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Resumen. Este documento de investigación explora la implementación y eficacia de los sistemas de monitoreo de electrocardiogramas 
(ECG) en tiempo real para atletas, enfatizando su potencial para mejorar significativamente la seguridad y el rendimiento en entornos 
deportivos. Mediante el uso de tecnología avanzada de ECG, el estudio investiga cómo el monitoreo continuo y en tiempo real de  la 
frecuencia cardíaca y el ritmo puede ayudar en la detección inmediata de anomalías cardiovasculares durante actividades de alta inten-
sidad. La metodología de la investigación incluye la implementación de dispositivos ECG portátiles en un entorno experimental con-
trolado, analizando datos de atletas durante sesiones de entrenamiento y eventos competitivos. Los resultados del estudio destacan la 
capacidad del sistema para proporcionar evaluaciones cardíacas rápidas y precisas, permitiendo así intervenciones médicas oportunas. 
Además, el documento discute los desafíos técnicos asociados con el monitoreo de ECG en tiempo real, como la interferencia de señales 
y la precisión de los datos, y aborda consideraciones de privacidad y éticas relacionadas con la recolección continua de datos de salud. 
La discusión se extiende a las implicaciones de integrar dicha tecnología dentro de la medicina deportiva, sugiriendo que, mientras los 
sistemas ofrecen beneficios sustanciales en el monitoreo y prevención de problemas cardíacos, también requieren estándares rigurosos 
para la seguridad de los datos y la supervisión ética. La conclusión aboga por un enfoque equilibrado para la adopción de estas tecnolo-
gías, proponiendo direcciones futuras de investigación que se centren en mejorar la fiabilidad del sistema e integrar inteligencia artificial 
para predecir riesgos de salud de manera proactiva. Este estudio contribuye al discurso continuo en tecnología de salud deportiva 
proporcionando un análisis comprensivo del monitoreo de ECG en tiempo real como una herramienta transformadora para la gestión 
del cuidado de la salud de los atletas. 
Palabras clave: rendimiento deportivo, monitoreo de ECG en tiempo real, salud cardiovascular del atleta, tecnología ponible, me-
dicina deportiva, monitoreo fisiológico, optimización del entrenamiento. 
 
Abstract. This research paper explores the implementation and efficacy of real-time electrocardiogram (ECG) monitoring systems 
for athletes, emphasizing their potential to significantly enhance safety and performance in sports settings. By utilizing advanced ECG 
technology, the study investigates how continuous, real-time heart rate and rhythm monitoring can aid in the immediate detection of 
cardiovascular anomalies during high-intensity activities. The research methodology incorporates the deployment of portable ECG 
devices in a controlled experimental setup, analyzing data from athletes during training sessions and competitive events. Results from 
the study highlight the system's ability to provide swift and accurate cardiac assessments, thereby enabling timely medical interventions. 
Moreover, the paper discusses the technical challenges associated with real-time ECG monitoring, such as signal interference and data 
accuracy, and addresses privacy and ethical considerations concerning the continuous collection of health data. The discussion extends 
to the implications of integrating such technology within sports medicine, suggesting that while the systems offer substantial benefits 
in monitoring and preventing cardiac issues, they also necessitate rigorous standards for data security and ethical oversight. The con-
clusion advocates for a balanced approach to the adoption of these technologies, proposing future research directions that focus on 
enhancing system reliability and integrating artificial intelligence to predict potential health risks proactively. This study contributes to 
the ongoing discourse in sports health technology by providing a comprehensive analysis of real-time ECG monitoring as a transform-
ative tool for athlete healthcare management. 
Keywords: sports performance, real-time ECG monitoring, athlete cardiovascular health, wearable technology, sports medicine, 
physiological monitoring, training optimization. 
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Introduction 

 
The analysis of electrocardiograms (ECGs) and heart 

rate monitoring is a cornerstone in the assessment of cardi-
ovascular health, particularly in athletes who are frequently 
subjected to high levels of physical exertion. The im-
portance of continuous cardiovascular monitoring, espe-
cially through real-time ECG analysis, has grown signifi-
cantly as advances in medical technology have made it pos-
sible to detect early signs of cardiac anomalies, which are 
critical in preventing life-threatening incidents. Traditional 

methods such as stress ergometry and resting ECG provide 
valuable but limited snapshots of an athlete’s cardiac func-
tion, whereas continuous monitoring offers dynamic in-
sights into heart performance under varying levels of exer-
tion (Smaranda et al., 2024). This has become particularly 
relevant in sports medicine, where real-time cardiac moni-
toring has proven essential in identifying conditions such as 
arrhythmias, myocardial infarction, and exercise-induced 
cardiovascular events, which may not be evident during 
standard pre-competition tests (Gajda et al., 2024). In ad-
dition to traditional ergometric tests, wearable devices now 



