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Abstract

With rising yearly death rates, cardiovascular disease (CVD) continues to be a major global health
concern. Effective prevention and management of risk factors depend on an understanding of how
they interact. Predicting the primary causes of heart disorders, examining the impact of each of these
elements, and organizing them according to model choice and classification capabilities were the
objectives of this work. To forecast the probability of CVD, a logistic regression model was created.
The parameters impacting infection risk were characterized using descriptive analysis. Data were
collected from 82 patients at Benghazi Cardiac Centre, comprising 41 infected patients and 4 1 control
subjects selected using the Stephan Thompson Equation. Binary logistic regression analysis,
conducted using SPSS 23, identified four significant predictors of cardiac infection: diabetes, BMI,
cholesterol level, and blood pressure. The model demonstrated an 89% accuracy in classifying
patients. Further research is recommended to investigate the impact of additional factors on cardiac
infection risk in this population.
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Introduction

A major global health burden is posed by cardiovascular disease (CVD). The World Health Organization
(WHO) estimates that cardiovascular disease (CVD) caused 17.9 million deaths in 2016, accounting for
almost 30% of all fatalities worldwide [1]. With treatment expenses accounting for about 4% of yearly
healthcare budgets, the high mortality rate nearly 55% of those with heart disease die within three years of
being diagnosed highlights the condition's substantial human and financial effect [2]. The effectiveness of
good lifestyle choices in preventing and controlling heart disease has been shown in numerous research [3].
Thus, it is essential to recognize and comprehend the risk factors linked to this condition in order to create
and carry out efficient treatment and preventive measures. Regarding studies on cardiac disease, the binary
A particular type of regression analysis in which the outcome variable is divided into two or more categories
is called logistic regression analysis. In many cases, the link between the independent variables and the
response variable is not sufficiently clarified by the traditional regression method [4].

The binary logistic regression model, also known as the logit model, is the most prevalent type of analysis
where the response variable has only two possible values. Nonetheless, the technique can also be expanded
when there are three or more types of dependent variables, such as polychromous or multinomial. Like any
other regression model, the use of logistic regression can primarily be categorized into two groups based on
the research inquiry: either identifying the relationship between dependent and independent variables or
developing a predictive model that aids in forecasting [5, 6]. This study sought to predict the primary causes
of heart disease by employing binary logistic regression models to examine the impact of each of these factors
and to group them according to the model's preference and classification and differentiation capabilities.

Methods

Study design and setting

A prospective cross-sectional study design was used in this investigation. The Benghazi Cardiac Center's
medical records were examined in order to gather the data. The time frame for inclusion was January 2023—
April 2023.

Data collection

The Benghazi Cardiac Center in Libya, a trustworthy source, provided the data for the 82 cases. There were
41 cases, or patients with heart disease, and 41 controls, or persons with just chest pain. There was one
goal variable and five parameters in the dataset. A binary class label, with "1" denoting the presence of heart
disease and "0" denoting its absence, was used to represent the target variable, which was the patient's
presence of heart disease. Furthermore, the current study only included gender, diabetes, and Body mass
index (BMI), Systolic Blood Pressure (SBP) and Cholesterol level among subjects.
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Data analysis

Two statistical analyses have been used to identify and evaluate the risk factors for heart disease.
Exploratory Data Analysis (EDA) was conducted to obtain a more profound comprehension of the data and
its characteristics. The EDA process involved descriptive statistics and the logistic regression analysis
utilized to evaluate above parameters.

Results and discussion

Descriptive statistics

Table 1 illustrated general characteristics of the total sample. Data shows the distribution of genders in a
sample of 82 instances. Females were represented by 52.4% and males 47.6% of the total sample.
Distribution of cholesterol levels was classified among cases. This data suggests that a majority of
individuals in the sample (69.5%) have normal cholesterol levels, while a smaller proportion (30.5%) have
high cholesterol levels. Presence of diabetes of total cases was determined.

