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Abstract— Patients often experience post COVID-19 syndrome with varied symptoms which
can continue long-term cardiovascular complications. This research work proposes to focus on
the consequence of Post Covid-19 infection on cardiovascular health using Artificial Intelligence
(AI) models. Dataset has been collected by the researcher from hospital for early-stage
prediction of Post Covid-19 cardiovascular diseases. The said dataset is assessed to detect risk
factors and predict cardiovascular outcomes. Understanding the Post COVID-19 effect on
different cardiovascular disease types is important for early detection, long term monitoring
and predictive modelling. This study proposes to use Artificial Intelligence models to predict
Cardiovascular risk in Post Covid-19 patients. Most contributing features were recognized such
as inflammatory biomarkers, hemoglobin, heart rate, BMI and family history contributing to
Post Covid-19 cardiovascular abnormalities. The analysis shows that Recurrent Neural
Network attains best predictive results as compared to other machine learning models. The
findings suggest that deep learning predictive models give an edge in enhancing early diagnosis
of Covid-19 cardiovascular complications.

Index Terms— Cardiovascular disease, Deep Learning, Artificial Intelligence, Machine
Learning, Recurrent Neural Network, Risk Prediction.

1. INTRODUCTION

SARS-CoV-2 virus that is COVID-19 has affected the respiratory system and in addition affected multiple long-
term complications across organ systems. Amongst several long-lasting complications post COVID-19,
cardiovascular disease is observed as the most common between survivors of COVID-19. It is much difficult to
know common reason for developing cardiovascular disease and its risks after contracting COVID-19[1].
Problems with difficulties, significantly affect the heart which an essential organ that circulates blood throughout
the body. Cardiovascular disease was already a major source of death in underdeveloped nations, especially for
younger people, but COVID-19 has made it worse. In response, health care providers are investigating novel
diagnostic methods of CVD prediction after Covid-19. Increasing incidences throws light on the link in-between
cardiovascular diseases (CVD) and COVID-19. This raises the concerns for long-term health risks to those who
are recovering from the viral effects [2].

Current medical studies have reported that a substantial number of recovered COVID-19 patients experience
cardiovascular problems, including Myocardial Infraction (MI), Hypertension, Heart Failure, Arrhythmia,
Stroke, Coronary heart disease, Thrombosis [3]. These heart problems after COVID-19 happen because the body
is still healing even after the virus is gone.
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Many people continue to have inflammation, mild damage to blood vessels, changes in the immune system and a
higher chance of blood clotting. Blood tests like D-dimer, troponin, ferritin and CRP often stay higher than
normal. When the levels stay high, the body is stressed and this can cause heart problems. Regular clinical test is
often insufficient to identify early risk indicators.

Artificial Intelligence has come up as influential tool for medical diagnosis, prediction and pattern recognition.
Machine learning and deep learning models can handle large medical datasets and identify hidden association
among clinical variables. These models enable accurate prediction of post COVID cardiovascular disease [4].
Al-driven approaches support early disease detection, risk stratification and outcome prediction. They use
clinical variables, demographic information and inflammatory biomarkers. Traditional ML algorithms like Naive
Bayes, KNN, and SVM are extensively utilized in classification of diseases. Deep learning models like RNN are
useful in gathering temporal patterns of healthcare data.

For learning multiple AI models to predict CVD risks in post COVID patients, statistical and Al techniques are
used. This identifies important clinical factors linked to progression of disease. This stresses the importance of
improved diagnostic and predictive approach. Results shows that in post COVID-19 patients, deep learning
model early identifies CVD complications and its recovery.

II. PRIMARY OBJECTIVES

» To study post-COVID-19 issues linked to health problems.

» To analyze how much health factors have been affected in post-COVID-19 individuals and their association
with each other.

» To determine key clinical features and inflammatory biomarkers that contribute significantly to
cardiovascular risk after COVID -19 infection.

» To develop and evaluate Al-based ML and DL models for classifying and predicting post-COVID
cardiovascular complication.

» To design a predictive framework that can assist clinicians in early detection and decision making for post-
COVID cardiovascular health.