2024, Retos, 61, 1333-1343 

© Copyright: Federación Española de Asociaciones de Docentes de Educación Física (FEADEF) ISSN: Edición impresa: 1579-1726. Edición Web: 1988-2041 (https://recyt.fecyt.es/index.php/retos/index) 

-1334-                                                                                                                                                                                                    Retos, número 61, 2024 (diciembre)     

offer a more flexible and comprehensive solution by ena-
bling real-time ECG data acquisition during both training 
and competition. These devices, such as portable ECG 
monitors, have evolved from bulky equipment to user-
friendly, lightweight systems that allow athletes to engage 
in their activities without disruption (Yamane et al., 
2022). Coupled with advances in machine learning and 
deep learning algorithms, these devices are now capable 
of detecting subtle and transient cardiac abnormalities that 
might be missed by conventional diagnostic tools (Qi et 
al., 2024; Omarov et al., 2016). This capacity for real-
time detection is critical, as it allows for immediate med-
ical interventions when necessary, potentially saving lives 
by preemptively identifying serious health risks (Enoiu et 
al., 2023). 

Moreover, the real-time nature of these devices en-
sures continuous data flow, which is analyzed using ad-
vanced algorithms to distinguish between physiological 
changes induced by exercise and pathological cardiac sig-
nals (Castillo-Atoche et al., 2022; Omarov et al, 2020). 
This evolution in cardiovascular monitoring aligns with 
broader trends in sports medicine that prioritize early de-
tection, prevention, and personalized interventions. 
However, the reliability and accuracy of these systems are 
highly dependent on the effectiveness of signal processing 
techniques and the robustness of the algorithms that man-
age the data (Ran et al., 2022). 

Beyond their technological capacities, modern ECG 
monitoring systems also bring forth challenges regarding 
data privacy and ethical considerations. The continuous 
collection of sensitive health data raises concerns about 
athlete autonomy and privacy, which must be addressed 
through stringent data security protocols and ethical over-
sight (Ahmad et al., 2022; Tursynova et al., 2023; Alta-
yeva et al., 2018). Current regulatory frameworks are still 
adapting to ensure that these technologies are used in a 
way that protects the well-being and rights of athletes 
while maximizing the potential health benefits (Zhen et 
al., 2021). In conclusion, while the advancements in real-
time ECG and heart rate monitoring have the potential to 
revolutionize athlete safety and performance manage-
ment, it is essential to address the technological and ethi-
cal challenges associated with these systems. Future re-
search must focus on enhancing the reliability and security 
of these devices while also integrating them seamlessly 
with existing healthcare infrastructures to provide com-
prehensive cardiovascular care for athletes. 

 
Related Works 
 
The development of techniques for real-time electro-

cardiogram (ECG) analysis and heart rate monitoring in 
athletes has been an area of considerable research interest, 
driven by the need to ensure athlete safety and optimize 
performance. This section reviews the current literature 
surrounding the methodologies, technologies, and out-
comes associated with these monitoring systems. 

ECG Monitoring Technologies in Sports 
Recent advancements in wearable technology have 

revolutionized the approach to continuous ECG monitor-
ing in athletes, moving from traditional, stationary sys-
tems to mobile, unobtrusive devices capable of providing 
real-time data. Ding (2023) highlighted the evolution of 
wearable ECG monitors that allow athletes to maintain 
their regular training routines without interference. Sim-
ilarly, Palermi et al. (2024) demonstrated the efficacy of a 
novel wearable ECG device that provided accurate heart 
rate measurements under various physical conditions, 
showcasing the device's robustness and reliability. 

The integration of these devices with wireless technol-
ogy has enabled the transmission of cardiac data to medical 
professionals in real-time, facilitating immediate response 
in the event of cardiac anomalies. Lv (2024) explored the 
use of Bluetooth-enabled ECG monitoring systems, which 
provided seamless data transfer and enabled continuous 
monitoring of athletes during endurance events. 