The results indicate that 44 individuals (53.7%) in the sample are diabetic, while 38 individuals (46.3%) are
non-diabetic. This suggests that diabetes is a relatively common condition within this particular group.
Distribution of blood pressure among cases, which shows the distribution of systolic blood pressure (SBP)
in a sample of 82 individuals. The data indicates that 32 individuals (39%) have diseased systolic blood
pressure, while 50 individuals (61%) have non-diseased systolic blood pressure. This suggests that a higher
proportion of individuals in this sample have non-diseased SBP compared to those with diseased SBP.
Another parameter that was also noticed is the distribution of body mass index (BMI) of total cases. The
majority of individuals in the sample (63.4%) have a healthy weight, while a significant number (15.9%) are
overweight and another 15.9% are obese. Only a small proportion (4.9%) are underweight. This suggests
that a considerable portion of this population may be at risk for health problems associated with overweight
and obesity.

Table 1. General characteristic of total sample.

General characteristics Frequency | Percentage |
Gender

Female 43 52.4

Male 39 47.6
Total 82 100.0

Cholesterol levels

Normal 57 69.5

High 25 30.5
Total 82 100.0

Presence of diabetic
Non diabetic 38 46.3
Diabetic 44 53.7
Total 82 100.0
Systolic blood pressure (SBP)

Diseased 32 39.0

Non diseased 50 61.0
Total 82 100.0

Body Mass Index (BMI)

Underweight 4 4.9
Healthy weight 52 63.4
Overweight 13 15.9
Obesity 13 15.9

Logistic regression analysis results

Before performing the binary logistic regression analysis, the multicollinearity of the independent variables
was investigated by the variance inflation factor (VIF) for less than 10 and tolerance value greater than 0.1.
Therefore, multicollinearity was undetected among the independent variables because the VIF was less than
10 as well as the values of tolerance for the predictors were all greater than 0.1. As a result, all of our
independent variables could be used to fit the binary logistic model. Tables 2 revealed the VIF and tolerance
for various predictor variables.
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Table 2. Checking for multicollinearity problems by Variance Inflation Factor (VIF).

Collinearity Statistics
Model Tolerance VIF
Cholesterol level .699 1.431
Diabetes .719 1.390
Blood pressure 791 1.265
gender .980 1.021
BMI .888 1.126

Table 3 presents two statistical measures used to assess the fit of a logistic regression model. the Cox &
Snell R Square and the Nagelkerke R Square. The Cox & Snell R Square value of .560 indicates that the
model explains 56% of the variance in the dependent variable. The Nagelkerke R Square, which adjusts the
Cox & Snell R Square, has a value of .746, suggesting that the model explains a substantial proportion of
the variance.
Table 3. Goodness-of-fit Coefficients
Cox & Snell R Square Nagelkerke R Square
.560 .746

The calculated coefficients, their S.E., and the Wald test for the entire model were displayed in Table 4. The
table's data showed that the following factors were significant: BMI (p-value = 0.010 < 0.05), diabetes (p-
value = 0.009 < 0.05), cholesterol (p-value = 0.004 < 0.05), and SBP (p-value = 0.007 < 0.05). On the other
hand, the variables that were statistically insignificant were gender (p-value = 0.758 > 0.05).

According to the odds ratio for cholesterol level. An odds ratio of 31.054 indicates that individuals with high
cholesterol are significantly more likely to develop heart disease compared to those with normal cholesterol
levels. Compared to people with normal cholesterol levels, those with high cholesterol have a much higher
risk of developing heart disease, as indicated by an odds ratio of 31.054. Additionally, the odds ratio for
diabetes is 7.926, indicating that those with diabetes are significantly more likely to have heart disease than
people without the disease. Furthermore, SBP shows that those with high blood pressure have a much
higher risk of developing heart disease than people with normal blood pressure, with an odds ratio of 10.274.
Males are also less likely than girls to acquire heart disease, according to an odds ratio of 0.786. Lastly, a
3.607 odds ratio shows that people with higher BMIs had a larger chance of developing heart disease than
to those with lower BMI.

