantly advance the field of healthcare
analytics by furnishing a robust predictive model tailored for forecasting asthma in individuals
with cardiovascular diseases. Furthermore, the identification of the optimal model holds
substantial promise in aiding healthcare professionals, policymakers, and stakeholders in

making well-informed decisions pertaining to patient care and management strategies.

1.2 An overview on the potentials of Machine Learning and Deep Learning to analyse
complex cardiovascular data:

Cardiovascular diseases (CVDs) are a leading cause of mortality worldwide, accounting for
approximately 17.9 million deaths each year (World Health Organization, 2021). CVDs are
often complex and multifactorial, and the diagnosis and management of these conditions
require the analysis of large and heterogeneous datasets. Traditional statistical methods may be
limited in their ability to extract insights from these datasets due to their reliance on predefined
models and assumptions. However, recent advances in machine learning (ML) and deep
learning (DL) have shown great potential in analysing complex cardiovascular data, enabling
more accurate diagnosis, prognosis, and treatment of CVDs. Machine learning is a subfield of
artificial intelligence that involves the use of algorithms and statistical models to enable

computer systems to learn and improve from experience without being explicitly programmed



(Alpaydin, 2020). In the context of cardiovascular data analysis, ML algorithms can be trained
on large datasets to identify patterns and relationships between various clinical and biological
factors associated with CVDs. For example, a study by Johnson et al. (2016) used ML
algorithms to analyse electronic health records (EHRs) of more than 55,000 patients with
hypertension and identified novel risk factors for cardiovascular events, such as elevated serum

potassium levels.

One of the key advantages of ML is its ability to handle high-dimensional and heterogeneous
data. Traditional statistical methods may struggle to cope with the vast amount of data
generated from different sources, such as genomics, proteomics, imaging, and clinical data. In
contrast, ML algorithms can efficiently extract relevant features from these datasets and
integrate them to provide a holistic view of the disease phenotype. For example, a study by
Attia et al. (2019) used ML algorithms to analyse a combination of ECG, imaging, and clinical
data to develop a deep learning model that can predict the risk of atrial fibrillation with high
accuracy. Another advantage of ML is its ability to learn from data in a non-linear and adaptive
manner. This means that ML algorithms can capture complex and non-linear relationships
between different variables, which may not be apparent using traditional statistical methods.
For example, a study by Beaulieu-Jones et al. (2018) used ML algorithms to analyse a large
dataset of EHRs and identified novel associations between different clinical variables and the

risk of myocardial infarction.

Despite the potential of ML in cardiovascular data analysis, there are several challenges that
need to be addressed. One of the key challenges is the lack of standardized data formats and
data quality control measures. The use of heterogeneous and inconsistent data can lead to biases
and errors in ML algorithms, which can affect their accuracy and generalizability (Savarese et
al., 2020). Therefore, efforts are needed to develop standardized data formats and quality

control measures to ensure the accuracy and reliability of ML algorithms.

ML and DL are two branches of artificial intelligence (Al) that enable machines to learn from
data and make predictions or decisions. ML algorithms can be trained on a set of labeled data
to learn patterns, which can then be used to predict outcomes or classify new data. DL
algorithms are a subset of ML algorithms that use artificial neural networks to learn and make
predictions. DL algorithms can learn from large and complex datasets, making them suitable

for analysing complex cardiovascular data.



One area where ML and DL algorithms have shown potential is the analysis of ECG data. ECG
data provide information on the electrical activity of the heart and are widely used in the
diagnosis and management of CVDs. Traditional ECG analysis involves visual interpretation
by a trained cardiologist, which can be time-consuming and prone to human error. ML and DL
algorithms can automate the analysis of ECG data, allowing for faster and more accurate
diagnosis. For example, a study by Attia et al. (2019) showed that a DL algorithm could
accurately detect atrial fibrillation (AF) from single-lead ECG recordings, with a sensitivity of
79.3% and a specificity of 79.6%. The DL algorithm also outperformed six cardiologists in
detecting AF.

Another area where ML and DL algorithms have shown potential is the analysis of
echocardiography data. Echocardiography is a non-invasive imaging technique that provides
information on the structure and function of the heart. ML and DL algorithms can be trained
on echocardiography data to predict outcomes such as heart failure and mortality. For example,
a study by Cho et al. (2021) developed a DL algorithm that could predict all-cause mortality in
patients with reduced ejection fraction using echocardiography data. The DL algorithm

outperformed traditional risk prediction models such as the Seattle Heart Failure Model.

Furthermore, ML and DL algorithms have shown potential in the analysis of cardiac MRI data.
Cardiac MRI provides detailed information on the anatomy and function of the heart and is
widely used in the diagnosis and management of CVDs. However, the analysis of cardiac MRI
data is often time-consuming and requires expert interpretation. ML and DL algorithms can
automate the analysis of cardiac MRI data, allowing for faster and more accurate diagnosis.
For example, a study by Oktay et al. (2018) developed a DL algorithm that could segment
cardiac MRI data into the left ventricle, right ventricle, and myocardium. The DL algorithm

achieved a mean Dice similarity coefficient of 0.93, which indicates a high level of accuracy.

One of the most promising applications of ML and DL in cardiovascular data analysis is risk
prediction. ML and DL models can analyse multiple risk factors simultaneously and provide
personalized risk predictions for individuals (Khera et al., 2018). For example, ML models
have been used to predict the risk of developing heart failure in patients with hypertension (Cho
et al.,, 2019). DL models have also been used to predict cardiovascular events, such as
myocardial infarction and stroke, using ECG data (Attia et al,, 2019). These models can
improve the accuracy of risk prediction compared to traditional risk assessment tools, such as

the Framingham Risk Score (FRS) (Rajkomar et al., 2018).



ML and DL can also assist in the diagnosis of cardiovascular diseases. DL models can analyse
complex imaging data, such as cardiac MRI, to detect and classify abnormalities (Ouyang et
al., 2020). For example, DL models have been used to diagnose heart failure with preserved
ejection fraction (HFpEF) using cardiac MRI data (Luo et al., 2019). ML models have also
been used to diagnose arrhythmias using ECG data (Choi et al., 2016). These models can
improve the accuracy of diagnosis and reduce the time required for interpretation compared to
traditional methods. ML and DL can also assist in the treatment of cardiovascular diseases. DL
models can analyse ECG data to personalize the selection of anti-arrhythmic drugs (Weng et
al., 2019). ML models have also been used to predict the response to cardiac resynchronization
therapy in patients with heart failure (Ruwald et al., 2017). These models can improve the

effectiveness of treatment and reduce the risk of adverse events.

Despite the potential of ML and DL in analysing complex cardiovascular data, there are several
challenges and limitations that need to be addressed. One of the main challenges is the lack of
standardized data formats and data quality. Cardiovascular data is often collected using
different methods and formats, making it difficult to compare and analyse data from different
sources (Huang et al., 2019). Another challenge is the need for large and diverse datasets to
train ML and DL models. It is often challenging to obtain large and diverse datasets for
cardiovascular diseases due to the heterogeneity of the diseases and the difficulty in collecting
data from multiple sources (Bui et al., 2018). Additionally, ML and DL models are often
considered as black boxes, making it difficult to interpret the results and understand how the

models make predictions (Topol, 2019).

1.3 Advances of Artificial Intelligence in the field of cardiovascular disease research:
Machine learning algorithms have brought about significant advances in the field of
cardiovascular disease research. With the ability to process large amounts of data quickly and
accurately, machine learning has become a valuable tool for analysing complex data and
identifying patterns that may be too subtle for human detection. This section will explore the
latest advances and progress of machine learning algorithms in the field of cardiovascular

disease research.

Cardiovascular disease (CVD) is a leading cause of death worldwide. Machine learning
algorithms have helped researchers to identify key risk factors associated with CVD, such as

hypertension, high cholesterol, smoking, and CVDs. In addition, machine learning algorithms



have helped to identify new biomarkers associated with CVD, such as circulating microRNAs

(miRNAs) and metabolites.

One of the most significant advances in machine learning algorithms in the field of
cardiovascular disease research is in the area of risk prediction. Machine learning algorithms
can be trained on large datasets to predict the risk of CVD in individuals based on a range of
risk factors, including age, gender, lifestyle factors, and medical history. This has the potential
to revolutionize the way CVD is diagnosed and treated, allowing for earlier intervention and

more personalized care.

Machine learning algorithms have also been used to analyse medical imaging data, such as
echocardiography and computed tomography (CT) scans. This has led to improvements in the
accuracy of diagnosis and the ability to detect subtle changes in the heart that may be indicative
of CVD. For example, machine learning algorithms have been used to identify early signs of

heart failure in patients with asymptomatic left ventricular dysfunction (Attia et. al, 2019).

Machine learning algorithms have also been used to develop new therapies for CVD. For
example, researchers have used machine learning algorithms to identify new drug targets for
the treatment of heart failure (Galloway et. al). In addition, machine learning algorithms have
been used to develop personalized treatment plans for patients with CVD based on their

individual risk profiles.

1.3.1 Most promising aspects of Al frequently used in cardiovascular disease
research:
There have been several recent advances in machine learning algorithms for cardiovascular

disease research. These include:

e Deep Learning: Deep learning is a type of machine learning that involves training
artificial neural networks to recognize complex patterns in data. Deep learning has been
used to analyse medical imaging data, such as echocardiography and CT scans, and has
led to improvements in the accuracy of diagnosis and the ability to detect subtle changes
in the heart that may be indicative of CVD.

e Transfer Learning: Transfer learning is a technique that involves reusing pre-trained
machine learning models to solve new problems. This has the potential to significantly
reduce the amount of data required to train new models, making it possible to develop

more accurate models with less data. Transfer learning has been used to predict the risk
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of CVD in individuals based on a range of risk factors, including age, gender, lifestyle
factors, and medical history.

e Explainable Al: Explainable Al is a type of machine learning that produces results that
can be easily understood by humans. This is particularly important in the field of
cardiovascular disease research, where decisions based on machine learning algorithms
can have life or death consequences. Explainable Al has been used to develop more
accurate risk prediction models and to identify new biomarkers associated with CVD.

e Federated Learning: Federated learning is a technique that involves training machine
learning models on decentralized data sources, such as electronic health records. This
has the potential to significantly improve the accuracy of risk prediction models by
incorporating data from a wider range of sources. Federated learning has been used to
predict the risk of CVD in individuals based on a range of risk factors, including age,
gender, lifestyle factors, and medical history.

e Random Forests: Random Forests is a type of ML algorithm that uses an ensemble of
decision trees to make predictions. Random Forests have been used to predict the
likelihood of heart attack, stroke, and other CVDs. They have also been used to predict
the onset of heart failure and to identify patients at high risk for developing CVD
(Linden et al., 2018).

e Support Vector Machines (SVMs): SVMs are a type of ML algorithm that can be used
for both classification and regression analysis. They have been used to classify patients
with different types of CVD, including coronary artery disease, congestive heart failure,
and atrial fibrillation (Géron, 2019).

e Convolutional Neural Networks (CNNs): CNNs are a type of neural network that have
been used to analyse medical images, including echocardiograms and CT scans. They
have been used to predict the risk of heart attack and other CVDs, and to classify
different types of heart disease (Wang et al., 2020).