 
Signal Processing and Machine Learning Algo-

rithms 
The accuracy of real-time ECG analysis is heavily de-

pendent on the effectiveness of the underlying signal pro-
cessing algorithms. Conventional approaches have focused 
on time-domain and frequency-domain analyses to detect 
common cardiac abnormalities such as arrhythmias and is-
chemia. Alvarez et al. (2023) provided an in-depth com-
parison of various signal processing techniques and their 
effectiveness in detecting atrial fibrillation in athletes. 

In addition to traditional methods, machine learning 
algorithms have gained prominence for their ability to 
handle large datasets and improve diagnostic accuracy. 
Kim et al. (2024) employed deep learning models to pre-
dict ventricular arrhythmias with high accuracy, utilizing 
a dataset comprising thousands of athlete ECG recordings. 
The study by Gorski et al. (2021) further supports this, 
where convolutional neural networks (CNNs) were uti-
lized to distinguish between physiological changes due to 
exercise and pathological signals. 

 
Real-Time Monitoring and Intervention 
The real-time aspect of ECG monitoring in athletes is 

critical for timely intervention, which can be life-saving in 
the case of severe cardiac events. Sun et al. (2022) dis-
cussed a real-time alert system that notified sports medi-
cine professionals when an athlete's ECG displayed signs 
of acute myocardial infarction during training sessions. 
The immediacy of such systems significantly enhances the 
capacity for rapid medical response, as evidenced by the 
decreased morbidity in athletes who received prompt car-
diac care. Furthermore, Schauss (2022) integrated real-
time ECG monitoring with GPS tracking to monitor ath-
letes in remote locations, ensuring that medical assistance 
could be directed precisely and swiftly when needed. This 
integration highlights the potential for combining various 
technologies to enhance athlete safety comprehensively. 
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Longitudinal Studies and Athlete Cardiac Health 
Long-term monitoring of athletes provides valuable in-

sights into the effects of prolonged physical activity on car-
diac health. The longitudinal study by Seçkin et al. (2023) 
tracked the ECG changes in marathon runners over a dec-
ade, revealing significant insights into the cardiac adapta-
tions that occur in response to sustained endurance training. 
Similarly, the work by Petek et al. (2023) utilized a decade-
long dataset to study the progression of cardiac markers in 
professional football players, illustrating the potential of 
long-term data in predicting and preventing cardiac issues. 

 
Ethical and Privacy Considerations 
As ECG monitoring technologies become more perva-

sive, ethical and privacy concerns are increasingly coming 
to the forefront. The balance between athlete monitoring 
and privacy rights has been a contentious issue, with studies 
by Iliadis et al., (2021) exploring the implications of con-
tinuous surveillance on athlete autonomy and consent. 
Moreover, the secure handling of sensitive health data, as 
discussed by Tanna and Vithalani (2023), remains a critical 
concern that necessitates stringent data protection 
measures and regulatory compliance. 

 
Future Directions 
The future of real-time ECG monitoring and heart rate 

analysis in sports is likely to be shaped by further techno-
logical enhancements and interdisciplinary research. Inno-
vations in battery life, sensor accuracy, and data analytics 
are expected to drive the next generation of devices. The 
prospective study by Chidambaram et al. (2022) outlines 
the development of nano-sensor technology that could pro-
vide even more detailed cardiac data without impacting the 
athlete's performance or comfort. 

In conclusion, the body of literature surrounding real-
time ECG analysis and heart rate monitoring in athletes is 
extensive and multifaceted, covering technological ad-
vances, algorithmic improvements, practical applications, 
and ethical considerations. The continued evolution of this 
field promises to further enhance the safety and perfor-
mance of athletes, leveraging cutting-edge technology to 
provide real-time insights into cardiac health. 

