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ABSTRACT 

Background: The ability to diagnose myocardial infarction at a relatively early stage is considered to be highly 

important with the aim of increasing patient survival rate, especially in conditions of increased risk. The existing 

risk assessment models are somewhat misleading in terms of predictive validity. 

Objective: This study evaluates the ability of the various machine learning models in the prediction of MI with 

especial emphasis on the neural networks’ performance as well as the comparison with the other traditional and 

other types of sophisticated models. 

Methods: A cross-sectional study was conducted to collect the data from Electronic Health Records (EHRs) of the 

high-risk patients. The machine learning algorithms chosen were logistic regression, random forest, gradient 

boosting machines, and neural networks. The outcomes were measured in terms of accuracy, sensitivity, specificity 

and Area under the curve of the receiver operating characteristic (AUC-ROC). 

Results: Thus, as it can be seen, the neural networks proved to be the most effective as they have the highest 

accuracy (91.3%) and AUC-ROC of (0.95). These models have shown better predictive accuracy compared with 

other techniques and most of the other forms of the machine learning models. 

Conclusion: Neural networks improve the early identification of MI in high-risk groups adding potential betterment 

in clinical prognosis. These new models are still not implemented in everyday clinical practice, and their integration 

could revolutionise patient management, providing earlier and better-targeted treatments. 

Keywords: 

Hypertension ,Myocardial infarction, neural networks, predictive analytics, cardiovascular disease, risk assessment, 
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INTRODUCTION 

Acute myocardial infarction (AMI) or 

commonly called a heart attack, is one of the 

leading health issues worldwide affecting a 

significant population causing considerable 

morbidity and mortality yearly[1]. This is a 

condition that is usually caused by a reduced 

blood supply to some of the heart muscles, and 

if not addressed early it can cause severe heart 

complications or even death. It is in such 

population groups that the incidence of MI is 

most probable given the presence of risk factors 

such as hypertension, diabetes, obesity and 

Hyperlipidemia[2]. There are many clinical risk 

prediction equations that are used to predict the 

risk for developing MI such as the Framingham 

Risk Score. However, these tools are less 

sensitive and specific at times which may not be 

favourable for the clinicians in making the right 

decision[3].The machine learning (ML) models 

have been introduced as a powerful weapon to 

turn the large amount of clinical data into useful 

information in the age of big data and 

analytics[4]. Compared to the conventional 

statistical techniques that often relies on 

distributional assumptions and linearity of 

relationship, present day ML techniques are 

capable of modelling these inherent non-linear 

relationships in clinical data more flexibly. This 

is because ML has the capability of identifying 

patterns within the data that are not easily 

discernible by human beings or by conventional 

approaches to analysing data, which improves 

the accuracy of the prediction of important 

clinical events such as MI[5]. Hence, it is very 

important to emphasize the role of early 

diagnosis in managing myocardial infarction. 

Timely identification and diagnosis is not only 

lifesaving but also significantly reduces the cost 

of treating cardiovascular diseases, the cost of 

subsequent heart surgeries, and the need for 

lengthy cardiac rehabilitation. Over the last few 

years, the advancement of technology 

especially in the medical field has been  

 

 

 

identified to have the capability to transform the 

health sector by offering better diagnostic 

equipment and predictive models[6, 7].These 

innovations use artificial intelligence and 

machine learning to handle the large amount of 

information that is created in contemporary 

medical practice, encompassing EHRs, and 

biometrics data collected in real-time[8]. These 

advancements are making way for 

individualized treatment plans that take into 

account each patient’s risk profile and the best 

time and manner in which to commence 

treatment plans. By identifying the conditions 

such as myocardial infarction in its early stages 

through the advanced ML approaches, the 

researchers and clinicians can boost the 

accuracy of medical treatments, which in turn 

have a positive impact on the patient’s quality 

of life as well as the global pressures on the 

healthcare systems[9, 10].The current study 

aimed at assessing and comparing the 

performances of different ML models, such as 

logistic regression, random forest, gradient 

boosting machines, and neural networks, in 

identifying the early signs of myocardial 

infarction in high-risk patients[11]. Through the 

application of these analytical techniques to 

EHRs, this study identified the models that 

yield the best sensitivity and specificity, and 

consequently, serve as a reference point for 

integrating ML into clinical practice to enhance 

patients’ outcomes in acute cardiac care[12, 

13]. 

