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ABSTRACT 

Cardiovascular diseases (CVDs) remain the leading cause of death worldwide, underscoring the critical need 

for early detection and continuous monitoring. Traditional diagnostic methods, such as electrocardiograms 

(ECGs) and invasive blood pressure monitoring, are highly accurate but often limited by their cost, 

complexity, and reliance on clinical settings. Enter photoplethysmography (PPG), a groundbreaking, non-

invasive, and cost-effective optical technology that is transforming cardiovascular monitoring. PPG works by 

measuring blood volume changes using light, offering valuable insights into key health metrics like heart rate, 

blood oxygen saturation, and arterial stiffness. Its simplicity and versatility have made it a cornerstone of 

wearable devices, such as smartwatches and fitness trackers, enabling continuous health monitoring outside of 

traditional medical environments. Beyond basic metrics, PPG’s ability to detect subtle changes in arterial pulse 

waveforms has proven invaluable in identifying conditions like hypertension, atrial fibrillation, and 

atherosclerosis. Research has further demonstrated its effectiveness in assessing arterial stiffness and early 

signs of atherosclerosis, particularly in high-risk populations. Despite its promise, PPG is not without 

challenges. The technology is susceptible to motion artifacts and environmental noise, which can compromise 

signal accuracy. Fortunately, advancements in signal processing and machine learning, such as wavelet 

transforms, adaptive filtering, and deep learning have significantly enhanced PPG’s reliability and diagnostic 

precision. These innovations are paving the way for more robust and accessible cardiovascular monitoring 

solutions. This paper provides a comprehensive review of PPG’s principles, applications, and challenges in 

cardiovascular disease detection. We explore its potential for real-world, continuous monitoring and discuss 

exciting future opportunities, including its integration with telemedicine platforms and multimodal sensing 

systems. While hurdles remain, PPG’s non-invasive nature, affordability, and compatibility with wearable 

devices position it as a game-changer in modern cardiovascular care. By enabling earlier detection, better 

management, and prevention of CVDs, PPG is poised to improve health outcomes for millions of people 

worldwide. 
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INTRODUCTION 

Cardiovascular diseases (CVDs) remain the leading cause of mortality worldwide, accounting for 

approximately 17.9 million deaths annually, as reported by the World Health Organization (WHO, 2021). 

Early detection and continuous monitoring of cardiovascular conditions are critical to reducing morbidity and 

mortality rates. Traditional diagnostic methods, such as electrocardiograms (ECGs) and invasive blood 

pressure monitoring, are highly accurate but often require specialized equipment and clinical settings, limiting 

their accessibility and scalability. In recent years, Photoplethysmography (PPG) has emerged as a promising 

non-invasive, cost-effective, and wearable technology for cardiovascular monitoring. PPG is an optical 

technique that measures blood volume changes in the microvascular bed of tissue, typically using a light 

source and a photodetector. The PPG waveform contains valuable physiological information, including heart 

rate, blood oxygen saturation (SpO2), and arterial stiffness, making it a versatile tool for assessing 

cardiovascular health (Allen, 2007). The widespread adoption of PPG in consumer devices, such as 
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smartwatches and fitness trackers, has further highlighted its potential for continuous health monitoring outside 

clinical environments. The application of PPG in cardiovascular disease detection has gained significant 

attention due to its ability to capture subtle changes in the arterial pulse waveform, which can indicate 

underlying conditions such as hypertension, atrial fibrillation, and atherosclerosis (Elgendi et al., 2019). For 

instance, Qawqzeh et al. (2010) demonstrated the utility of PPG contour analysis in assessing arterial stiffness 

and early atherosclerosis, particularly in subjects with erectile dysfunction (ED). Their study highlighted the 

association between PPG morphological changes and age, emphasizing the role of PPG in detecting age-

related vascular alterations. Such findings underscore the potential of PPG as a diagnostic tool for early 

cardiovascular risk assessment. Further research by Qawqzeh et al. (2010) explored the relationship between 

PPG morphology and carotid intima-media thickness (CIMT), a marker of atherosclerosis, in ED patients. 

They calculated nine PPG indices and found significant correlations between PPG parameters and CIMT, 

suggesting that PPG can supplement existing methods for analyzing arterial conditions. Similarly, Qawqzeh 

(2012) investigated the use of the second derivative of PPG (b/a ratio) as a measure of atherosclerosis risk. 