III. LITERATURE REVIEW

There are many research studies showing that people often develop heart related problems after recovering form
COVID-19. The most commonly reported issues include myocarditis, arrythmias, blood clots and high blood
pressure. Several studies also highlight that inflammation continues even after recovery and important
biomarkers such ad D-dimer, troponin, ferritin and CRP often remain high, increasing the risk of cardiovascular
complications. Previous studies highlight the following evidence:

Mumtaz et al. [5] reported that patients of COVID-19 often have elevated inflammatory markers such as IL-6,
ferritin, D-dimer and CRP. These increased markers are closely linked to heart injury both during and after the
infection. The study found that patients with stronger inflammatory responses were more likely to develop heart
problems like myocarditis and heart failure. The author concluded that tracking inflammatory biomarkers can
help identify patients who are at greater risk of cardiovascular complication.

Alonso Dominguez et al. [6] used XGBoost to forecast long term COVID-19 from primary medical and
laboratory data. Key factors included hemoglobin, oxygen saturation, CRP, APTT, sodium, ling infiltrates and
sex with hemoglobin being statistically significant. Moderate accuracy of 63.9% and AUC-ROC of 0.732 was
achieved by the model but 78.6% of high recall showed its potential for early detection of high-risk patients.
Naushad et al. [7] assesses Artificial Intelligence use in cardiovascular health after COVID-19. COVID-19
increased heart problems like myocarditis, arrythmias and blood clots, AI helps predict risks, analyze
biomarkers, imaging and support remote monitoring. It can improve public health and guide treatment for post
COVID patients.

Hovornyan et al. [8] studied 328 COVID-19 patients to assess long term heart complications and developed an
Al model for risk prediction. Key predictors included D-dimer, CRP and neutrophil/lymphocyte ratio. The model
achieved ROC-AUC 0.891, sensitivity 92.4%, specificity 90.1 and 87.2% accuracy for predicting post-COVID
cardiovascular events.

Gupta et al. [9] proposed a stacking ensembled based ML model to predict difficulties in post-COVID-19
clinical data. The model combined multiple classifiers and outperformed individual methods such as SVM,
decision tree and random forest. It achieved accuracy of 93.23%, specificity of 95.74%, recall of 92.05%, and
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precision of 95.24%. The results show the effectiveness of ensemble learning for predicting post-COVID
complication.

Islam et al. [10] studied post-COVID-19 health effects using machine learning techniques on survey data from
recovered patients in Bangalesh. The analysis focused on demographic, physiological and neurological factors
like age, sleep patterns, gender, anxiety and memory. Statistical test confirmed significant relationships among
these variables. Among the evaluated models, the Decision tree achieved the best performance and effectively
identified key features using Gini index, information gain and SHAP methods.

Juliet et al. [11] developed a decision-making system using reinforcement learning to predict cardiovascular
disease in long COVID patients. The model assesses data of each patient and provides personalized risk
assessment. With high sensitivity and specificity, it achieved accuracy of 97.88%.

Yousif et al. [12] predicted cardiovascular complications in 352 post-COVID patients from Iraq by using
machine learning algorithm. They observed demographics, clinical data, inflammatory markers and imaging.
The model early identified high risk patients for timely intervention with high accuracy, sensitivity and
specificity.

Khan et al. [13] studied ECG images for heart effects using a hybrid efficient NET-DBN in post-COVID
patients. Level one classified ECG as normal or abnormal and level two classified as myocardial infarction or
COVID related issues. The model showed good performance in detecting heart problems after COVID-19 with
94.70% sensitivity, 91.80% specificity and 89.80% accuracy.

Bhushan Shah et al. [14] studied heart problems in COVID-19 affected patients. In 120 healthy people and 92
recovered patients, they studied heart rate variability (HRV) using short-term ECG. This model found HRV as
the main feature to distinguish healthy and heart patients.

IV. MATERIALS AND METHODS

This research investigates the outcome of post COVID-19 conditions on CVD. The data was pre-processed and
models were prepared to recognize risk factors and assess its prediction performance.

This section defines the methods used to comparative analysis of RNN with traditional machine learning
algorithms for prediction of cardiovascular disease. Standard classification models were used such as Naive
Bayes, KNN and SVM as a base model. Figure 1. shows the proposed methodology for predicting cardiovascular
diseases. The steps are as follows —

Data Collection
(Post-COVID Patient Data)

.

Data Preprocessing
(Missing values,Normalization, Encoding)

|

Features Selection
(Mutual Information)
Select top important clinical features

!

Model Development
Naive Bayes
K-Nearest Neighbor(KNN)
Support Vector Machine(SVM)
Recurrent Neural Network(RNN)

!

Model Evaluation
RNN:97% Accuracy

!