MATERIALS AND METHODS 

Study Design:  

This research was conducted as a cross-

sectional study with the aim of evaluating the 

efficiency of different machine learning 

algorithms in the early identification of subjects 

at high risk of myocardial infarction due to the 

presence of pre-existing cardiovascular 

diseases.  
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Population and Sampling:  

This study population targeted adults aged 40 

years and above who attended a large medical 

centre from January 2023 to May 2024 at 
Ghurki trust & teaching hospital Lahore. 

Individuals were classified as high-risk based 

on the presence of one or more of the following 

risk factors: hypertension, diabetes, 

Hyperlipidemia, or the use of tobacco products 

in any form. 

Inclusion Criteria:  

Individuals from the age group of 40 and above, 

who have one or more of the risk factors for 

myocardial infarction. 

Exclusion Criteria:  

Additional exclusion criteria included history 

of myocardial infarction to ensure that the 

model can predict only first-time events. In the 

same regard, those patients with missing 

medical record or missing diagnostic 

information were also omitted. 

Data Collection:  

Information was retrieved from the hospital’s 

electronic health record system that 

encompassed patients’ demographics, 

comprehensive clinical histories, laboratory 

data, prescribed medications, and other imaging 

findings. Covariates including age, gender, 

BMI, cholesterol, and cardiovascular risk 

factors were masked and made uniform in 

format to enhance comparability of data in the 

study. 

Statistical Models and Analysis:  

To conduct the data analysis, four advanced 

statistical models were used: 

Logistic Regression:  

It served as a standard form of comparison since 

it was a conventional statistical analysis 

technique. 

Random Forest and Gradient Boosting 

Machines (GBM):  

These ensemble methods were selected based 

on the fact that they can work with large 

datasets and are flexible when it comes to the 

handling of non-linear relationships or 

interactions between the variables. 

Neural Networks: Used for their ability to 

identify patterns which is particularly relevant 

with big and complicated data. 

The data collected was split into training set 

where the models were trained with 70% of the 

data and a test set which contained the 

remaining 30% of the data to assess the 

performance of the models. The measures used 

to assess the performance of the model was 

accuracy, sensitivity, specificity and the AUC- 

ROC. To avoid overfitting and ensure that the 

models are reliable, cross-validation was used 

as a measure of testing. 

Ethical Considerations:  

Ethical clearance to conduct the current study 

was sought from the ethical committee of 

Lahore University of Biological & Applied 

Sciences (UBAS) a project of Lahore medical 

& dental college (LMDC), Pakistan, Ethical 

approval letter ref no. 2024/39B. All data 

collected in this study were managed adhering 

to the principles of HIPAA to maintain patients’ 

anonymity and protection of their information.  

RESULTS 

The participants are mainly composed of 

elderly people, and the age range of the 

participants averages around 65 years. Mean 

duration of the disease was 4 years (SD 10. 3 

years), while the median age of the patients was 

66 years, with a range of 59-72 years (IQR). 

Such an age distribution is rather characteristic 

for the studies covering myocardial infarction, 

as the risk of the disease increases with age. 

Male subjects account for 60% of the study 

participants, which can be considered a good 

representation, as myocardial infarction is 

known to affect males more frequently than 

females. With regards to self-reported health 

status indicators, 45 percent of the participants 

reported that they have hypertension, 25 

percent said they have diabetes, and 30 percent 

stated that they are current smokers, all of 

which are modifiable risk factors for 

cardiovascular disease in this sample. Another 
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essential element is cholesterol levels, and the 

mean cholesterol level has been noted as 210. 