Their logistic regression model, incorporating pulse pressure (PP), b/a index, and subject height, demonstrated 

promising sensitivity and specificity in predicting high-risk atherosclerosis. These studies collectively 

highlight the potential of PPG as a non-invasive tool for assessing arterial health and detecting early signs of 

cardiovascular disease. Despite its advantages, PPG signals are susceptible to motion artifacts and 

environmental noise, posing challenges for accurate interpretation. Advances in signal processing and machine 

learning have enabled researchers to extract more reliable features from PPG waveforms, enhancing its 

diagnostic capabilities. This review paper aims to provide a comprehensive overview of the current state of 

PPG technology in cardiovascular disease detection. We will explore the underlying principles of PPG, its 

applications in diagnosing various cardiovascular conditions, and the challenges associated with its use. 

Additionally, we will discuss recent advancements in signal processing techniques and their impact on 

improving the accuracy and reliability of PPG-based diagnostics. 

SURVEY OF PPG IN CARDIOVASCULAR DISEASE DETECTION 

Principles of PPG Technology 

Photoplethysmography operates on the principle of measuring light absorption by blood vessels. A typical 

PPG device consists of a light-emitting diode (LED) that emits light into the skin and a photodetector that 

captures the reflected or transmitted light. The amount of light absorbed by the blood varies with the cardiac 

cycle, producing a waveform that reflects changes in blood volume (Allen, 2007). The PPG waveform 

comprises two main components: the AC component, which corresponds to pulsatile blood flow, and the DC 

component, which represents non-pulsatile blood volume and tissue absorption. The AC component of the 

PPG signal is particularly useful for cardiovascular monitoring, as it contains information about the arterial 

pulse. Key features of the PPG waveform, such as the systolic peak, diastolic peak, and dicrotic notch, can be 

analyzed to derive physiological parameters like heart rate variability (HRV), pulse wave velocity (PWV), and 

arterial stiffness (Elgendi et al., 2019). These parameters are critical for assessing cardiovascular health and 

detecting abnormalities. Figure 1 illustrates the PPG components.  

 

Figure1. PPG waveform and its first and second derivatives. 
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Applications of PPG in Cardiovascular Disease Detection 

Hypertension Detection 

Hypertension, or high blood pressure, is a major risk factor for cardiovascular diseases. PPG-based devices 

have shown promise in estimating blood pressure non-invasively by analyzing the pulse transit time (PTT) and 

pulse wave analysis (PWA). PTT is the time taken for the arterial pulse to travel between two points in the 

arterial tree and is inversely related to blood pressure (Mukkamala et al., 2015). Recent studies have 

demonstrated the feasibility of using PPG signals to estimate blood pressure with reasonable accuracy, making 

it a potential tool for continuous hypertension monitoring (Slapničar et al., 2019). 

Atrial Fibrillation Detection 

Atrial fibrillation (AF) is a common arrhythmia associated with an increased risk of stroke and heart failure. 

PPG signals can be used to detect AF by analyzing irregularities in the pulse waveform and heart rate 

variability. Machine learning algorithms have been developed to classify PPG signals as normal or AF with 

high sensitivity and specificity (Tison et al., 2018). The integration of PPG-based AF detection into wearable 

devices has the potential to enable early diagnosis and reduce the burden of AF-related complications. 

Atherosclerosis and Arterial Stiffness 

Atherosclerosis, characterized by the buildup of plaque in the arteries, leads to increased arterial stiffness and 

reduced blood flow. PPG can assess arterial stiffness by analyzing the shape and timing of the pulse waveform. 

The augmentation index (AIx), derived from the PPG waveform, is a widely used measure of arterial stiffness 

(Millasseau et al., 2006). Qawqzeh et al. (2010) conducted a study on 65 subjects with erectile dysfunction 

(ED) to investigate the relationship between PPG contour and arterial stiffness. Their findings revealed that 

PPG timing indices, such as the dicrotic notch and inflection point, are significantly influenced by age, with 

older subjects showing reduced arterial compliance. This study highlights the potential of PPG contour 

analysis in detecting early atherosclerosis and age-related vascular changes. In another study, Qawqzeh et al. 

(2010) examined the variation of PPG morphology in ED patients and calculated nine PPG indices alongside 

carotid intima-media thickness (CIMT). They found significant correlations between PPG parameters and 

CIMT, suggesting that PPG can supplement existing methods for analyzing arterial conditions. Similarly, 

Qawqzeh (2012) investigated the use of the second derivative of PPG (b/a ratio) as a measure of 

atherosclerosis risk. Their logistic regression model, incorporating pulse pressure (PP), b/a index, and subject 

height, demonstrated promising sensitivity and specificity in predicting high-risk atherosclerosis. These studies 

collectively highlight the potential of PPG as a non-invasive tool for assessing arterial health and detecting 

early signs of cardiovascular disease. 