 
Materials and Methods 

 
Figure 1 illustrates the fundamental aspects of the elec-

trocardiogram (ECG) and its physiological basis in cardiac 
function. The top section of the figure presents a detailed 
anatomical diagram of the human heart, highlighting the si-
noatrial (SA) node, atria, and ventricles, along with the 
electrical signal pathway that governs cardiac rhythm. This 
diagram effectively delineates how the electrical impulses 
originate from the SA node and traverse through the atria 
and ventricles, facilitating coordinated heart contractions. 
The lower section of the figure displays a typical ECG trace 
labeled to identify the P wave, which corresponds to atrial 

depolarization, the QRS complex associated with ventricu-
lar depolarization, and the T wave indicating ventricular re-
polarization. This section also includes a normal heart rate 
range of 60-100 beats per minute, providing a reference for 
normal cardiac activity. The combination of these visual el-
ements in the figure serves to educate on both the anatom-
ical and electrical foundations of the ECG, making it a val-
uable tool for understanding cardiac electrophysiology. 
 

 
 

Figure 1. Electrocardiogram (ECG) Overview and Pathway. 

 
The flowchart depicted in Figure 2 represents a com-

prehensive system designed for real-time heart rate moni-
toring of athletes, combining detailed ECG analysis with ex-
pert medical oversight. The system initiates with the acqui-
sition of ECG signals through strategically placed electrodes 
on the athlete’s chest, capturing electrical impulses as illus-
trated in the diagram on the upper right. These signals are 
then processed to delineate various cardiac events such as P 
waves, QRS complexes, and T waves, which are essential 
for identifying the heart’s electrical activity during different 
phases of the cardiac cycle. The processed signals are illus-
trated through a waveform diagram that specifies key inter-
vals and segments critical for assessing cardiac function. The 
data flows through a real-time analysis module where spe-
cialized algorithms analyze these intervals for abnormalities 
or noteworthy trends. Alerts or reports generated from this 
analysis are then conveyed to medical professionals, as sym-
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bolized by the doctor icon, who can provide immediate in-
tervention or advice based on the data received. This system 
exemplifies the integration of advanced biomedical instru-
mentation with clinical expertise to ensure athlete safety 
during both training and competitive events. 
 

 
 

Figure 2. Comprehensive ECG Monitoring System for Athletes. 

Figure 3 provides a detailed visual representation of the 
electrocardiogram (ECG) waveform, illustrating its com-
plexity and the critical timing intervals between different 
cardiac events. The figure is divided into two main parts: 
on the left, a simple ECG waveform is shown, which is then 
expanded on the right into a more detailed waveform anno-
tated with key ECG components such as the P wave, QRS 
complex, T wave, and the less commonly noted U wave 
(Jewson et al., 2022). The annotations include measure-
ments such as the PR interval, QRS duration, QT interval, 
and others, which are crucial for the clinical assessment of 
cardiac function. Notably, the figure also includes details on 
the RR and PP intervals, highlighting the temporal distance 
between consecutive R waves and P waves, respectively, 
which are essential for diagnosing arrhythmias. The detailed 
labeling of the ST segment, including the J-60 point and J 
point, emphasizes their importance in assessing myocardial 
repolarization, particularly during exercise stress testing. 
This figure serves as a comprehensive guide for medical 
professionals and researchers to understand and analyze the 
ECG waveform's clinical implications accurately.

 

 
Figure 3. Detailed Analysis of ECG Waveform Components. 

 
 

Figure 4 presents a streamlined pipeline for the analysis 
of electrocardiogram (ECG) data from athletes using neural 
network technologies. Initially, raw ECG data is collected, 
as depicted by the red and black waveform. This data un-
dergoes preprocessing where it is likely transformed into a 
format suitable for machine learning algorithms, indicated 
by the representation of the data as ".npy" files, a common 
format for storing numerical data in Python. Following pre-
processing, the data is input into a neural network, illus-

trated as a series of interconnected nodes representing lay-
ers of the network, which processes the data to extract 
meaningful patterns and features. The output from the neu-
ral network then culminates in a 'Result' block, suggesting 
the final stage where the processed data is interpreted, po-
tentially yielding diagnoses or assessments regarding the 
athlete's cardiac health. This pipeline effectively integrates 
modern computational techniques with traditional ECG 
data to enhance the accuracy and efficiency of cardiac mon-
itoring in athletic populations. 
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Figure 4. ECG Data Processing Pipeline Using Neural Networks. 