Table 4. Summarized results for the full model

Variables B S.E. Wald df Sig. Exp(B)
Cholesterol 3.436 1.207 8.097 1 .004 31.054
Diabetes 2.070 792 6.840 1 .009 7.926
Blood pressure 2.330 .856 7.402 1 .007 10.274
Gender -.241 .782 .095 1 .758 .786
BMI 1.283 .497 6.664 1 .010 3.607
Constant -8.562 2.186 15.346 1 .000 .000

Table 5 displays the performance of a classification model in predicting heart disease. The matrix compares
the model's predicted outcomes (heart disease or non-diseased) against the actual observed outcomes. The
diagonal elements (37 and 36) represent correct predictions, while the off-diagonal elements (4 and 5)
represent incorrect predictions. The "Percentage Correct" column shows the accuracy of the model for each
category and overall. With an overall accuracy of 89%, the model demonstrates a relatively high level of
accuracy in predicting heart disease.

Table 5. Confusion Matrix

Predicted
Observed Heart Disease Correct
Non- Diseased Diseased Percentage
Heart Disease Non diseased 37 4 90.2
Diseased S 36 87.8
Overall Percentage 89.0

Discussion

The results of this study, which used binary logistic regression models to predict the risk factors for heart
disease, indicate that the most significant factors in defining CVD are systolic blood pressure (SBP),
cholesterol, the presence of diabetes, and BMI since the p-value is significantly less than 0.05. Backward
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and forward-backward selection results, however, indicate that every risk factor examined aside from gender
has a substantial correlation with CVD. the potential to build an appropriate model that describes the most
significant explanatory factors for the development of heart disease based on the data. Blood pressure, body
mass index, diabetes, and cholesterol all have very significant effects, which is consistent with medical
advice [7, 8]. There is no significant effect of the gender variable on the development of gender [9]. An odds
ratio was employed to make a statistical analysis of the relationship between gender, SBP, cholesterol,
presence of diabetic and BMI and cardiovascular disease.

It can be found that, if all other predictor variables are held constant, the odds of getting CVD occurring
increased by increasing SBP, cholesterol, presence of diabetic and BMI. These observations were in
agreement with another studied found that age, height, weight, systolic blood pressure, diastolic blood
pressure, cholesterol, glucose, smoke, alcohol intake, and physical activity are the most important factor in
determining CVD [10, 11]. In a prior work, binary logistic regression and decision tree induction were tested
for predicting CVD risk. Additionally, the findings indicate that systolic blood pressure, age, weight,
cholesterol, and other factors are linked to the development of CVD [12], which is quite in line with the
findings of the present investigation.

BMI is useful in preventing CVD, according to current research. But because this factor is not well
understood. Therefore, it is unable to gather sufficient data to recommend to patients the right amount of
exercise to accomplish the goal of preventing CVD. The generalization of these findings has various
drawbacks notwithstanding its benefits and contributions. First off, the suggested model leaves out
important societal factors that can contribute to heart disease, like socioeconomic position and current
smoking status, as well as patient medical data. To improve the quality of the data and validate the findings,
more research could expand this study by include new clinical, demographic, and social variables.

Conclusion

The most significant findings from the statistical analysis and its indicators applied to the study sample are
cholesterol level, diabetes, blood pressure, and body mass index variables. Results recommend continuing
statistical research on the disease due to its prevalence and severity in order to better understand it and
find effective solutions to reduce and treat it. It also recommends conducting statistical research on the
impact of other contributing factors such as genetic factors, sudden shocks, psychological state, and other
factors not addressed in this study. Raising public awareness by activating the role of the media in informing
people about the risks associated with disease and the importance of adopting appropriate diets and
engaging in physical activities.
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