Aging and PPG Morphology 

Aging significantly affects the morphology of PPG signals, as demonstrated by Qawqzeh et al. (2011). Their 

study investigated the effect of aging on PPG signals and the reflection index (RI), a measure of arterial 

stiffness. The results showed that PPG signals become more rounded with age, leading to the disappearance of 

the inflection point and dicrotic notch. The study concluded that RI could serve as a measure of small and 

medium artery stiffness, enabling early detection of atherosclerosis in subclinical settings. These findings 

underscore the importance of considering age-related changes when interpreting PPG signals for 

cardiovascular risk assessment. 

Heart Failure Monitoring 

Heart failure is a chronic condition that requires continuous monitoring to prevent exacerbations. PPG signals 

can provide insights into cardiac function by measuring parameters such as stroke volume and cardiac output. 

Researchers have explored the use of PPG in conjunction with other sensors, such as accelerometers, to 

monitor heart failure patients remotely (Ponikowski et al., 2016). These advancements have the potential to 

improve patient outcomes and reduce hospital readmissions. 
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Challenges and Limitations 

Despite its potential, PPG technology faces several challenges that limit its widespread adoption in clinical 

practice. Motion artifacts, caused by patient movement, can distort the PPG signal and reduce its accuracy. 

Environmental factors, such as ambient light and skin pigmentation, can also affect signal quality (Tamura et 

al., 2014). Additionally, the interpretation of PPG waveforms requires advanced signal processing techniques, 

which may not be readily available in all healthcare settings. 

Advances in Signal Processing and Machine Learning 

Recent advancements in signal processing and machine learning have addressed many of the limitations 

associated with PPG technology. Techniques such as wavelet transform, adaptive filtering, and deep learning 

have been employed to enhance signal quality and extract meaningful features from PPG waveforms (Charlton 

et al., 2022). For example, convolutional neural networks (CNNs) have been used to classify PPG signals for 

arrhythmia detection with high accuracy (Rajan et al., 2021; Qawqzeh et al., 2023). These innovations have 

significantly improved the reliability and diagnostic capabilities of PPG-based systems. 

DISCUSSIONS 

The use of Photoplethysmography (PPG) in cardiovascular disease (CVD) prevention and detection represents 

a transformative shift in healthcare, offering a non-invasive, cost-effective, and accessible alternative to 

traditional diagnostic methods. The studies reviewed in this paper highlight the immense potential of PPG in 

assessing arterial health, detecting early signs of atherosclerosis, and monitoring cardiovascular conditions 

such as hypertension, atrial fibrillation, and heart failure. However, while PPG technology has made 

significant strides, several challenges and opportunities must be addressed to fully realize its potential in 

clinical practice. 

PPG as a Tool for Early Detection and Prevention 

One of the most promising applications of PPG is its ability to detect early signs of cardiovascular 

abnormalities, particularly in asymptomatic individuals. The work by Qawqzeh et al. (2010, 2012) 

demonstrates the utility of PPG in assessing arterial stiffness and atherosclerosis risk, particularly in high-risk 

populations such as patients with erectile dysfunction (ED). By analyzing PPG waveform features such as the 

dicrotic notch, inflection point, and second derivative (b/a ratio), researchers have been able to correlate PPG-

derived indices with established markers of atherosclerosis, such as carotid intima-media thickness (CIMT). 

These findings suggest that PPG could serve as a screening tool for early detection of subclinical 

atherosclerosis, enabling timely interventions to prevent disease progression. Moreover, the integration of PPG 

into wearable devices offers unprecedented opportunities for continuous monitoring of cardiovascular health. 

For instance, the ability to estimate blood pressure non-invasively using pulse transit time (PTT) and pulse 

wave analysis (PWA) could revolutionize hypertension management, allowing patients to monitor their blood 

pressure in real-time without the need for cumbersome cuffs or clinical visits (Mukkamala et al., 2015). 

Similarly, the use of PPG for detecting atrial fibrillation (AF) in wearable devices has shown promising results, 

with machine learning algorithms achieving high sensitivity and specificity in classifying PPG signals (Tison 

et al., 2018). These advancements underscore the potential of PPG as a preventive tool, enabling early 

diagnosis and reducing the burden of CVD-related complications. 