Clinical Decision Support
(Early diagnosis of CVD risk)

Figure 1. Structure of Proposed Model
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A. Data Collection

The aim of this study is to study CVD in post COVID-19 patients keeping their data private. The study uses an

observational design by combining self-generated synthetic data and hospital data. Hospital records of post

COVID-19 patients were collected for data collection. All personal information was removed, and the data were

anonymized to protect patient privacy. Synthetic data were generated to increase size and balance the

distribution of cardiovascular outcomes. This research studied total 1,384 post-COVID male and female patients

from young to old. The final dataset includes only safe, non-identifiable information.

The dataset includes:

» Demographic (Age, Gender)

» Clinical (Height, Weight, BMI, FBS, Sys BP, Dia BP, Diabetes, Total Cholesterol, Thyroid, ECG,
Chest_Pain, Max_Heart Rate)

» Lifestyle (Alcohol, Smoking)

» Laboratory (Hemoglobin, CRP, IL6, Ddimer, Troponin_T)

» Outcome (CVD_Diagnosis)

B. Data Processing

Missing values were checked and filled or removed. Categorical variables were converted into numbers.
Continuous variables were scaled. Outliers and unrealistic values were removed to improve data quality.

C. Feature Selection

In this study, Mutual Information was used to analyse feature importance. Mutual Information [15] measure the
amount of information a feature provides for CVD outcome. It aids to recognize the association in-between the
target class and input variables. Features with higher Mutual Information scores have a stronger impact on
predicting cardiovascular disease. This method was used to rank the features and identify the most important
clinical and inflammatory factors related to post -COVID heart risk. The contribution of each feature to the
prediction was evaluated. Features such as CRP, IL6, Ddimer, Troponin T, Max Heart Rate, BMI and
Hemoglobin were analyzed to see which had the most impact on CVD outcomes.

D. Model Development
Four models were used in this study to predict cardiovascular disease in post-COVID-19 patients.

Naive Bayes

Naive Bayes is a probabilistic machine learning model based on Baye’s theorem. This considers all input
features as independent of each other. The model calculates the probability of a patients having cardiovascular
disease based on given input values [16]. Naive Bayes is fast, easy to implement and works well with medical
datasets.

KNN

K-Nearest Neighbors (KNN) is a machine learning model for classification that doesn’t consider any specific
data distribution(non-parametric). First, this calculates the distance between points using methods like Euclidean,
Manhattan or Hamming distance. The k value decides how many neighbors to check for classifying a point. If
k=1, the point takes the class of its nearest neighbor. Small k gives high variance but low bias, while larger k
gives low variance and low bias [17]. KNN can also handle missing values by estimating them during
classification.

SVM

Support Vector Machine (SVM) is a supervised machine learning model. This could be used for classification
and regression purpose. SVM separates data into classes by creating a line or a hyperplane. It works for both
linear and nonlinear problems. SVM tries to find the best line or hyperplane that keeps the maximum distance
from the closest points of each class [18]. This helps the model make more accurate predictions. It is widely used
in medical data and other fields for reliable classification.

RNN

Recurrent Neural Network (RNN) is a deep learning model that work with sequential data. It is very unique as its
connections come from hidden layers. These hidden layers are repeated multiple times and each time it applies
the same weights and biases to the input step. The network runs its processes in a loop pattern. This changes and
updates the hidden states and save data to its internal memory. RNN model is updated and rebuilt every time the
data is passed through the chain of RNN.
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RNNSs easily understands the data during training process. It can handle both categorical and numerical data. It
needs small amount of data preparation for validation of the model with statistical tests. It also works well with
large data sets [19, 20]. RNNs in their statistical algorithms, uses cluster points of data within feature groups.
Different types of variables make large data complex thereby making process of classification and clustering
difficult [20]. RNNs capture the updates and record them in their neuron units due to the storage facility that they
possess. This is a unique quality of RNN in deep learning models. RNNs has the ability to collect data from
randomly long sequences while making predictions.

E. Evaluation Metrics

Model performance was measured using accuracy, precision, recall, fl-score and confusion matrix [21]. These
metrics shows how well the model predicts cardiovascular disease cases. Some of them are as follows:

TP+T
Accuracy = —————— (D)
TP+TN+FP+FN

TP
Recall = 2)

TP+F

P TP
Precision = 3)
TP+FP
recision*recall

F1Score = 2 » ErecSonTects 4)

precision+recal

Above equation represents TP, TN, FP and FN as True Positives, True Negatives, False Positives and False
Negatives respectively. True Positives and true negatives determine whether a post COVID-19 patient had CVD
or not. While false predictions made by the machine learning model is determined by the number of false
positives and false negatives.