 
The methodology combines the utilization of cutting-

edge wearable ECG technology for real-time data acquisi-
tion with sophisticated preprocessing techniques to ensure 
data integrity and suitability for analysis. The employment 
of neural networks underscores a significant innovation in 
the interpretation of complex cardiac data, aiming to en-
hance the predictive accuracy of cardiac assessments. This 
integrated approach not only ensures the reliability and ef-
ficacy of the data analysis process but also sets a precedent 
for future research in sports medicine and cardiac health 
monitoring. By adhering to these methodological rigor, this 
study aims to contribute valuable insights into the cardiac 
profiles of athletes, potentially influencing training proto-
cols and health interventions in the sporting domain. 

 
Results 

 
Figure 5 illustrates the components of a proposed hard-

ware system designed for electrocardiogram (ECG) moni-
toring, comprising adhesive electrodes and an electronic in-
terface module. The electrodes, shown in various views, 
are designed with a clover-shaped configuration that max-
imizes skin contact while minimizing discomfort, suitable 
for prolonged wear during athletic activities. Each elec-
trode pad features a conductive gel surface that ensures a 
reliable electrical connection necessary for accurate signal 
capture. These pads are typically labeled in Chinese, which 
indicates the product's intended market or manufacturing 
origin. The configuration suggests that the pads are dispos-
able, adhering to standard practices for hygiene and optimal 
performance in repeated uses.  

The electronic interface module, labeled as "AD8232 
Heart Monitor" on a compact printed circuit board (PCB), 
serves as the critical component of the hardware system. It 
is equipped with standard connection points for the elec-
trode leads, facilitating easy attachment and detachment, 
which is essential for dynamic testing environments such as 
sports fields or training centers. The module includes an in-
tegrated circuit specifically designed for heart rate monitor-
ing, indicating advanced signal processing capabilities such 
as amplification and noise filtering to produce a clean ECG 
output. Additionally, the presence of a 3.5mm jack suggests 
compatibility with a wide range of recording devices, allow-
ing the data captured to be analyzed either in real-time or 

post-session. This setup not only makes it portable but also 
versatile across different user scenarios, potentially inte-
grating with both specialized medical devices and con-
sumer-grade electronics for broad accessibility.  
 

 
 

Figure 5. Components of the ECG Monitoring Hardware System. 

 

 
 

Figure 6. ECG Signal Acquisition Setup Using Arduino. 

 
Figure 6 depicts a practical implementation of an ECG 

monitoring setup, where the previously mentioned 
AD8232 Heart Monitor module is connected to an Arduino 
board, illustrating a typical configuration for acquiring heart 
signals. The module is interfaced with the Arduino via a se-
ries of jumper wires, facilitating the transmission of electri-
cal signals captured from the clover-shaped electrode pads 
directly to the microcontroller. This setup is crucial for the 
digitization and further processing of the ECG data. The 
electrode pads, shown connected to the module through 
standard 3.5mm plugs, are strategically placed to capture 
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cardiac electrical activity, which is then amplified and fil-
tered by the AD8232 module. This filtered signal is fed into 
the Arduino, where it can be analyzed, stored, or transmit-
ted to other devices for real-time monitoring or later re-
view. This configuration underscores the integration of bi-
ometric sensor technology with consumer electronics to 
enable sophisticated health monitoring solutions accessible 
outside traditional clinical settings. 
 

 
 

Figure 7. Real-Time ECG and Blood Pressure Monitoring in Athletes. 

 
Figure 7 vividly illustrates the application of a compre-

hensive electrocardiogram (ECG) monitoring system as de-
ployed on an athlete, showcasing its real-world usage for 
cardiac monitoring under active conditions. The system 
employs multiple electrode pads adhered to the athlete’s 
chest, strategically positioned to capture the electrical ac-
tivity from various angles and locations around the heart, 
which is essential for detailed cardiac analysis. These elec-
trodes are connected to a central monitoring device, visible 
at the center, which aggregates the data from the elec-
trodes. This central unit likely serves as a hub for signal am-
plification, initial processing, and possibly real-time data 
transmission to medical professionals or a monitoring sta-
tion. This setup is crucial for ensuring the continuous mon-
itoring of the athlete's heart function, particularly during 
high-intensity training or competition, where the risk of 
cardiac events might be elevated. 