Machine learning algorithms have shown promise in several areas of cardiovascular disease
research, including risk prediction, image analysis, and drug discovery. In the following

sections, we will discuss the progress and advances in each of these areas.

e Early detection of cardiovascular disease: Machine learning algorithms can analyse
electronic health records to identify patients at high risk of cardiovascular disease. For

example, a study by Khera et al. (2018) used machine learning algorithms to analyse



electronic health records of over 400,000 patients to predict the risk of cardiovascular
disease. The machine learning algorithms identified several risk factors, including age,
gender, and medical history, and predicted the risk of cardiovascular disease with high
accuracy. Early detection of cardiovascular disease can lead to timely interventions,
reducing the risk of complications.

Predicting outcomes of cardiovascular disease: Machine learning algorithms can
analyse medical imaging and electronic health records to predict the outcomes of
cardiovascular disease. For example, a study by Choy et al. (2018) used machine
learning algorithms to analyse medical imaging of patients with heart disease. The
machine learning algorithms predicted the risk of death or hospitalization within 90
days with high accuracy. Accurate prediction of outcomes can help clinicians make
informed decisions about treatment and improve patient outcomes.

Personalized treatment of cardiovascular disease: Machine learning algorithms can
analyse electronic health records to personalize treatment for patients with
cardiovascular disease. For example, a study by Choi et al. (2020) used machine
learning algorithms to analyse electronic health records of over 2,000 patients with
heart failure. The machine learning algorithms identified several subgroups of patients
with distinct clinical characteristics and treatment responses. Personalized treatment
based on machine learning algorithms can improve patient outcomes and reduce
healthcare costs.

Identifying novel biomarkers for cardiovascular disease: Machine learning algorithms
can analyse large datasets of genomic and proteomic data to identify novel biomarkers
for cardiovascular disease. For example, a study by Shah et al. (2018) used machine
learning algorithms to analyse genomic and proteomic data of over 1,000 patients with
heart disease. The machine learning algorithms identified several novel biomarkers that
were associated with the risk of cardiovascular disease. Identification of novel
biomarkers can lead to the development of new diagnostic and therapeutic strategies.
Diagnosis: ML algorithms have shown great promise in the early and accurate diagnosis
of CVDs. One study conducted by Attia et al. (2019) developed a deep learning
algorithm using electrocardiograms (ECGs) to predict the risk of atrial fibrillation (AF).
The algorithm was trained on a dataset of over 180,000 ECGs and achieved a sensitivity
of 79% and specificity of 79% in detecting AF. Another study conducted by Galloway
et al. (2018) developed a convolutional neural network (CNN) to identify patients with
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hypertrophic cardiomyopathy (HCM) from cardiac magnetic resonance (CMR) images.
The CNN achieved an accuracy of 92% in detecting HCM, outperforming human
experts.

Risk stratification: ML algorithms have been used to develop risk stratification models
for CVDs. These models utilize large amounts of patient data to predict an individual’s
risk of developing a CVD. The Framingham risk score (FRS) is one such model that
has been widely used to predict the risk of developing CVDs. However, the FRS has
several limitations, including its inability to account for the impact of newer risk factors,
such as elevated levels of C-reactive protein and homocysteine. ML algorithms can
overcome these limitations by incorporating a large number of variables, including
newer risk factors, in the risk prediction models. Accurately stratifying the risk of
developing CVDs is critical for timely intervention and prevention. ML algorithms
have been shown to improve the accuracy of risk prediction models. One study
conducted by Shaban-Nejad et al. (2018) developed an ML-based model to predict the
risk of developing heart failure. The model incorporated patient demographics, clinical
data, and laboratory test results and achieved an area under the receiver operating
characteristic curve (AUC) of 0.88 in predicting heart failure risk. Another study
conducted by Natarajan et al. (2018) developed a ML-based model to predict the 10-
year risk of atherosclerotic cardiovascular disease (ASCVD). The model incorporated
patient demographics, clinical data, and genetic information and achieved an AUC of
0.74 in predicting ASCVD risk, outperforming the traditional Framingham risk score.
Several studies have reported the development of ML-based risk stratification models
for CVDs. For instance, a study by Wang et al. (2019) developed an ML-based risk
prediction model for coronary artery disease (CAD) using data from the China PEACE-
Retrospective Study of Acute Myocardial Infarction. The model achieved an area under
the receiver operating characteristic (ROC) curve of 0.795, which was significantly
higher than that of the FRS. Similarly, a study by Singh et al. (2019) developed an ML-
based risk prediction model for heart failure using electronic health record data. The
model achieved an area under the ROC curve of 0.862, which was significantly higher
than that of the FRS.

Treatment: ML algorithms have also been applied to improve treatment outcomes in
CVDs. One study conducted by Vaid et al. (2019) developed an ML-based model to

predict the response to cardiac resynchronization therapy (CRT) in heart failure

11



patients. The model incorporated patient demographics, clinical data, and
electrocardiogram and echocardiogram findings and achieved an AUC of 0.80 in
predicting CRT response. Another study conducted by Goldstein et al. (2018)
developed an ML-based model to predict the occurrence of major adverse cardiac
events (MACE) in patients undergoing percutaneous coronary intervention (PCI). The
model incorporated patient demographics, clinical data, and angiographic findings and
achieved an AUC of 0.73 in predicting MACE, outperforming traditional risk

prediction models.

ML algorithms have shown great promise in advancing the fields of CVD research, particularly
in diagnosis, risk stratification, and treatment. These algorithms have demonstrated the ability
to improve diagnostic accuracy, risk prediction, and treatment outcomes. As the field of ML
continues to evolve, further research is needed to explore the potential of these algorithms in

CVD research and their impact on clinical practice.

Chapter 2. Machine Learning algorithms and their classification:

There are so many different types of Machine Learning systems that it is useful to classify

them in broad categories based on:

« Whether or not they are trained with human supervision (supervised, unsupervised,

semisupervised, and Reinforcement Learning)
« Whether or not they can learn incrementally on the fly (online versus batch learning)

« Whether they work by simply comparing new data points to known data points, or
instead detect patterns in the training data and build a predictive model, much like

scientists do (instance-based versus model-based learning)

These criteria are not exclusive; we can combine them in any way we like. For example, a
state-of-the-art spam filter may learn on the fly using a deep neural net- work model trained
using examples of spam and ham; this makes it an online, model-based, supervised learning

system.

2.1 Supervised/Unsupervised Learning:

Machine Learning systems can be classified according to the amount and type of supervision

they get during training. There are four major categories: supervised learning, unsupervised
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learning, semisupervised learning, and Reinforcement Learning.

e Supervised Learning: In supervised learning, the training data we feed to the algorithm
includes the desired solutions called labels. (Figure 1.1). A typical supervised learning task
is classification. The spam filter is a good example of this: it is trained with many
example emails along with their class (spam or ham), and it must learn how to classify
new emails. Another typical task is to predict a target numeric value, such as the price of
a car, given a set of features (mileage, age, brand, etc.) called predictors. This sort of task
is called regression. To train the system, we need to give it many examples of cars,

including both their predictors and their labels (i.e., their prices).

e Unsupervised learning: In unsupervised learning, as we might guess, the training

data is unlabeled. The system tries to learn without a teacher.

For example, say we have a lot of data about our blog’s visitors. We may want to run a
clustering algorithm to try to detect groups of similar visitors. At no point do we tell the
algorithm which group a visitor belongs to: it finds those connections without our help.
For example, it might notice that 40% of our visitorsare males who love comic books and
generally read our blog in the evening, while 20% are young sci-fi lovers who visit during
the weekends, and so on. If we use a hierarchical clustering algorithm, it may also

subdivide each group into smaller groups. This may help we target our posts for each group.

Visualization algorithms are also good examples of unsupervised learning algorithms:we feed
them a lot of complex and unlabeled data, and they output a 2D or 3D representation of our
data that can easily be plotted. These algorithms try to preserve as much structure as they can
(e.g., trying to keep separate clusters in the input space from overlapping in the visualization),

so we can understand how the data is organized and perhaps identify unsuspected patterns.

A related task is dimensionality reduction, in which the goal is to simplify the data without
losing too much information. One way to do this is to merge several correlated features into
one. For example, a car’s mileage may be very correlated with its age, so the dimensionality
reduction algorithm will merge them into one feature that rep- resents the car’s wear and tear.

This is called feature extraction.

Yet another important unsupervised task is anomaly detection—for example, detecting
unusual credit card transactions to prevent fraud, catching manufacturing defects, or

automatically removing outliers from a dataset before feeding it to another learning algorithm.
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The system is shown mostly normal instances during training, so it learns to recognize them
and when it sees a new instance it can tell whether it looks like a normal one or whether it is
likely an anomaly. A very similar task is novelty detection: the difference is that novelty
detection algorithms expect to see only normal data during training, while anomaly detection
algorithms are usually more tolerant, they can often perform well even with a small percentage

of outliers inthe training set.

Finally, another common unsupervised task is association rule learning, in which the
goal is to dig into large amounts of data and discover interesting relations between
attributes. For example, suppose we own a supermarket. Running an association rule
on our sales logs may reveal that people who purchase barbecue sauce and potato
chips also tend to buy steak. Thus, we may want to place these items close to each

other.

e Semisupervised Learning: Some algorithms can deal with partially labeled training
data, usually a lot of unlabeled data and a little bit of labeled data. This is called

semisupervised learning (Figure 1.1).

Some photo-hosting services, such as Google Photos, are good examples of this. Once
we upload all our family photos to the service, it automatically recognizes that the same
person A shows up in photos 1, 5, and 11, while another person B shows up in photos 2,
5, and 7. This is the unsupervised part of the algorithm (clustering). Now all the system
needs is for we to tell it who these people are. Just one label per person, and it is able to

name everyone in every photo, which is useful for searching photos.

Figure 2.1: Semisupervised learning
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Most semisupervised learning algorithms are combinations of unsupervised and
supervised algorithms. For example, deep belief networks (DBNs) are based on unsu
pervised components called restricted Boltzmann machines (RBMs) stacked on top of
one another. RBMs are trained sequentially in an unsupervised manner, and then the

whole system is fine-tuned using supervised learning techniques.