V. RESULTS AND DISCUSSION

This study compared Naive Bayes, KNN, SVM and RNN models to predict post COVID-19 cardiovascular
disease risk. The performance of each model was evaluated to identify the most effective approach. Feature
importance was analysed using Mutual Information as shown in Figure 2. This shows the top 10 important
features selected using Mutual Information. It measures how much each feature helps in predicting
cardiovascular disease. Troponin-T has the highest score, so it is the most important feature. COVID-19, D-
dimer and CRP also have high scores, showing strong influence on CVD prediction. IL6 and Hemoglobin have
moderate importance. These features are related to inflammatory and oxygen levels in blood. Max_Heart Rate
and BMI contribute less but still help the model. Family history and smoking have lower scores, but they still
add useful information.

Top 10 Feature Importance using Mutual Information

Troponin_T 0.377
CovID-19
Ddimer
CRP 0.264

L6

Hemoglobin

Top 10 Features

Max_Heart_Rate 0.128
BMI
Family_History

Smoking

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Mutual Information Score

Figure 2. Features Importance
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Figure 3. Values obtained for the confusion matrices using different algorithms

TABLE I: ANALYSIS OF MACHINE AND DEEP LEARNING ALGORITHMS

Model Name Accuracy Precision Recall fl-score
Naive Bayes 0.86 0.97 0.75 0.85
K-Nearest Neighbor (KNN) 0.90 0.98 0.82 0.90
Support Vector Machine (SVM) 0.95 0.99 0.92 0.95
Recurrent Neural Network (RNN) 0.97 0.99 0.95 0.97

Confusion matrices were used to analyse correct and incorrect predictions as shown in Figure 3. For Naive
Bayes, the model correctly identified many low-risk cases but missed some high-risk cases which reduced recall.
KNN model improved classification by reducing misclassification and showed better balance between TP and
TN. The SVM model achieved high TP and TN values, showing strong performance in separating risk classes.
The RNN model performed best, with the highest correct predictions and the lowest errors, indicating better
learning of complex patterns in the data. Overall, the confusion matrices confirmed that RNN provides the most
accurate and reliable predictions for post-COVID CVD risk compared to other models.

Model performance was compared using accuracy, precision, recall and Fl-score as shown in table I. Naive
Bayes achieved an accuracy of 86% but its recall value was lower compared to other models, indicating that
some positive cases were not correctly identified. In cardiovascular risk prediction, missing positive cases is
critical, as it may delay necessary medical intervention. KNN improved performance with 90% accuracy and
better recall than Naive Bayes. This means it detected more positive cases. But, KNN depends on nearby data
points. So, it may not perform as well when the data has complex relationships.

SVM performed well with 95% accuracy and balanced precision and recall. This means it classified both
positive and negative cases well. It works effectively even when the data has many features and complex
patterns. Amongst all models, the RNN achieved the best results with 97% accuracy, 99% precision, 95% recall
and fl-score 97%. It identified most positive cases and made very few mistakes. The better performance is
because RNN can learn complex patterns in the data selected using Mutual Information.

Overall results shows that clinical biomarkers and COVID-19 status are the key predictors. These results support
clinical findings that COVID -19 increases inflammation and stress which can damage the heart. Performance of
RNN model is improved by these features which ultimately supports medical findings that are related to heart
disease.
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VI. CONCLUSIONS

This research highlights a strong association between CVD and post COVID-19 circumstances. Large number of
Covid-19 patients have greater risk for heart issues because of changes in inflammatory and cardiac markers.
The conclusive results confirms that even after recovery, COVID-19 can influence heart health. The research
provides Al based comparative and comprehensive analysis in forecasting CVD risk amongst post COVID-19
patients. Amongst all the tested models, RNN performed as the best model with 97% accuracy as compared to
Naive Bayes, KNN, and SVM in predicting post COVID-19 CVD risk. This confirms that RNN is the best
model in identifying post COVID-19 heart problems.

This research also aids to interrelate different health factors, inflammatory biomarkers and clinical features that
increase heart risk post COVID-19. To evaluate and predict post COVID-19 heart complications, ML and DL
models were developed. Finally, the research designed a prediction framework to support doctors in early
detection and faster as well as better decision making in heart issues of post COVID-19 patients.

In the future, this work can use larger datasets and longer follow-up data. Data from more hospitals can also be
added. Additionally, explainable AI methods like SHAP and LIME can be used for deeper clinical
interpretability. This may aid doctors predict heart risk early and improve patient outcome.
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