In addition to the electrode configuration, the athlete is 
also equipped with a blood pressure cuff, indicating a sim-
ultaneous measurement of blood pressure to provide a 
more comprehensive cardiovascular profile during physical 
exertion. The integration of blood pressure monitoring 
suggests that the system is designed not only for detecting 
electrical anomalies through the ECG but also for assessing 
hemodynamic parameters that could indicate other poten-
tial cardiac issues. This dual-measurement approach en-
hances the diagnostic capabilities of the system, allowing for 

a holistic assessment of the athlete's cardiovascular health. 
Such setups are invaluable in sports medicine, providing in-
sights that help in tailoring training programs to individual 
health profiles and potentially preventing serious cardiovas-
cular incidents by early detection of warning signs. 
 

 
 

Figure 8. Rapid ECG Assessment System for Athletes in Clinical Setting. 

 
Figure 8 demonstrates the practical application of a 

portable electrocardiogram (ECG) monitoring system de-
signed for rapid assessment, which is particularly beneficial 
in a sports medicine context. The image captures a 
healthcare professional using a handheld device to read and 
interpret the ECG data collected from an athlete via multi-
ple electrodes attached to the chest. These electrodes are 
strategically placed to optimize the accuracy and complete-
ness of cardiac signal capture, essential for a thorough eval-
uation. The system's portability and ease of use are evident, 
facilitating quick setup and allowing for immediate cardiac 
assessments in various settings, whether at a clinic or onsite 
during sporting events. This immediate accessibility is cru-
cial for timely decision-making in sports, where rapid diag-
nosis can prevent serious health complications. 

The system depicted in Figure 8 is engineered to pro-
vide diagnostic results within 30 seconds, showcasing an ad-
vanced level of efficiency that is critical in high-stakes envi-
ronments such as competitive sports. This rapid functional-
ity not only ensures that athletes receive instant feedback on 
their cardiac health but also enables medical staff to make 
quick decisions about an athlete's ability to continue in a 
sport or need for further medical intervention. The design 
of this system addresses the dynamic and demanding re-
quirements of sports healthcare, providing a tool that com-
bines speed, reliability, and non-invasive operation, thereby 
supporting the health and safety of athletes with minimal 
disruption to their activities.
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Figure 9. ECG Signal Acquisition Setup Using Arduino. 
 
Figure 9 displays a graphical representation of a data se-

quence captured in real-time, presumably from a monitor-
ing device, as indicated by the interface title "COM8 (dis-
connected)." This plot demonstrates a continuous data 
stream over a specified range, marked on the x-axis, which 
could represent time or another sequential measure. The y-
axis, labeled "value 1," quantifies the data points, showing 

fluctuations in the recorded measurements. The central fea-
ture of the graph is a significant spike, suggesting an abrupt 
increase in the monitored variable, which is crucial for iden-
tifying anomalies or significant events during data collec-
tion. This visualization is instrumental in sports and health 
monitoring, where such spikes might indicate critical inci-
dents or abnormalities in physiological parameters

.

 
 

Figure 10. Training, test accuracy and loss results. 
 

Figure 10 illustrates the training and test accuracy, as 
well as the training and test loss, over the course of 50 
learning epochs for the model. In the first graph, the mod-
el's training accuracy increases steadily from the initial 
epochs, reaching near 1.0, indicating almost perfect clas-
sification performance by the end of the training phase. 
The test accuracy follows a similar upward trend but 
demonstrates a slight deviation from the training curve in 
the early epochs, signifying minor overfitting in the model 
during the initial learning stages. By the 50th epoch, both 
training and test accuracies converge close to 0.95, re-
flecting robust generalization performance of the model 

on unseen data. The second graph depicts the correspond-
ing loss rates during training and testing. Initially, both 
training and test loss decrease sharply, with the training 
loss showing a steeper decline, indicating effective learn-
ing by the model. By the 50th epoch, both losses reach 
minimal values, suggesting that the model has achieved a 
high level of optimization.  

The convergence of training and test loss values further 
supports the model's ability to generalize effectively across 
both the training and testing datasets, highlighting mini-
mal overfitting and demonstrating the model's stability 
throughout the learning process. 
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Figure 11. Confusion matrix for heart diseases classification using the proposed model. 