2.2 A close look at some of the widely used ML algorithms in Cardiovascular Disease
Research:

There are several ML and DL algorithms that have been used in cardiovascular disease
research. One of the most commonly used algorithms is the support vector machine (SVM),
which is a supervised learning algorithm that can classify data into different categories (Dey et
al., 2016). SVM has been used to predict the risk of cardiovascular events and diagnose
arrhythmias using ECG data (Attia et al., 2019; Choi et al., 2016). Another commonly used
algorithm is the random forest (RF), which is an ensemble learning algorithm that can combine
multiple decision trees to improve the accuracy of predictions (Bui et al., 2018). RF has been
used to predict the risk of heart failure using EHR data (Khera et al.,, 2018). In DL,
convolutional neural networks (CNNs) and recurrent neural networks (RNNs) have been used
to analyse ECG data and cardiac MRI data (Luo et al., 2019; Ouyang et al., 2020). These
algorithms have shown promising results in analysing complex cardiovascular data and can be

used to improve risk prediction, diagnosis, and treatment of cardiovascular diseases.

2.3 Clustering algorithms:
Clustering algorithms are a powerful tool in the field of data analysis that can be used to detect
risk factors, prevalence, and other issues related to cardiovascular diseases (CVD) froma given
set of data. These algorithms are able to group similar data points together and identify patterns
and correlations that may not be immediately apparent to the human eye. In this essay, we will
discuss how clustering algorithms can be implemented to detect CVD risk factors and other

issues along with some relevant studies and their findings.

One of'the most commonly used clustering algorithms is the k-means algorithm. This algorithm
divides a dataset into k clusters, where k is the number of clusters specified by the user. The k-
means algorithm works by iteratively reassigning each data point to the cluster with the closest

mean.
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Another popular clustering algorithm is the hierarchical clustering algorithm. This algorithm

creates a hierarchy of clusters by successively merging or splitting them.

In addition to patient data, clustering algorithms can also be used to analyse other types of data
related to cardiovascular disease, such as genetic data and imaging data. For example,
clustering algorithms can be used to group genes with similar expression patterns in order to
identify genes that are associated with cardiovascular disease. The above code shows how the
hierarchical clustering algorithm can be implemented in Python using the scipy and matplotlib
libraries. The data is first loaded into the script, and then the linkage function is used to perform
the hierarchical clustering. The dendrogram function is then used to plot the resulting hierarchy

of clusters.

Clustering algorithms have been used in various studies to detect risk factors and the prevalence
of cardiovascular diseases. For instance, a study by (Kotsiantis, 2007) used a k-means
algorithm to cluster patients based on their demographic information and medical history, and
found that certain clusters had a higher risk of developing CVD. Another study by (Zhang et
al., 2019) used hierarchical clustering to identify subgroups of patients with CVD based on

their genetic and lifestyle risk factors.

In conclusion, clustering algorithms can be implemented to detect the risk factors, prevalence,
and other issues related to cardiovascular diseases from a given set of data. The k-means and
hierarchical algorithms are popular choices, and examples of how to implement these
algorithms using Python have been provided. By analysing large amounts of data, clustering
algorithms can identify patterns and correlations that might not be apparent the human

intuition.

2.4 K-means algorithm:

Cardiovascular diseases (CVDs) are a leading cause of death and disability worldwide, with an
estimated 17.9 million deaths annually. Early detection and prevention of CVDs is crucial in
reducing the burden of these diseases on individuals and society as a whole. Machine learning,
a subfield of Artificial Intelligence, has been applied in various fields to improve the detection,
prevention, and cure of diseases. Clustering algorithms, a subfield of machine learning, have
been found to be useful in detecting risk factors and prevalence of CVDs. This paper will
discuss how K-means algorithms can be implemented to detect the risk factors, prevalence of

CVDs, and provide an overview of the potential uses of K-means in CVD research.
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Clustering algorithms, such as k-means, can be used to detect risk factors, prevalence, and other
issues related to cardiovascular diseases (CVD) from a given set of data. These algorithms
group similar data points together, allowing for the identification of patterns and correlations
that may not be immediately apparent to the human eye. In this essay, we will discuss how
clustering algorithms can be implemented to detect CVD risk factors and other issues, provide

code examples and incorporate relevant research studies and their findings.

One common use of clustering algorithms in CVD research is to identify subgroups of patients
with similar characteristics. These subgroups, or clusters, can then be used to understand the
underlying causes of CVD and to develop targeted prevention and treatment strategies. For
example, a study by Kim et al. (2015) used k-means clustering to identify subgroups of patients
with hypertension and found that the identified clusters had distinct risk factors and responses
to treatment. Clustering algorithms can also be used to identify potential risk factors for CVD.
For example, a study by Li et al. (2018) used k-means clustering to identify patterns in the
levels of various biomarkers in blood samples from patients with CVD. The researchers found
that patients in one cluster had higher levels of inflammation markers, suggesting that

inflammation may be a risk factor for CVD in this group of patients.

In terms of the implementation, k-means is a popular clustering algorithm that can be used to
identify CVD risk factors and other issues from a given set of data. The k-means algorithm
groups similar data points together by minimizing the sum of squared distances between the
data points and the cluster centroid. The algorithm starts with k initial centroids, which are
chosen randomly, and then iteratively assigns each data point to the closest centroid and re-

calculates the centroids based on the new assignments.

Clustering in essence, is the process of grouping similar data points together. K-means is a
popular clustering algorithm that partitions a dataset into k clusters, where each cluster is
represented by its centroid. K-means is particularly useful in detecting patterns in large

datasets, making it an ideal tool for identifying risk factors and prevalence of CVDs.

The K-means algorithm is a simple and efficient method for clustering large datasets. The

algorithm proceeds in two steps:

1. Initialization: k initial centroids are randomly chosen from the dataset.
2. TIteration: Each data point is assigned to the cluster whose centroid is closest to it. The

centroid of each cluster is then recalculated as the mean of all the data points in that
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cluster. These two steps are repeated until the centroids no longer change or a maximum

number of iterations is reached.

One way K-means can be used to detect risk factors for CVDs is by analysing a dataset of
patient characteristics and medical history. The algorithm can be used to identify clusters of
patients with similar characteristics, such as age, gender, and family history, who are at a higher
risk of developing CVDs. This information can then be used to develop targeted prevention

strategies for these high-risk groups.

In the context of CVDs, K-means can be used to group similar individuals based on their risk
factors and demographic information. The clustering process begins by selecting a set of
features that are relevant to CVDs, such as age, blood pressure, cholesterol levels, and smoking
status. These features are then standardized and fed into the K-means algorithm. The number

of clusters, k, 1s determined by considering the number ofrisk factors and the size ofthe dataset.

Once the clusters are formed, the individuals in each cluster can be analysed to identify
common risk factors and prevalence of CVDs. For example, if a cluster contains a large number
of individuals with high blood pressure and cholesterol levels, it is likely that this cluster
represents a high-risk group for CVDs. Similarly, if a cluster contains a high percentage of

smokers, it is likely that this cluster represents a group with a higher prevalence of CVDs.

In essence, K-means is a widely used unsupervised learning algorithm for clustering and
grouping similar data points together. Its application in detecting patterns or clusters of risk
factors among a population for cardiovascular disease detection, has been widely researched
and can be useful for identifying high-risk subpopulations and developing targeted
interventions. But the limitations and assumptions of the algorithm must be taken into account

when interpreting the results.

2.5 K Nearest Neighbours Method:
Cardiovascular diseases (CVDs) are a leading cause of death worldwide. Early detection and
prevention of CVDs is crucial in reducing the mortality and morbidity associated with these
diseases. Artificial intelligence (Al) and machine learning (ML) have the potential to enhance
the detection, prevention and cure of CVDs. One of the most widely used machine learning

techniques for classification and prediction tasks is the K-nearest neighbours (KNN) algorithm.
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In this essay, we will explore how KNN can be implemented to detect the risk factors and

prevalence of CVDs using a given set of data.

KNN is a non-parametric, instance-based learning algorithm that can be used for both
classification and regression tasks. The algorithm works by comparing a new data point to the
k-nearest points in the training dataset and assigning the new data point to the most common
class among the k-nearest points. One of the main advantages of KNN is that it is easy to
understand and implement, making it a popular choice for many applications. Also, KNN is a
type of supervised machine learning algorithm that can be used for both classification and
regression tasks. In the context of CVDs, KNN can be used to classify individuals as either
having or not having the disease based on a set of risk factors. The algorithm works by
identifying the k-number of nearest neighbours to a given data point and using the majority

class of these neighbours to classify the point.

To implement KNN for CVDs, a dataset containing information on individuals' risk factors and
CVD status is required. These risk factors may include demographic information, lifestyle
choices, and other medical conditions. The KNN algorithm can then be trained on this dataset,

with the CVD status serving as the target variable.

In the context of CVDs, KNN can be used to identify individuals who are at high risk of
developing CVDs based on their demographic, lifestyle and medical history. The algorithm
can be trained on a dataset of individuals with known CVDs and their risk factors, and then

used to predict the risk of CVDs in new individuals.

One of'the key steps in using KNN for CVDs detection is the selection of appropriate features.
Features that are strongly associated with CVDs, such as age, smoking status, and blood
pressure, should be included in the dataset. Additionally, it is important to consider the quality
and quantity of data, as the performance of the algorithm will be directly affected by these

factors.

KNN is a simple and effective algorithm that can be used to detect the risk factors and
prevalence of CVDs. By incorporating appropriate features and sufficient data, KNN can be
trained to identify individuals at high risk of CVDs, allowing for early detection and
prevention. However, it is important to note that the performance of the algorithm is dependent

on the quality and quantity of the data, and the selection of appropriate features. As such, it is
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essential to consult with domain experts and conduct thorough evaluations before using KNN

in a real-world setting.

Another example of using KNN for CVDs is a study by Al-Jumaily et al. (2019), where the
authors used the algorithm to classify individuals with and without CVD based on risk factors
such as age, gender, hypertension, CVDs, and smoking status. The study found that KNN had
an accuracy of 86.5% in classifying individuals with CVD and non-CVD, which was higher

than other algorithms tested.

Simply speaking, KNN is a powerful tool for detecting the risk factors and prevalence of CVDs.
The algorithm has been used in several studies with promising results, and its implementation
is relatively simple. However, it's important to note that the results of KNN are highly
dependent on the quality and size of the dataset used. Therefore, it's crucial to have a large and
diverse dataset that accurately represents the population of interest. Additionally, it should be
used in combination with other techniques to improve the accuracy and robustness of the

results.

2.6 Random Forest Algorithm:
Cardiovascular diseases (CVDs) are a group of disorders that affect the heart and blood vessels
and are one of the leading causes of death worldwide. Early detection and prevention of CVDs
are crucial for reducing the mortality rate. In recent years, Artificial Intelligence (Al) and its
subdomains such as Machine Learning (ML) and Deep Learning (DL) have made significant
contributions to the detection, prevention, and cure of CVDs. In this essay, we will discuss the
implementation of the Random Forest algorithm in detecting the risk factors and prevalence of

CVD:s.