Average concentration was estimated to be 4 

mg/dL (standard deviation of 35. 7 mg/dL), 

while the median was at 208 mg/dL, ranging 

from 180 to 240 mg/dL in the interquartile 

range. Mean BMI is 27 which is indicative of 

overweight category. Mean BMI was 29. 3 ± 4. 

2, with the median being 27, and the IQR being 

between 25 and 30. These values present the 

demographic data of the subjects in the study, 

which is crucial in assessing the overall health 

status and potential predisposing factors of the 

participants. 

Table 1: Descriptive Statistics of Study Population 

Variable Mean (SD) Median (IQR) Frequency (%) 

Age 65.4 (10.3) 66 (59-72) - 

Gender (Male) - - 60% 

Hypertension - - 45% 

Diabetes - - 25% 

Smoking Status (Current) - - 30% 

Cholesterol Levels (mg/dL) 210.4 (35.7) 208 (180-240) - 

BMI (kg/m²) 27.3 (4.2) 27 (25-30) - 

Predictive Model Performance 

To predict the occurrence of myocardial 

infarction in high-risk populations, the 

following statistical models were employed in 

the study, and their respective performance 

metrics are presented in Table 2. Finally, the 

accuracy score of the Logistic Regression 

model was 85. 4 percent, and the sensitivity and 

specificity values were 82 percent. 1% and 87. 

0. 624 for AUC-ROC, which was expected to 

be 0. 6%, 6%, and 0. 88 to which other models 

with more parameters can be compared. The 

Random Forest model performed slightly 

better: the accuracy of the model was 89%. 2%, 

sensitivity of 85. 7%, specificity of 90. The 

sensitivity of the model was 92%, the 

specificity 94%, the accuracy 90%, and the 

AUC-ROC was 0. 92, which was a higher value 

than before, suggesting that the model had a 

better ability to classify the patients who would 

or would not have a myocardial event. The  

 

Gradient Boosting Machine (GBM) brought 

even more improvements with the accuracy of 

90. 5%, sensitivity of 88. 3%, specificity of 91. 

The percentage of patients with progression-

free survival of more than 12 months was 46%, 

the median time to progression was 6. 94, which 

indicates its capacity to control overfitting and 

underfitting well as well as. Finally, the model 

Neural Networks gave the best results by 

having the highest accuracy of 91. 3% and the 

specificity of the test was 89. 0%, specificity of 

92. 1% and an AUC-ROC of 0. 95, which 

proves that it is better for representing complex 

interaction and pattern in data than other 

algorithms. The above findings show the 

effectiveness of the various forms of the 

classification models in clinical use with neural 

network being the most promising in the early 

diagnosis of myocardial infarction in high-risk 

patients 

 

Table 2: Performance Metrics of Predictive Models 

Model Accuracy (%) Sensitivity (%) Specificity (%) AUC-ROC 

Logistic Regression 85.4 82.1 87.6 0.88 

Random Forest 89.2 85.7 90.8 0.92 

Gradient Boosting Machine 90.5 88.3 91.5 0.94 

Neural Networks 91.3 89.0 92.1 0.95 
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ROC Curves: 

This ROC curve graphically illustrates the 

performance of four predictive models: The 

following algorithms adopted in the study 

includes Logistic Regression, Random Forest, 

Gradient Boosting Machine and Neural 

Networks for identifying myocardial infarction 

among high risk populations. The efficiency of 

each model is plotted as a point on the curve and 

their AUC-ROC values are the areas under the 

curve. The higher the AUC value, the better the  

 

model performance of the classifier. The Neural 

Networks model in the purple plot seems to 

have the highest sensitivity and specificity, 

which indicates that it has a higher capability of 

predicting the possibility of myocardial 

infarction as compared to the other models. The 

red dashed line denotes the random baseline, 

further emphasizing the enhanced ability to 

forecast as a result of these sophisticated 

analytical methodologies. 