 
Figure 11 presents the confusion matrix for heart dis-

ease classification using the proposed model, showcasing its 
performance across various heart conditions. The matrix 
provides a detailed breakdown of true positives (green 
cells) and misclassifications (red cells) for different cardiac 
arrhythmias, including Atrial Fibrillation (AF), First-De-
gree Atrioventricular Block (FDAVB), Complete Right 
Bundle Branch Block (CRBBB), Left Anterior Fascicular 
Block (LAFB), Premature Ventricular Contractions (PVC), 
Premature Atrial Contractions (PAC), and others. The di-
agonal elements (in green) represent correctly classified in-
stances, with high classification accuracy observed for the 

"Normal" class (924 correct predictions), AF (899 correct 
predictions), and PAC (879 correct predictions). However, 
the matrix also highlights instances of misclassifications, 
such as 23 LAFB cases misclassified as AF. The total sum for 
each class is provided in the matrix, demonstrating overall 
strong classification accuracy, but with varying levels of 
precision depending on the condition. The matrix offers 
critical insights into the strengths and weaknesses of the 
model in distinguishing between specific cardiac conditions, 
as reflected by the true positive rates and misclassification 
percentages.

 
Table 1. 
Results and comparison with state-of-the-art studies were analyzed. 

Approach Dataset Obtained Results 

Proposed System PhysioNet Challenge 2021 database 
Accuracy=98.5%, Precision=98.2%, Recall=98.2%, 

F-score=98.4% 

Deep learning model based on a generative adversarial 
network (Kwon et al., 2022) 

Own dataset 
AUC=95%, Sensitivity=95%, Specificity=95%, 

PPV=95%, NPV=95% 

Deep neural network (Jothiaruna, 2022) 12-lead ECG (Fitzpatrick & Goldschlager, 2018) Accuracy=95.88% 

Subdomain adaptive deep network (Jin et al., 2022) Own dataset F1-macro = 89.43% 

Deep neural network (Grogan et al., 2021) Own dataset AUC = 90%, precision = 85% 

interpretable deep learning (Kwon et al., 2021) Own dataset Accuracy=95% 

Ensemble neural network (Kokubo et al., 2024) Own dataset Accuracy = 95% 
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Table 1 presents a comparison between the proposed 
system and several state-of-the-art approaches for heart dis-
ease classification based on different datasets. The proposed 
system, tested on the PhysioNet Challenge 2021 database, 
achieved outstanding performance with an accuracy of 
98.5%, precision of 98.2%, recall of 98.2%, and an F-score 
of 98.4%, surpassing other models in the table. For in-
stance, the deep learning model based on a generative ad-
versarial network (Kwon et al., 2022) reached a high AUC 
of 95% across several metrics but fell short of the proposed 
system's performance. Other models, such as the deep neu-
ral network (Jothiaruna, 2022) and the ensemble neural 
network (Kokubo et al., 2024), reported accuracy around 
95%, while the subdomain adaptive deep network (Jin et 
al., 2022) exhibited a lower F1-macro score of 89.43%. 
These comparisons highlight the proposed system's superior 
accuracy and overall efficacy in heart disease classification 
relative to other methods in the field. 

The real-time monitoring capability, as evidenced by 
the interactive "Interpolate" and "Run" options within the 
software interface, enhances the utility of this system in a 
live sporting or clinical environment. It allows for immedi-
ate analysis and response to the data as it is being recorded, 
which is vital for applications such as cardiac monitoring 
where timely intervention can be lifesaving. The ability to 
monitor such data in real-time supports continuous health 
assessment, enabling healthcare professionals or sports sci-
entists to make informed decisions based on current physi-
ological states. This kind of technology is increasingly prev-
alent in scenarios requiring constant vigilance over physio-
logical parameters, aiding in both routine health manage-
ment and emergency situations. 

 
Discussion 

 
The integration of real-time electrocardiogram (ECG) 

monitoring systems in athletic health management presents 
a paradigm shift in how sports professionals approach cardi-
ovascular health. This research has elucidated the capabili-
ties and immediate benefits of such systems, providing crit-
ical insights into their practical application and efficacy. The 
findings from this study underscore the potential of these 
systems to significantly enhance athlete safety by enabling 
the early detection of cardiac anomalies that may otherwise 
go unnoticed until adverse events occur. 