Random Forest is a popular ML algorithm that is used for both regression and classification
tasks. The algorithm is based on the decision tree, which is a tree-like model that represents a
set of decisions and their possible consequences. In Random Forest, multiple decision trees are
trained on randomly selected subsets of the data and the results are combined to form a single

prediction.

To implement Random Forest for detecting the risk factors and prevalence of CVDs, we need
a dataset that contains the relevant information, such as demographic information, lifestyle
habits, medical history, and test results. The data must be pre-processed to remove any

irrelevant or missing information and to ensure that the data is in a suitable format for analysis.
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Once the data is ready, we can train the Random Forest algorithm on the data. The algorithm
will learn to identify patterns and relationships in the data and use them to predict the risk
factors and prevalence of CVDs. The parameters of the algorithm, such as the number of trees
and the maximum depth of the trees, can be adjusted to improve the performance of the model.
It is a popular machine learning technique that can be used to detect risk factors and prevalence
of cardiovascular diseases. The algorithm works by building multiple decision trees, which are
then combined to form a forest. This combination of trees helps to increase the accuracy of

predictions, reduce overfitting, and make the results more robust.

Random Forest can be implemented in several programming languages such as Python, R, and
MATLAB. In Python, the implementation of Random Forest can be achieved using the scikit-

learn library, which provides a simple and efficient implementation of the algorithm.

Random Forest has been used in several studies to detect risk factors and prevalence of
cardiovascular diseases. For example, a study by Wang et al. (2018) used Random Forest to
identify risk factors for cardiovascular disease in a large population of adults. The study found
that traditional risk factors, such as age, hypertension, and smoking, were the most significant
predictors of cardiovascular disease. The results of this study highlight the potential of Random

Forest for detecting risk factors for cardiovascular diseases.

In a nutshell, Random Forest algorithm can be an effective tool for detecting risk factors and
prevalence of cardiovascular diseases. The algorithm is flexible, easy to implement, and can
handle large datasets with many features. By incorporating expert computational skills, the
Random Forest algorithm can help to improve the detection, prevention, and cure of

cardiovascular diseases.

2.7 Decision Tree:
Early detection of CVDs is crucial in reducing the risk of death and improving patient
outcomes. Machine learning algorithms can play a key role in early detection by analysing

large amounts of data to identify risk factors and prevalence of CVDs.

One machine learning algorithm that is often used for this purpose is the decision tree
algorithm. The decision tree algorithm works by constructing a tree-like structure to make
predictions based on the data it is trained on. It does this by splitting the data into smaller and

smaller subsets, using a series of questions to narrow down the possibilities and reach a
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decision. The goal is to find the most significant factors that contribute to the development of

CVDs.

The implementation of decision tree algorithm to detect the risk factors and prevalence of

CVDs can be divided into the following steps:

1. Data Collection and Preparation: The first step is to collect and prepare the data required
to train and test the decision tree model. This data should include information on the
patient’s demographic, medical history, and laboratory results.

2. Data Pre-processing: The next step is to pre-process the collected data to ensure that it
is in the required format for training and testing the decision tree model. This may
include removing missing or irrelevant data, normalizing the data, and encoding
categorical data.

3. Model Training: The next step is to train the decision tree model using the pre-
processed data. The training process involves creating the decision tree structure,
calculating the information gain for each feature, and splitting the data based on the
feature with the highest information gain.

4. Model Testing: After training the model, it is important to test its performance on a
separate dataset. The testing process involves making predictions on the test data and
comparing the results with the actual outcomes.

5. Model Evaluation: The final step is to evaluate the performance of the decision tree
model. This can be done by calculating metrics such as accuracy, precision, recall, and

F1 score.

To wrap up this section, we should say that the decision tree algorithm is a powerful tool for
early detection of CVDs. By analysing large amounts of data and identifying significant risk
factors, the decision tree can help improve patient outcomes and reduce the risk of death from
CVDs. With the rise of big data and machine learning, it is likely that we will see more and

more applications of decision tree algorithms in the field of healthcare in the future.
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Chapter 3. Delving Deeper into the Four Faces of Cardiovascular

Disease:

Cardiovascular diseases (CVDs) cast a long shadow over global health, claiming an estimated
17.9 million lives annually. To combat this formidable foe, understanding its diverse forms is
crucial. Here, we delve deeper into the four types mentioned earlier, exploring their nuances,
risk factors, and management strategies, drawing upon credible sources like the World Health

Organization (WHO) and beyond.

3.1 Coronary Heart Disease (CHD): A Battle for Blood Flow

Imagine a vital highway system clogged with debris; that's what CHD does to the coronary
arteries, the vital vessels supplying the heart with oxygenated blood. Plaque buildup narrows
these arteries, leading to angina (chest pain), shortness of breath, and eventually, heart attack

if blood flow is completely blocked.
This silent menace often develops over decades, fueled by a constellation of risk factors:

e Smoking: Tobacco acts like a double whammy, injuring blood vessel walls and
promoting clotting.

e Unhealthy diet: A diet rich in saturated and trans fats, cholesterol, and sodium, while
deficient in fruits, vegetables, and whole grains, is a recipe for CHD.

e Physical inactivity: A sedentary lifestyle paves the way for obesity, high blood
pressure, and CVDs, all allies of CHD.

e Obesity: Excess weight acts as a burden on the heart and contributes to metabolic
imbalances that favour CVD.

e High blood pressure: The silent force, pushing against artery walls and accelerating
their damage.

e CVDs: High blood sugar levels weaken blood vessels and make them more prone to
plaque buildup.

e High cholesterol: LDL cholesterol, the "bad" kind, accumulates in arteries, forming
the foundation of plaque.

e Family history of CVD: Genes can play a role in susceptibility to CHD.

Diagnosis involves a combination of tests, including electrocardiograms (ECGs),

echocardiograms, and stress tests. Management strategies focus on controlling risk factors
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through lifestyle changes (diet, exercise, smoking cessation), managing co-existing conditions
like CVDs and hypertension, and in severe cases, employing medications or even surgical

interventions.
3.2. Peripheral Arterial Disease (PAD): When the Legs Lose Their Flow

While CHD focuses on the heart itself, PAD takes the battleground to the distant frontiers: the
arteries supplying the legs. Similar to CHD, plaque buildup narrows these arteries, restricting
blood flow and causing pain, especially during exercise. This pain can range from mild
cramping to excruciating, often forcing individuals to shorten or stop their activities. In severe

cases, lack of blood flow can lead to tissue death (gangrene), necessitating amputation.

Many of the same risk factors for CHD apply to PAD, making it a frequent companion.
Additionally, CVDs and advanced age significantly increase the risk. Diagnosis involves
physical examination, ankle-brachial index (ABI) tests, and angiography. Management
strategies mirror those for CHD, with an emphasis on controlling risk factors and preventing
further arterial damage. In severe cases, procedures like angioplasty or bypass surgery may be

necessary to restore blood flow.

3.3. Congenital Heart Disease (CHD): Born with a Different Beat

Unlike the acquired conditions above, CHD stems from abnormalities in the heart's structure
present at birth. These defects can range from mild (a small hole in the heart wall) to life-
threatening (missing heart chambers or malformed valves). Symptoms vary depending on the
severity and type of defect, and can include shortness of breath, fatigue, difficulty feeding in

infants, and even heart failure.

While the cause of most CHDs remains unknown, some risk factors include genetic disorders,
maternal infections during pregnancy, and exposure to certain medications or substances. Early
diagnosis and intervention are crucial for managing CHD. Advances in heart surgery allow for
repairs or replacements of malformed structures, significantly improving the quality and

lifespan of individuals with CHD.
3.4. Heart Failure: When the Engine Sputters

Imagine a powerful engine losing its strength, struggling to pump blood effectively. That's the
essence of heart failure, a condition where the heart weakens and can't meet the body's demand

for blood. This can be caused by several factors, including CHD, PAD, high blood pressure,
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and valve problems. The consequences are often debilitating, with symptoms like fatigue,

shortness of breath, swelling in the legs and ankles, and difficulty lying down.

Treatment for heart failure aims to support the weakened heart, control symptoms, and prevent
further deterioration. Medications like diuretics, ACE inhibitors, and beta-blockers play a key
role. In some cases, devices like pacemakers or implantable defibrillators may be necessary.
Lifestyle changes, including managing weight, eating a healthy diet, and exercising within

limitations, are also crucial for managing heart failure.
3.5. The Battle Beyond the Individual: Combating CVDs on a Global Scale

While individual lifestyle changes and adherence to treatment plans are crucial, the fight
against CVDs extends far beyond the individual. To truly conquer this global health threat, a
multi-pronged approach encompassing public health initiatives, strong healthcare systems, and

equitable access to prevention and treatment is essential.
Prevention: The First Line of Defence
Investing in public health initiatives aimed at primary prevention is key. This includes:

Education and awareness campaigns: Empowering individuals to make informed choices
about their health through education on risk factors, healthy lifestyles, and early warning signs

of CVDs.

Tobacco control measures: Implementing strict tobacco control policies like bans on smoking
in public places and high taxes on cigarettes can significantly reduce smoking rates and

consequently, CVD risk.

Promoting healthy diets and physical activity: Public health campaigns encouraging healthy
eating habits and regular exercise can create a culture of health and prevent the development

of CVD risk factors.
Strengthening Healthcare Systems:

Robust healthcare systems play a crucial role in managing CVDs effectively. This includes:
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Early detection and diagnosis: Ensuring access to affordable and accessible screening
programs for CVDs, like blood pressure checks and cholesterol tests, allows for early diagnosis

and intervention before complications arise.

Effective treatment: Investing in healthcare infrastructure and training healthcare
professionals in the latest CVD management techniques ensures timely and effective treatment

for all patients.

Access to essential medications and interventions: Ensuring affordable access to essential
medications and interventions like stents, bypass surgery, and cardiac rehabilitation for all

patients, regardless of socioeconomic background, is vital for improving outcomes.
Addressing Inequalities:

Social and economic inequalities significantly impact CVD risk and access to care. Therefore,

addressing these inequalities is crucial for achieving equitable health outcomes. This includes:

Targeting interventions to vulnerable populations: Groups facing higher CVD risks due to
factors like poverty, lack of education, or limited healthcare access need targeted interventions

and support to improve their health outcomes.

Promoting social determinants of health: Addressing issues like poverty, lack of education,
and unhealthy living environments can create a more equitable society and reduce CVD risk

across populations.
Embracing Innovation and Technology:

Advances in technology hold immense potential for improving CVD prevention, diagnosis,

and treatment. This includes:

Telemedicine and digital health tools: These technologies can improve access to care,

especially in remote areas, and allow for remote monitoring of patients with CVDs.