 

Figure 1: ROC Curves of Predictive Models 

From the results we get the following 

conclusions: the neural networks are the most 

effective in the prognosis of myocardial 

infarction in high-risk population, the level of 

accuracy is 91. 3% and the AUC-ROC was 0. 

95. These models are far better than 

conventional methods including logistic 

regression as well as other complex machine 

learning algorithms like random forests and 

gradient boosting machines in terms of both 

accuracy and robustness. The results suggest 

the necessity of the continuation of the study on 

the usage of neural networks to support the 

early diagnosis and treatment of myocardial 

infarction for increasing the quality of life of the 

patients with a high risk of the disease. 

DISCUSSION 

From the findings of present study, it 

contributes to the understanding of the high-risk 

population’s early-stage myocardial infarction 

prognosis by using machine learning models. 

The high accuracy and AUC-ROC values are 

confirmed in other works that studied the 

efficiency of using complex computational 

algorithms in the clinical context[14]. In fact, 

the level of accuracy achieved by the present 

neural networks is in agreement with the 

findings of other studies, such as the one 

conducted by Weng et al. (2017) who asserted 

that machine learning is superior to traditional 

statistical techniques for cardiovascular event 
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risk prediction, including the Framingham Risk 

Score[15]. 

From logistic regression and random forest to 

gradient boosting machines and neural 

networks, there has been a major shift in the 

way data is utilized in medical prognosis. This 

shift is significant especially in cardiology, 

where the amount and density of data that 

accrue to patients can overwhelm typical 

modelling approaches[16]. Neural networks’ 

ability to learn and recognize multivariate and 

complex data patterns make them suitable for 

identifying small but significant features of the 

patient’s data that point to myocardial 

infarction, which is not easily achievable using 

simpler models[17, 18]. In addition to that, we 

within our study provide the comparative 

analysis that not only reaffirms the 

effectiveness of the neural networks but also 

underlines the applicability of these 

technologies. Using such models in clinical 

care can enable the clinicians to identify the 

high-risk patients and intervene early enough, 

which is important in enhancing the outcomes 

of patients with myocardial infarction[19]. 

These models also present a move toward 

greater precision in the health care delivery as 

treatment options are developed in relation to 

the patient’s data characteristics, making it 

more effective and efficient[20].However, it is 

important to discuss the problems and 

shortcomings that have been identified in the 

research presented in this paper. However, 

cross-sectional studies are useful for making 

causal inferences and estimating long-term 

effects[21]. This limitation further indicates 

that there is a need for more longitudinal studies 

that will provide empirical evidence on the 

ability of these models to predict the outcomes 

in the future. Furthermore, it is also important 

to note that despite the benefits offered by 

neural networks, there are certain issues that are 

encountered in their application in clinical 

practice[22]. These consist of the requirement 

of large computational power to train the 

models and also the model’s tendency to overfit 

which must be addressed through model tuning 

and testing on separate datasets. In reconciling 

these findings with previous research, it is clear 

that while machine learning holds the promise 

of revolutionizing healthcare, the practical 

realization of this potential will not just involve 

technical solutions but also a learning 

framework[23, 24]. The next steps in the 

research should therefore involve not only the 

development of these models but also 

development of systems that can incorporate 

these complex analytical tools into daily 

clinical practice thus making it possible to 

deliver the best treatment to all patients 

regardless of the advancement made in the field 

of medicine[25]. 

CONCLUSION 

This research therefore establishes that the use 

of neural networks yields a far higher accuracy 

in the prediction of myocardial infarction in 

high-risk patients than traditional statistical 

techniques. Neural networks, given their higher 

precision and ability to work with large 

amounts of data, can become a key tool in early 

diagnosis and treatment of heart diseases, 

which can significantly improve outcomes. The 

healthcare industry is shifting toward more 

evidence-based practices and incorporating 

such sophisticated machine learning algorithms 

is crucial. These gaps require future research to 

address and streamline the computational load, 

as well as to raise awareness on the proper use 

of such technologies to optimise patient care. 
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