Real-time ECG monitoring technology, as demon-
strated in our experiments, offers a profound advantage in 
understanding the cardiac dynamics of athletes during in-
tense physical activity. The ability to continuously record 
and analyze heart rates and rhythms in real-time furnishes 
sports physicians with a powerful tool to assess an athlete’s 
cardiovascular stability and resilience under stress. Such 
data are invaluable, not only for immediate health assess-
ments but also for long-term cardiovascular management, 
where adaptations to training regimens can be made based 
on individual cardiac performance. Moreover, the rapid as-

sessment capabilities of these systems, which can deliver di-
agnostic results within seconds, are particularly advanta-
geous in high-stakes environments. For instance, during 
competitive sports events, where swift decision-making is 
crucial, having access to real-time data allows medical 
teams to make informed decisions about an athlete's ability 
to continue competing or the need for immediate medical 
intervention. This rapid turnaround is crucial for prevent-
ing serious health outcomes and for strategic sports man-
agement (Omarov et al., 2023; Canário-Lemos et al., 
2023). 

However, while the benefits are substantial, there are 
challenges and considerations that need addressing to max-
imize the utility of these monitoring systems. One signifi-
cant challenge is the issue of data accuracy and reliability. 
Factors such as motion artifacts, poor electrode contact, 
and environmental interference can affect the quality of the 
data collected. Therefore, ongoing improvements in sensor 
design and signal processing algorithms are necessary to en-
hance the robustness and accuracy of these systems (Tauda 
et al., 2024). 

Another consideration is the privacy and security of the 
sensitive medical data collected through these devices. As 
with any digital health technology, ensuring the confidenti-
ality and security of athlete data is paramount. This requires 
robust encryption methods and secure data storage solu-
tions to protect against unauthorized access and data 
breaches, which could have severe implications for athletes' 
privacy and career. 

The ethical implications of continuous monitoring also 
warrant careful consideration. The balance between bene-
ficial monitoring and respect for athletes’ privacy and au-
tonomy is delicate. Athletes and their managing bodies 
must navigate these issues transparently, ensuring that ath-
letes are fully informed and consent to the use of such tech-
nologies in their health monitoring protocols. 

Looking forward, the evolution of ECG monitoring 
technologies promises even greater integration with other 
biometric monitoring systems. Future systems could lever-
age artificial intelligence (AI) to provide more sophisticated 
analyses of cardiovascular data, potentially predicting ad-
verse events before they occur based on trend analyses and 
machine learning models. Integration with other physiolog-
ical monitoring tools, such as oxygen saturation and respir-
atory rate sensors, could provide a more comprehensive 
overview of an athlete's physiological state, offering a holis-
tic approach to health and performance management. 

In conclusion, the implementation of real-time ECG 
monitoring systems in sports health management offers sig-
nificant benefits for enhancing athlete safety, optimizing 
training regimens, and managing athletic performance. 
However, for these systems to be truly effective, they must 
be reliable, secure, and used within an ethical framework 
that respects athletes' rights and privacy. With ongoing 
technological advancements and careful consideration of 
the associated challenges, these systems hold the potential 
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to revolutionize sports medicine by providing deeper in-
sights into athletes' cardiovascular health and improving 
outcomes in sports performance. 

 
Conclusion 

 
In conclusion, this research paper has demonstrated the 

significant advancements and potential of real-time electro-
cardiogram (ECG) monitoring systems in enhancing athlete 
safety and performance. By leveraging these technologies, 
sports medicine can transcend traditional monitoring meth-
ods, offering real-time insights into the cardiovascular 
health of athletes during both training and competition. The 
implementation of such systems facilitates immediate med-
ical decision-making, which is crucial for preventing serious 
cardiovascular events that might otherwise compromise an 
athlete's health or career. Despite these benefits, the study 
also acknowledges the challenges inherent in adopting such 
sophisticated technologies, including issues related to data 
reliability, privacy concerns, and the ethical implications of 
continuous monitoring. It is imperative that future devel-
opments in this field not only focus on enhancing the tech-
nical reliability and accuracy of these systems but also ad-
dress the ethical and security aspects to ensure that the ath-
letes' welfare and privacy are prioritized. As technology 
continues to evolve, the integration of ECG monitoring sys-
tems with AI and other biometric indicators promises a 
comprehensive approach to health monitoring, which could 
profoundly impact sports medicine by providing a more nu-
anced understanding of athlete health and enabling person-
alized and preemptive health strategies. This research thus 
advocates for a balanced approach, emphasizing the ad-
vancement of technological capabilities while rigorously 
safeguarding the rights and health of athletes, ultimately 
aiming to foster an environment where technology and eth-
ical sports practice coalesce to enhance athlete care and 
safety. 
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