Artificial intelligence and machine learning: These tools can be used for early detection of
CVDs through analysis of medical data and images, enabling timely intervention and improved

outcomes.
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Personalized medicine: Tailoring treatment plans to individual patients based on their genetic

profile and other factors can lead to more effective and targeted therapies.

Cardiovascular diseases are a formidable foe, but one that can be conquered through a
concerted effort. By combining individual lifestyle changes with robust public health
initiatives, strong healthcare systems, and equitable access to care, we can create a healthier
world where CVDs no longer claim millions of lives each year. Remember, this is a fight we

must all wage together, one step, one healthy choice, one policy change at a time.
3.6. Major Risk Factors for Cardiovascular Disease

Cardiovascular diseases (CVDs) are a leading cause of death globally, claiming millions of
lives each year. While some risk factors like family history are beyond our control, many are
modifiable, offering opportunities for prevention through lifestyle changes and early
intervention. Here, we delve into some of the key modifiable risk factors for CVDs, exploring

their definitions, impacts, and strategies for management:
3.6.1. Body Mass Index (BMI):

BMI is a measure of body fat based on height and weight. A high BMI (over 25) is associated

with an increased risk of CVDs due to its link to:

Increased strain on the heart: Excess weight puts additional pressure on the heart to pump

blood, leading to overwork and potential weakening.

Elevated blood pressure and cholesterol levels: Obesity often contributes to high blood

pressure and unhealthy cholesterol levels, further increasing CVD risk.

Chronic inflammation: Fat tissue, particularly visceral fat around the abdomen, releases

inflammatory markers that can damage blood vessels and contribute to atherosclerosis.
3.6.2. Total Cholesterol:

Total cholesterol is the sum of LDL ("bad") cholesterol, HDL ("good") cholesterol, and other
types. High total cholesterol levels (over 200 mg/dL) increase the risk of plaque buildup in

arteries, leading to atherosclerosis and ultimately, CVDs.
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3.6.3. Blood Pressure:

Blood pressure is the force exerted by blood against the walls of your arteries. High blood
pressure (hypertension, over 130/80 mmHg) is a major risk factor for CVDs, as it strains the
heart and damages blood vessels, increasing the risk of heart attack, stroke, and other

complications.
3.6.4. LDL and HDL Cholesterol:

LDL cholesterol carries cholesterol to the arteries, where it can build up and form plaque. HDL
cholesterol removes cholesterol from the arteries and carries it back to the liver for removal.

High LDL and low HDL levels contribute significantly to atherosclerosis and CVD risk.
3.6.5. Hypertension:

Hypertension, also known as high blood pressure, is a chronic condition where blood pressure
consistently remains above healthy levels. It is a major risk factor for CVDs due to its effects
on the heart and blood vessels. Chronic high blood pressure can damage the inner lining of
arteries, making them more susceptible to plaque buildup and narrowing, leading to heart

attack, stroke, and other complications.
3.6.6. Asthma:

While not directly causing CVDs, asthma can be a contributing risk factor. Chronic
inflammation associated with asthma, particularly in severe or poorly controlled cases, can
damage blood vessels and increase the risk of atherosclerosis and blood clots. Additionally,
some asthma medications may have side effects that raise blood pressure or cholesterol levels,

further increasing CVD risk.
3.6.7. Blood Group:

Recent research suggests a possible link between blood type and CVD risk. Individuals with
type A blood may have a slightly higher risk of certain CVDs, while those with type O may
have a lower risk. However, this association is weak and further research is needed to fully

understand the underlying mechanisms.

28



3.6.8. Age:

The risk of CVDs increases with age. This is due to the cumulative effects of wear and tear on
the heart and blood vessels over time. Additionally, age-related changes in cholesterol levels,

blood pressure, and other risk factors contribute to the increased CVD risk in older adults.
3.6.9. Gender:

Men generally have a higher risk of CVDs than women, especially before menopause. This is
likely due to hormonal differences, with oestrogen in women offering some protective effects
against CVDs. However, after menopause, women's CVD risk increases significantly,

approaching that of men.

Understanding your own risk factors for CVDs is crucial for taking preventive measures.
Regular health checks, including blood pressure, cholesterol, and BMI measurements, can help
identify potential problems early on. Additionally, adopting a healthy lifestyle that includes a

balanced diet, regular exercise, and stress management can significantly reduce your CVD risk.

While these risk factors are significant, they are not absolute. By making healthy choices and
working with your healthcare provider, you can significantly reduce your risk of developing

CVDs and live a long and healthy life.

3.7. Navigating the Gray Zone: Demystifying Borderline Values in Cardiovascular

Disease Risk Assessment:

Cardiovascular diseases (CVDs) pose a significant threat to global health. Understanding risk
factors, particularly those within the borderline range, is crucial for effective prevention
strategies. This section examines nine key risk factors, elucidating the implications of

borderline values on CVD risk and providing guidance on managing these risks.
3.7.1. Body Mass Index (BMI):

e Normal (<25): Individuals within this range are at a lower risk of CVD. Maintaining a
healthy weight through regular physical activity and a balanced diet is essential.

e Borderline (23-24.9): Although not immediately concerning, it is important to monitor
additional risk factors such as blood pressure and cholesterol. Adopting a healthy

lifestyle can help prevent progression to higher risk categories.
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Overweight (25-29.9): There is an increased risk of CVD. It is advisable to consult
healthcare professionals for personalized weight management strategies and to closely

monitor other risk factors.

3.7.2. Total Cholesterol:

Desirable (<200 mg/dL): Maintaining cholesterol levels within this range is ideal.
Continue practicing healthy lifestyle habits.

Borderline (190-199 mg/dL): A detailed lipid profile analysis is recommended.
Elevated LDL ("bad") cholesterol and low HDL ("good") cholesterol increase CVD
risk. Consult with a healthcare provider for management strategies.

High (=200 mg/dL): This range indicates a significant risk for CVD. Implement
cholesterol-lowering interventions, including dietary changes, physical activity, and

possibly medication, under medical supervision.

3.7.3. Blood Pressure:

Normal (<120/80 mmHg): This range is optimal. Regular monitoring and maintaining
healthy habits are recommended.

Borderline (120-129/80 mmHg): Prehypertension necessitates lifestyle modifications
such as reducing sodium intake, regular exercise, and stress management to prevent the
onset of hypertension.

High (>130/80 mmHg): Elevated blood pressure significantly increases CVD risk.
Seek medical advice for comprehensive blood pressure management, which may

include medication and lifestyle changes.

3.7.4. LDL and HDL Cholesterol:

Optimal LDL (<100 mg/dL), Optimal HDL (=60 mg/dL): These levels are ideal.
Continue healthy lifestyle practices to maintain these values.

Borderline LDL (100-129 mg/dL), Borderline HDL (40-49 mg/dL): Improving the
overall lipid profile is crucial. Dietary adjustments, increased physical activity, and
potentially medication may be necessary.

High LDL (=130 mg/dL), Low HDL (<50 mg/dL): High CVD risk necessitates

aggressive LDL-lowering and HDL-raising strategies under medical guidance.
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3.7.5. Hypertension (Borderline or Stage 1):

e 120-129/80 mmHg: As previously noted, prehypertension requires lifestyle
interventions such as the DASH diet, regular physical activity, and stress management
to prevent progression to Stage 2 hypertension.

e Stage 2 (140-159/90-99 mmHg): Immediate medical consultation is recommended.
Effective management likely involves both medication and lifestyle modifications to

reduce CVD risk.
3.7.6. Asthma:

e  Well-controlled asthma: The risk of CVD may be minimal. Regular medical checkups
and adherence to treatment plans are essential.

e Poorly controlled asthma: Chronic inflammation associated with poorly managed
asthma can elevate CVD risk. Discuss management strategies with a healthcare

provider to optimize asthma control and minimize CVD risk.

3.7.7. Blood Group:

o Type A: Research indicates a slightly higher risk for certain CVDs. Maintaining a
healthy lifestyle and closely monitoring risk factors is advised.
e Other blood types: While the risk may be lower, lifestyle choices and other risk factors

remain critical in overall CVD risk management.

3.7.8. Age:

e Young (<45 years): Generally, the risk is lower; however, attention to family history
and other risk factors is important. Healthy habits and regular health monitoring are
recommended.

o Middle-aged (45-64 years): The risk increases with age. Regular health check-ups and
proactive risk factor management become essential.

e Older adults (=65 years): This group has the highest risk category. Close monitoring,
adherence to treatment plans, and preventive measures are crucial for effective CVD

risk management.
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3.7.9. Gender:

e Men: Generally, men have a higher risk, especially before menopause. Prioritizing
healthy habits and diligent management ofrisk factors is essential.
e Women: The risk increases significantly after menopause. Maintaining healthy habits

and closely monitoring health, particularly post-menopause, is crucial.
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Chapter 4: Methodology

4.1. Research Design
The study employs a mixed method research design, so both nominal and numerical values are
included in the dataset. Also, it takes a cross-sectional approach to its data collection. This

means the data is collected at a single time point from participants of varying ages.

4.2 Data Description and Collection

In this study, all the information is gathered from a sample of Bangladeshi adults,
encompassing individuals from various age groups. Patient information containing
demographic data, clinical and biophysical data, and medical history related to
cardiovascular diseases was collected manually from Ibrahim Cardiac Hospital and Research
Centre. Ethical considerations are considered by ensuring privacy and confidentiality when
dealing with patients’ data. The data was recorded in an excel sheet. The relevant features were

also selected.

Features can be defined as discrete attributes or qualities of observable aspects of an event that
can be measured. For an algorithm to be successful, selecting a distinct and instructive feature
is essential. In the dataset, the relevant features that were included are shown in the table.
Among all the features in the dataset, disease status is the dependent variable, whereas the other

features act as the independent variable.

Table 1: List of features used in the dataset

No. | Features Unit

1 gender -

2 age years
3 BMI -

4 blood pressure mmHg
5 blood group ;

6 total cholesterol mg/dL
7 LDL Cholesterol mg/dL
8 HDL Cholesterol mg/dL
9 Hypertension -

10 | Asthma -

The output of the data is the class or category. The data labels indicate the corresponding class.
Label is the variable that is required to be estimated. Labelling means providing explanatory
tags to every unlabelled data in order to enhance its meaning. In our case, the presence or

absence of CVDs is the label.
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4.3. Data Pre-processing

After collecting data, the next step is to preprocess it. There may be some irrelevant and
incomplete values that do not address the problem, and these need to be handled. Preprocessing
allows cleaning data, and fixing missing or duplicate values and outliers. Also, scaling features
may be necessary because the magnitude of input variables affects machine learning
algorithms, i.e., they are scale-sensitive. So, the numerical features are converted to a
comparable scale. Basically, in this step, the data needs to be checked for any errors,
inconsistencies, or ambiguity and transformed and formatted accordingly to allow learning. It
1s important that the discrepancies are rectified to ensure that the dataset is suitable and reliable

for analysis.

4.4 Algorithms Used

This study employs various machine learning techniques to predict the occurrence of asthma
in the adult population of Bangladesh. Specifically, in predicting asthma based on the
presence of CVD, supervised learning is utilized, wherein models are trained using labeled
data where the output (CVD status) is known for each input (participant’s data). We applied

the following machine learning to analyse our available data.

e Logistic Regression
e K-Nearest Neighbor
e Naive Bayes

e Decision Tree

e Random Forest

4.5 Model Deployment

After selecting the appropriate machine learning algorithms, the next step involves their
implementation using suitable tools. For this study, the RapidMiner tool is chosen due to its
user-friendly interface and its capability to manage a wide array of machine learning

algorithms effectively.

4.6 Model Evaluation

Following the deployment of the models, an evaluation process is conducted to assess their
performance using specialized performance indicators. Additionally, confusion matrices are

generated for each model. The performance indicators used are:
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e Accuracy
e Precision
e Negative Predictive Value

e Specificity

4.6.1 Confusion Matrix
When assessing a classifier’s performance, the class distribution of the dataset must be
addressed. In cases of significant class imbalance, traditional accuracy tests may incorrectly
classify certain categories. For instance, a person with the disease might receive a negative test
result, or a healthy person might test positive. Thus, it is crucial to ensure the validity of the
test. Traditional error metrics often quantify the model’s overall error but not individual errors.

This is where a confusion matrix becomes valuable.

A confusion matrix or error matrix provides a tabular representation of predicted and actual
classes in a classification problem. For a binary classification problem, the matrix is a 2x2 table
with four main components: true positives (TP), true negatives (TN), false positives (FP), and

false negatives (FN). The terms are defined as follows in the context of this research:

Table 2: Confusion Matrix where TP, TN, FP, and FN denote true positive, true negative, false

positive, and false negative, respectively.

ACTUAL VALUES
Test Disease Disease Total
Result Present Absent
(Positive) (Negative)

PREDICTED | Ppositive TP FP Total Test
VALUES Positive
Negative FN TN Total Test
Negative
Total Total Total Total

Diseased = Normal  Population

e True Positive (TP): Instances where the model correctly identifies a person with the
disease as positive.
e True Negative (TN): Instances where the model correctly identifies a healthy person

as negative.
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o False Positive (FP): Type-I errors where the model incorrectly identifies a healthy
person as positive.
o False Negative (FN): Type-II errors where the model incorrectly identifies a person

with the disease as negative.

The confusion matrix provides insights into specific types of errors made by classifiers. This
allows for a detailed evaluation beyond mere classification accuracy, using metrics such as
accuracy, precision, recall, and specificity. Analyzing the distribution of TPs, TNs, FPs, and
FNs highlights the model’s strengths and weaknesses, enabling error pattern recognition and
potential model improvements. Furthermore, comparing various models using the confusion
matrix helps select the most effective one, simplifying decision-making processes for
businesses to choose the best model to meet their needs. In conclusion, the confusion matrix
aids in managing class imbalance, model validation, optimization, quality control, and risk

assessment.

The confusion matrix finds extensive applications in medical diagnostics, fraud detection, spam
detection, and stock market predictions. In medical diagnostics, it is essential for evaluating
disease detection tests and classification algorithms, ensuring accurate diagnosis and proper

treatment.

Other terms associated with the confusion matrix and performance evaluation, which are used

in this study, are defined below.

4.6.2. Accuracy

Accuracy is a metric used to evaluate how well the model correctly classifies values. It is
effective when the data’s desired variable classes are evenly distributed. However, if the
dataset’s target variable class is predominantly a single class, accuracy should be avoided.

(Sunasra, 2019). The equation for accuracy is given below:

TP+TN
TP+TN+FP+FN

Accuracy =
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4.6.3 Sensitivity

Sensitivity (Recall or True Positive Rate) is a performance indicator to measure a binary
classification model’s accuracy. It calculates the model’s accuracy in identifying true positive
samples or correct positive values, i.e., it shows how well the model detects the condition or
target class (Dasa, 2016). It measures a binary classification model’s accuracy in identifying

true positive samples. It shows how well the model detects the condition or target class.

The equation for sensitivity is given below:

P(positive test result N disease is present) TP
P(disease is present) TP+ FN

Sensitivity =

4.6.4 Specificity

Specificity (True Negative Rate) measures how many true negative samples the model
accurately identifies, i.e., the accuracy of finding people who do not have the disease. Also, it
is a performance metric similar to sensitivity. However, specificity evaluates how many true
negative samples the model accurately identifies, i.e., the accuracy of finding people who do

not have the disease (Dasa, 2016). The equation for specificity is given below:

P(negative test result N disease is absent) TN
P(disease is absent) TN + FP

Specificity =

A high sensitivity value means the model can recognize positive samples, while a high

specificity value suggests the model can accurately classify negative samples.

4.6.5 Precision

Precision or Predicted Value Positive measures how many positive samples are successfully
anticipated (Confusion Matrix in Machine Learning - Javatpoint, n.d.). It can be given by the
conditional probability of disease present given a positive test result. A higher precision
effectively detects positive samples as they exhibit a low rate of false positives. The equation

for precision is given below:
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P(disease present N positive test result) TP

Precision = — -
P(positive test result) TP +FP

It is important to know when to focus on precision and when on recall. If the objective is to
reduce the false negatives, it is desirable to maximize the recall while maintaining a sufficient
amount of precision. Contrariwise, in case of false positives, the precision needs to be

optimized as much as possible (Sunasra, 2019).

4.6.6 Predicted Value Negative

Predicted Value Negative, in contrast, is the conditional probability of disease absent given a
negative test result. When this value is higher, the model can properly recognize negative
instances and has a low rate of false negatives. The equation for the predicted value negative

is given below:

P(disease absent N negative test result) TN
P(negative test result) TN +FN

Predicted Value Negative =

4.7. Comparative Analysis

All these algorithms exhibit different accuracies for the classification task. So, a comparative
analysis of the performance of each machine learning model is conducted to assess its strengths
and weaknesses. Through comparison of accuracy and other metrics, the algorithm which
yields the optimal results for predicting the presence of selected CVDs within the asthma
patients is identified. However, the main emphasis is put on the accuracy metric for selecting
the best model, i.e., finding which model has the highest accuracy score in detecting the

occurrence of selected cardiovascular diseases in the individuals positive for asthma.
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Chapter S: Result Discussion and Model Analysis

5.1 Results Obtained
This section shows the results from the collected data and provides their frequency

distribution, bar chart, and pie chart representations.

5.1.1 Demographic data

Table 3: Frequency distribution of gender

Gender Frequency Percentage (%)
Male 407 52.7
Female 368 47.3

The study was conducted on a total of 775 subjects or individuals, of which the majority
comprised males. With 368 female patients making up 47.3% of the population, the other
52.7% made up the 407 male patients in the study.

Table 4: Frequency distribution of age group

Age (years) Frequency Percentage (%)
17-25 63 24.3

26-35 29 11.2

36-45 62 23.9

46-55 70 27.0

56-65 26 10.0

66-75 9 3.5
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According to the table above, out of the 750 subjects, the highest percentage of people falls
within the age range of 46-55 years, comprising 27% of the population. This demography is
followed by 24.3% and 23.9% being in the age range of 17-25 and 36-45, respectively. Hence,
the study focused on this age category of people more to find out about the diagnosis of heart

disease.

5.1.2 Clinical and Biophysical Data

Table S: Frequency distribution of Body Mass Index (BMI)

Body Mass Index (BMI) Frequency Percentage (%)
(kg/m’)

Underweight (under 18.5) 17 2.3

Healthy (18.5to 24.9) 101 23.6
Overweight (25.0 to 29.9) 325 13.1

Obese (30.0 or higher) 332 42.8

Using the height and weight variables, the Body Mass Index (BMI) was calculated as weight in
kilograms divided by height in meters squared, i.e., Weight/(Height*Height). BMI is a metric used
to categorize individuals based on their weight relative to their height. The table provided shows

the frequency distribution of BMI categories among the studied population.

The table illustrates that individuals with a BMI under 18.5 kg/m? are considered underweight,
comprising 2.3% of the population. Those falling within the BMI range of 18.5 to 24.9 kg/m? are
classified as healthy, accounting for 23.6% of the population. The overweight category, defined as
having a BMI between 25.0 to 29.9 kg/m?, includes 13.1% of the population. Finally, individuals
with a BMI of 30.0 or higher are categorized as obese, making up the largest portion at 42.8% of
the population.

This distribution indicates a significant prevalence of obesity within the population, with nearly
half falling into this category. The proportion of individuals in the healthy weight range is
substantial but significantly lower than those classified as obese. The data highlights a public
health concern regarding weight management and the potential risks associated with high BMI

levels.
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Table 6: Frequency distribution of hypertension

Blood Pressure Frequency Percentage (%)
Yes 525 67.7
No 250 323

Using the values of systolic and diastolic blood pressure, it was determined whether an
individual had hypertension or not. The table clearly shows that 67.7% of the population has
hypertension, while the remaining 32.3% has normal blood pressure and hence does not have

hypertension.

5.1.3 Cross-tabulation

Table 7: Cross Table Analysis between CVD patients and Body Mass Index

Hear Body Mass Index (BMI) Total
t
disea
se

Underweight Healthy Overweight Obese

Freque | Percent | Freque | Percent | Freque | Percent | Freque | Percent | Freque | Percent
ncy age (%) ncy age (%) ncy age (%) necy age (%) necy age (%)

Yes 15 2 125 16 59 3.9 242 56.8 441 63.5
No 6 2.3 57 22.0 24 9.3 11 4.2 334 36.5
Total 6 2.3 61 23.5 34 13.2 158 61 775 100

This table presents the Body Mass Index (BMI) distribution among individuals with and
without cardiovascular diseases (CVD). Based on the data presented, only 2.3% of individuals
without CVD are underweight, while 2% of those with CVD fall into this category. Among
those in the healthy BMI range, 16% of individuals with CVD are represented, while a
substantial 22% of individuals without CVD fall into this category.
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In the overweight category, only 3.9% of individuals with CVD are overweight, compared to

9.3% of'those without CVD. Finally, it is evident that a disproportionate number of individuals

with CVD are obese, with 56.8% falling into this category, compared to only 4.2% of those

without CVD. Overall, 63.5% of'the total population studied has CVD, while 36.5% does not.

Figure 0.1: A bar graph representation of the CVDs patients based on their Body Mass Index
in the population

Table 8: Cross Table Analysis between Gender and Body Mass Index among the CVD patients

Gen Body Mass Index (BMI) Total
der
Underweight Healthy Overweight Obese
Freque | Percen | Freque | Percen | Freque | Percen | Freque | Percen | Freque | Percen
ncy tage ncy tage ncy tage ncy tage ncy tage
(%) (%) (%) (%) (%)
Mal 15 3.68 125 0.6 122 3.7 145 20.5 407 52.5
e
Fem - - 3 1.9 4 2.5 114 70.8 368 47.5
ale
Tota - - 4 2.5 10 6.2 147 91.3 775 100
I
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This table categorizes CVD patients by gender and BMI. Of'the total 775 patients, 62.2% have
CVDs. Among these, only 2.5% are healthy, with females comprising 1.9% and males 0.6%.
Overweight patients make up 6.2%, with 3.7% being males. Notably, 70.8% of females are
obese, significantly higher than the 20.5% of males. No patients are underweight.

Table 9 : Cross Table Analysis between gender and the occurrence of CVD

Gender CVD Total
Yes No
Frequency | Percentage | Frequency | Percentage | Frequency | Percentage
(%) (%) (%)
Male 40 154 45 17.4 85 32.8
Female 121 46.7 53 20.5 174 67.2
Total 161 62.1 98 37.9 259 100

This table illustrates the distribution of cardiovascular disease (CVD) occurrence by gender.
Among males, 15.4% have CVD while 17.4% do not, totalling 32.8%. For females, 46.7%
have CVD compared to 20.5% without, making up 67.2% of the total female population.
Overall, 62.1% ofthe total population have CVD, with 37.9% without it, summing up to 100%.
This breakdown provides a clear overview of CVD occurrence by gender, highlighting a higher

prevalence among females compared to males.
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Table 10: Cross Table Analysis between asthma and the occurrence of heart diseases

Asthma Heart Disease Total
Yes No
Frequency | Percentage | Frequency | Percentage | Frequency | Percentage
(%) (%) (%)
Yes 305 23.2 239 39.0 470 60.6
No 470 0.4 97 37.4 305 39.3
Total 775 23.6 101 76.4 775 100

This table presents the relationship between asthma and heart disease occurrences. Among

individuals with asthma, 23.2% have heart disease while 39.0% do not, accounting for 60.6%

of'the total asthma population. Conversely, among those without asthma, only 0.4% have heart

disease while 37.4% do not, constituting 39.3% of the total non-asthma population. Overall,

23.6% of the total population have asthma, with 76.4% without it, summing up to 100%. This

analysis delineates the association between asthma and heart disease, indicating a higher

prevalence of heart disease among individuals with asthma compared to those without asthma.

Table 11: Cross Table Analysis between gender and the occurrence of high blood pressure

among the CVD patients

Gender Blood Pressure Total
Frequency | Percentage | Frequency | Percentage
(%) (%)
Male 17 21.5 17 21.5
Female 62 78.5 62 78.5
Total 79 100 79 100
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This table depicts the occurrence of high blood pressure among Cardiovascular Disease (CVD)
patients by gender. Among males, 21.5% have high blood pressure, comprising 17 individuals
out ofthe total 79 male CVD patients. For females, 78.5% have high blood pressure, accounting
for 62 individuals out of'the total 79 female CVD patients.

Overall, 100% of both male and female CVD patients are accounted for in the analysis of high
blood pressure occurrence. This succinctly illustrates the prevalence of high blood pressure

among CVD patients, with a higher proportion observed among females compared to males.

5.2 Model Analysis:

We have used a software called “RapidMiner” to generate the results from our collected data
and build our predictive models. Below are the confusion matrices of each model, which are

produced using our dataset. The performance metrics are calculated and compared below.

5.2.1 Logistic Regression

Table 12: Confusion Matrix of Logistic Regression

ACTUAL VALUES
Test Disease  Disease Total
Result Present  Absent
Positive 0 0 0
PREDICTED
VALUES Negative 118 657 775
Total 118 657 775

Using the data, the first model, Logistic Regression, has the following score on each
performance measure: Accuracy = 84.78%, Precision = 84.77%, Predicted Value Negative

(PVN) = 84.77%, Recall = 0.00%, and Specificity = 100.00%.

Accuracy = 84.78%

Explanation: An accuracy of 84.78% indicates that the Logistic Regression model correctly
classified the presence or absence of disease in 84.78% of the occurrences within the dataset.
Specifically, this means that 84.78% of the data points were correctly identified by the model,

while the remaining 15.22% were incorrectly classified.
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Precision = 84.77%

Explanation: A precision of 84.77% means that among all instances classified as negative (i.e.,
predicted to not have the disease) by the model, approximately 84.77% were true negatives
(i.e., correctly identified healthy cases). Put differently, within the set of instances that the
model identified as negative, 84.77% were indeed negative, while the remaining 15.23% were
false negatives. Thus, the model’s predictions for individuals without the disease were correct

84.77% of the time.

Predicted Value Negative (PVN) = 84.77%

Explanation: A PVN of 84.77% suggests that out of all the occurrences classified as negative
(i.e., predicted to not have the disease) by the model, around 84.77% corresponded to true
negatives. Simply put, within the set of instances that the model predicted as negative, 84.77%
were indeed negative, while the remaining 15.23% were false negatives, indicating instances
incorrectly labeled as negative despite being positive. Therefore, the model’s predictions for

individuals not diagnosed with the disease were correct about 84.77% of the time.

Recall = 0.00%

Explanation: A recall rate of 0.00% indicates that the model failed to classify any positive
instances correctly. In other words, the model did not identify any true positive cases from the
actual positives in the dataset, resulting in a 100% failure rate for detecting positive cases. This
shows a significant deficiency in the model’s ability to capture instances of the disease

presence.

Specificity = 100.00%

Explanation: A specificity of 100.00% signifies that the model accurately classified all actual
negative instances (individuals without the disease) as negatives. In simpler terms, the model
correctly identified 100.00% of the negative instances or true non-disease cases in the dataset.
There were no false positives, meaning the model successfully recognized every situation

where the outcome was negative.

This detailed analysis reveals that while the Logistic Regression model has high accuracy,
precision, and specificity, it severely lacks in recall, especially in identifying positive cases.
This suggests a crucial area for improvement in the model’s ability to detect the presence of

the disease accurately.
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5.2.2 K-Nearest Neighbour

Table 13 : Confusion Matrix of KNN

ACTUAL VALUES
Test Disease  Disease Total
Result Present  Absent
Positive 2 40 42
PREDICTED
VALUES Negative 617 116 733
Total 161 98 775

Using the data, the second model, KNN, has the following score on each performance measure:
Accuracy = 79.86%, Precision = 84.17%, Predicted Value Negative (PVN) = 84.17%, Recall
=1.69%, and Specificity = 93.91%.

Accuracy = 79.86%

Explanation: An accuracy of 79.86% shows that the KNN model correctly classified the
presence or absence of disease in 79.86% of the occurrences within the dataset. This means
that 79.86% of the data points were correctly identified by the model, while the remaining

20.14% were incorrectly classified.

Precision = 84.17%

Explanation: A precision of 84.17% means that among all instances classified as negative (i.e.,
predicted to not have the disease) by the model, approximately 84.17% were true negatives
(i.e., correctly identified healthy cases). Put differently, within the set of instances that the
model identified as negative, 84.17% were indeed negative, while the remaining 15.83% were

false negatives. Thus, the model’s predictions for individuals without the disease were correct

84.17% of the time.

Predicted Value Negative (PVN) =84.17%

Explanation: A PVN of 84.17% suggests that out of all the occurrences classified as negative
(i.e., predicted to not have the disease) by the model, around 84.17% corresponded to true
negatives. Simply put, within the set of instances that the model predicted as negative, 84.17%

were indeed negative, while the remaining 15.83% were false negatives, indicating instances
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incorrectly labelled as negative despite being positive. Therefore, the model’s predictions for

individuals not diagnosed with the disease were correct about 84.17% of the time.

Recall = 1.69%

Explanation: A recall rate of 1.69% indicates that the model correctly classified only 1.69% of
the positive instances (i.e., actual disease cases). This means that the model failed to identify
98.31% of the true positive cases, resulting in a high rate of false negatives. This shows a

significant deficiency in the model’s ability to detect the presence of the disease.

Specificity = 93.91%

Explanation: A specificity of 93.91% signifies that the model accurately classified 93.91% of
the actual negative instances (individuals without the disease) as negatives. In simpler terms,
the model correctly identified 93.91% of'the negative instances or true non-disease cases in the
dataset while incorrectly classifying 6.09% of the true negatives as positives, resulting in false

positives.

This detailed analysis reveals that while the KNN model has moderate accuracy and high
specificity, it severely lacks in recall, especially in identifying positive cases. This suggests a
crucial area for improvement in the model’s ability to detect the presence of the disease

accurately.

5.2.3 Naive Bayes:

Table 14 : Confusion Matrix of Naive Bayes

ACTUAL VALUES
Test Disease  Disease Total
Result Present  Absent
Positive 0 0 0
PREDICTED
VALUES Negative 118 657 775
Total 118 657 775

Using the data, the third model, Naive Bayes, has the following score on each performance
measure: Accuracy = 84.78%, Precision = 84.77%, Predicted Value Negative (PVN) =
84.77%, Recall = 0.00%, and Specificity = 100.00%.
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Accuracy = 84.78%

Explanation: An accuracy of 84.78% indicates that the Naive Bayes model correctly classified
the presence or absence of disease in 84.78% of the cases within the dataset. Specifically, this
means that 84.78% of the data points were correctly identified by the model, while the

remaining 15.22% were incorrectly classified.

Precision = 84.77%

Explanation: A precision of 84.77% means that among all instances classified as negative (i.e.,
predicted to not have the disease) by the model, approximately 84.77% were true negatives
(i.e., correctly identified healthy cases). Put differently, within the set of instances that the
model identified as negative, 84.77% were indeed negative, while the remaining 15.23% were
false negatives. Thus, the model’s predictions for individuals without the disease were correct

84.77% of the time.

Predicted Value Negative (PVN) = 84.77%

Explanation: A PVN of 84.77% suggests that out of all the occurrences classified as negative
(i.e., predicted to not have the disease) by the model, around 84.77% corresponded to true
negatives. Simply put, within the set of instances that the model predicted as negative, 84.77%
were indeed negative, while the remaining 15.23% were false negatives, indicating instances
incorrectly labelled as negative despite being positive. Therefore, the model’s predictions for

individuals not diagnosed with the disease were correct about 84.77% of the time.

Recall = 0.00%

Explanation: A recall rate of 0.00% indicates that the model failed to classify any positive
instances correctly. In other words, the model did not identify any true positive cases from the
actual positives in the dataset, resulting in a 100% failure rate for detecting positive cases. This
shows a significant deficiency in the model’s ability to capture instances of the disease

presence.

Specificity = 100.00%

Explanation: A specificity of 100.00% signifies that the model accurately classified all actual
negative instances (individuals without the disease) as negatives. In simpler terms, the model
correctly identified 100.00% of the negative instances or true non-disease cases in the dataset.
There were no false positives, meaning the model successfully recognized every situation

where the outcome was negative.
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This detailed analysis reveals that while the Naive Bayes model has high accuracy, precision,
and specificity, it severely lacks in recall, especially in identifying positive cases. This suggests
a crucial area for improvement in the model’s ability to detect the presence of the disease

accurately.

5.2.4 Decision Tree:

Table 15 : Confusion Matrix of Decision Tree

ACTUAL VALUES
Test Disease  Disease Total
Result Present  Absent
Positive 0 0 0
PREDICTED
VALUES Negative 118 657 775
Total 118 657 775

Using the data, the fourth model, Decision Tree, has the following score on each performance
measure: Accuracy = 84.78%, Precision = 84.77%, Predicted Value Negative (PVN) = 84.77%,
Recall = 0.00%, and Specificity = 100.00%.

Accuracy = 84.78%

Explanation: An accuracy of 84.78% indicates that the Decision Tree model correctly classified
the presence or absence of disease in 84.78% of the cases within the dataset. This means that
84.78% of'the data points were correctly identified by the model, while the remaining 15.22%

were incorrectly classified.

Precision =84.77%

Explanation: A precision of 84.77% means that among all instances classified as negative (i.e.,
predicted to not have the disease) by the model, approximately 84.77% were true negatives
(i.e., correctly identified healthy cases). Put differently, within the set of instances that the
model identified as negative, 84.77% were indeed negative, while the remaining 15.23% were

false negatives. Thus, the model’s predictions for individuals without the disease were correct

84.77% of the time.

50



Predicted Value Negative (PVN) = 84.77%

Explanation: A PVN of 84.77% suggests that out of all the occurrences classified as negative
(i.e., predicted to not have the disease) by the model, around 84.77% corresponded to true
negatives. Simply put, within the set of instances that the model predicted as negative, 84.77%
were indeed negative, while the remaining 15.23% were false negatives, indicating instances
incorrectly labeled as negative despite being positive. Therefore, the model’s predictions for

individuals not diagnosed with the disease were correct about 84.77% of the time.

Recall = 0.00%

Explanation: A recall rate of 0.00% indicates that the model failed to classify any positive
instances correctly. In other words, the model did not identify any true positive cases from the
actual positives in the dataset, resulting in a 100% failure rate for detecting positive cases. This
shows a significant deficiency in the model’s ability to capture instances of the disease

presence.

Specificity = 100.00%

Explanation: A specificity of 100.00% signifies that the model accurately classified all actual
negative instances (individuals without the disease) as negatives. In simpler terms, the model
correctly identified 100.00% of the negative instances or true non-disease cases in the dataset.
There were no false positives, meaning the model successfully recognized every situation

where the outcome was negative.

This detailed analysis reveals that while the Decision Tree model has high accuracy, precision,
and specificity, it severely lacks in recall, especially in identifying positive cases. This suggests
a crucial area for improvement in the model’s ability to detect the presence of the disease

accurately.
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5.2.5 Random Forest:

Table 16 : Confusion Matrix of Random Forest

ACTUAL VALUES
Test Disease  Disease Total
Result Present  Absent
Positive 0 0 0
PREDICTED
VALUES Negative 118 657 775
Total 118 657 775

Using the data, the fifth model, Random Forest, has the following score on each performance
measure: Accuracy = 84.78%, Precision = 84.77%, Predicted Value Negative (PVN) = 84.77%,
Recall = 0.00%, and Specificity = 100.00%.

Accuracy = 84.78%

Explanation: An accuracy of 84.78% shows that the Random Forest model correctly classified
the presence or absence of disease in 84.78% of the cases within the dataset. Specifically, this
means 84.78% of the data points were correctly identified by the model, while the remaining

15.22% were incorrectly classified.

Precision = 84.77%

Explanation: A precision of 84.77% means that among all the instances classified as negative
(i.e., predicted to not have disease) by the model, approximately 84.77% of them were true
negatives (i.e., correctly identified healthy cases). Put differently, within the set of instances
that the model identified as negative, 84.77% of them were indeed negative, while the
remaining 15.23% were false negatives, meaning they were mistakenly classified as negative
when they were actually positive. Thus, the model’s predictions for individuals without the

disease were correct 84.77% of the time.

Predicted Value Negative (PVN) = 84.77%

Explanation: A PVN of 84.77% suggests that out of all the occurrences classified as negative
(i.e., predicted to not have disease) by the model, around 84.77% corresponded to true
negatives. Simply put, within the set of instances that the model predicted as negative, 84.77%

were indeed negative, while the remaining 15.23% were false negatives, indicating instances
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incorrectly labelled as negative despite being positive. Therefore, the model’s predictions for

individuals not diagnosed with the disease were correct about 84.77% of the time.

Recall = 0.00%

Explanation: A recall rate of 0.00% indicates that the model failed to classify any positive
instances correctly. In other words, the model did not identify any true positive cases from the
actual positives in the dataset, resulting in a 100% failure rate for detecting positive cases. This
shows a significant deficiency in the model’s ability to capture instances of the disease

presence.

Specificity = 100.00%

Explanation: A specificity of 100.00% signifies that the model accurately classified all actual
negative instances (individuals without the disease) as negatives. In simpler terms, the model
correctly identified 100.00% of the negative instances or true non-disease cases in the dataset.
There were no false positives, meaning the model successfully recognized every situation

where the outcome was negative.

This detailed analysis reveals that while the Random Forest model has high accuracy, precision,
and specificity, it severely lacks in recall, especially in identifying positive cases. This suggests
a crucial area for improvement in the model’s ability to detect the presence of the disease

accurately.

5.3 Comparing the models:

Now, each model is evaluated based on their performance measure scores. The values are
analysed to determine the highest recorded percentage among all the models. The performance
comparison of all classifiers, based on their individual scores, is illustrated below in separate

bar charts.
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Figure 5.1: Accuracy comparison of each model

Based on the bar chart, we can compare the performance of the five machine learning models

in terms of accuracy:

o Highest Accuracy: Random Forest, Naive Bayes, and Logistic Regression (all tied
with 84.78% accuracy).

e Mid-range Accuracy: Decision Tree (with 84.78% accuracy, but with a larger
standard deviation compared to the top three).

e Lowest Accuracy: KNN (with 79.86% accuracy).

Key Observations:

e Three models (Random Forest, Naive Bayes, and Logistic Regression) achieved the
highest accuracy, suggesting they might be good choices for this specific task.

e Decision Tree performed competitively but with slightly higher variability in its
accuracy.

e KNN exhibited the lowest accuracy among the compared models.
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Further Considerations:

e While accuracy is an important metric, it might not be the only deciding factor
depending on the specific problem. Other factors like precision, recall, or computational
efficiency might also be crucial.

e The standard deviation associated with Decision Tree's accuracy suggests potential for

further tuning or hyperparameter optimization.

Overall:

This analysis provides a starting point for selecting the most suitable model based on accuracy.
For a more comprehensive evaluation, additional performance metrics and potentially

exploring hyperparameter tuning for Decision Tree can be recommended.

Comparison of Precision for Different Machine
Learning Models (Simulated Data)

Decision Tree

KMNM

Logistic Regression

Machine Learng Models

Maive Bayes

Random Forest

Precizion (%)

Figure 5.2: Precision comparison of each model

Comparing the precision of all the algorithms, it is found that Naive Bias has the highest
precision score. Logistic Regression scores a little less than Naive Bias. This is followed by
Random Forest and Decision Tree. Once more, KNN scored the lowest.
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Figure 5.3: Predicted value negative comparison of each model

Comparing the PVN of all the algorithms, this time, Naive Bayes, logistic regression, Decision

Tree and Random Forest - all four had similar scores, while KNN had the lowest score.

Comparison of Recall (Negative Class) for Different
Machine Learning Models

Decision Tree

KNN

Logistic Regression

Machine Learning Models

Maive Bayes

Random Forest

=1

20 40 60 20 100

Recall (Negative Class)

Figure 5.4: Recall comparison for each model
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Comparing the recall of all the algorithms, logistic regression naive bayes, and random forest
hit the highest scores, while, KNN and Decision Tree had the second lowest and lowest scores

respectively.

Figure 5.5: Performance comparison of each classifier based on several metrics

Finally, comparing the performance of all the algorithms, exhibits similar performances.
However, regardless of all the other scores, the ideal model is to be selected depending on the
accuracy measure. Thus, having the highest accuracy scores, Random Forest, Naive Bayes, and
Logistic Regression (all tied with 84.78% accuracy) are the best choice for predicting the
likelihood of having asthma in CVD afflicted individuals.
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Chapter 6. Conclusion:

In conclusion, this study aimed to predict the likelihood of asthma in cardiovascular disease
(CVD) patients by employing various machine learning algorithms. The models were built and
evaluated using the RapidMiner tool, and the performance of each was measured through a
series of metrics, including accuracy, precision, predicted value negative (PVN), recall, and
specificity. The Logistic Regression, Naive Bayes, Decision Tree, and Random Forest models
all achieved an identical accuracy of 84.78%, suggesting a robust ability to correctly classify
the presence or absence of asthma in the dataset. Despite this shared accuracy, the models
exhibited varying strengths and weaknesses in other performance measures. For instance,
Logistic Regression, Naive Bayes, and Random Forest demonstrated perfect specificity,
accurately identifying all negative cases. However, these models, along with Decision Tree,

showed significant deficiencies in recall, indicating a failure to identify any true positive cases.

The K-Nearest Neighbour (KNN) model, while achieving the lowest accuracy at 79.86%, also
exhibited moderate precision and PVN. However, similar to the other models, KNN had a
notably low recall rate, further emphasizing the challenge in correctly identifying positive
instances of asthma. From a precision perspective, Naive Bayes outperformed the other models
slightly, followed by Logistic Regression, Random Forest, and Decision Tree, with KNN
scoring the lowest. The PVN scores were consistent among Naive Bayes, Logistic Regression,
Decision Tree, and Random Forest, reinforcing their reliability in predicting negative cases
accurately. Overall, the comparative analysis highlights that while accuracy is a critical metric,
it is not the sole determinant of a model's effectiveness. Precision, recall, and other measures
must also be considered. Despite the high accuracy shared by Logistic Regression, Naive
Bayes, Decision Tree, and Random Forest, their inability to identify positive cases underscores
a crucial area for improvement. Therefore, further enhancements and potential hyperparameter
tuning are recommended, especially for models like Decision Tree, which showed greater

variability.

In a nutshell, Random Forest, Naive Bayes, and Logistic Regression emerge as the top models
for predicting asthma in CVD patients due to their high accuracy. However, the need for
improved recall rates suggests that additional refinements are necessary to enhance their
predictive capabilities further. This study provides a foundational framework for selecting
suitable models, emphasizing the importance of a comprehensive evaluation across multiple

performance metrics to ensure the most effective and reliable predictions in clinical settings.
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