Challenges in PPG Signal Interpretation 

Despite its advantages, PPG technology faces several challenges that must be addressed to improve its 

accuracy and reliability. One of the primary limitations is the susceptibility of PPG signals to motion artifacts 

and environmental noise, which can distort the waveform and lead to erroneous interpretations (Tamura et al., 

2014; Otoom et al., 2019). For example, physical activity, ambient light, and skin pigmentation can 

significantly affect the quality of PPG signals, limiting their utility in real-world settings. Advanced signal 

processing techniques, such as adaptive filtering and wavelet transform, have been employed to mitigate these 

issues, but further research is needed to develop robust algorithms that can reliably extract meaningful features 
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from noisy PPG data. Another challenge lies in the interpretation of PPG waveforms, particularly in 

populations with varying physiological characteristics. For instance, the study by Qawqzeh et al. (2011) 

highlights the significant impact of aging on PPG morphology, with older individuals showing more rounded 

waveforms and diminished inflection points. These age-related changes must be accounted for when 

interpreting PPG signals, as they can affect the accuracy of derived indices such as the reflection index (RI) 

and augmentation index (AIx). Developing age-specific reference ranges and algorithms could improve the 

diagnostic accuracy of PPG in diverse populations. 

Integration with Machine Learning and Artificial Intelligence 

The integration of machine learning (ML) and artificial intelligence (AI) into PPG analysis has opened new 

avenues for improving the diagnostic capabilities of this technology. ML algorithms, such as convolutional 

neural networks (CNNs) and support vector machines (SVMs), have been used to classify PPG signals for 

arrhythmia detection, blood pressure estimation, and atherosclerosis risk prediction with high accuracy (Rajan 

et al., 2021; Qawqzeh, 2012). These algorithms can analyze complex patterns in PPG waveforms that may not 

be discernible to the human eye, enabling more precise and personalized diagnostics. However, the 

development of ML-based PPG systems requires large, high-quality datasets for training and validation. The 

lack of standardized protocols for PPG signal acquisition and annotation poses a significant barrier to the 

development of robust models. Collaborative efforts between researchers, clinicians, and industry stakeholders 

are needed to establish standardized datasets and benchmarks, ensuring the generalizability and reproducibility 

of ML-based PPG systems. 

Future Directions and Opportunities 

The future of PPG in CVD prevention and detection lies in its integration with other sensing modalities and 

healthcare technologies. For example, combining PPG with electrocardiography (ECG), accelerometry, and 

bioimpedance could provide a more comprehensive assessment of cardiovascular health, enabling the detection 

of complex conditions such as heart failure and coronary artery disease (Charlton et al., 2022). Additionally, 

the integration of PPG into telemedicine platforms could facilitate remote monitoring of high-risk patients, 

reducing the need for frequent clinical visits and improving access to care in underserved areas. Another 

promising direction is the development of personalized PPG-based risk prediction models. By incorporating 

demographic, clinical, and lifestyle data, these models could provide individualized risk assessments and 

tailored interventions, enhancing the effectiveness of preventive care. For instance, the logistic regression 

model developed by Qawqzeh (2012), which incorporates pulse pressure (PP), b/a index, and subject height, 

demonstrates the potential of PPG-based models in predicting high-risk atherosclerosis. Expanding such 

models to include additional variables, such as genetic markers and environmental factors, could further 

improve their predictive accuracy. 

Integration with Telemedicine and Remote Monitoring 

The integration of PPG technology with telemedicine platforms represents a significant advancement in remote 

patient monitoring. Telemedicine has gained traction, especially in the wake of the COVID-19 pandemic, as a 

means to provide healthcare services to patients without the need for physical visits to clinics. PPG-based 

wearable devices can continuously monitor cardiovascular parameters such as heart rate, blood oxygen 

saturation, and blood pressure, transmitting this data in real-time to healthcare providers. This capability is 

particularly beneficial for managing chronic conditions like hypertension, atrial fibrillation, and heart failure, 

where continuous monitoring can lead to early detection of exacerbations and timely interventions. For 

instance, patients with heart failure can use PPG-enabled wearable devices to monitor their cardiac function 

remotely. Data collected from these devices can be analyzed using machine learning algorithms to detect early 

signs of decompensation, prompting healthcare providers to adjust treatment plans proactively. This approach 

not only improves patient outcomes but also reduces the frequency of hospital readmissions, thereby lowering 

healthcare costs. Moreover, the integration of PPG with telemedicine can enhance access to cardiovascular 

care in underserved and rural areas. Patients in these regions often face barriers to accessing specialized 

healthcare services due to geographical and logistical challenges. PPG-based remote monitoring can bridge 
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this gap by enabling healthcare providers to monitor patients' cardiovascular health from a distance, ensuring 

timely and effective care. 

Ethical and Regulatory Considerations 

As PPG technology becomes more integrated into clinical practice and consumer devices, several ethical and 

regulatory considerations must be addressed. One of the primary concerns is data privacy and security. PPG 

devices collect sensitive health data, which, if compromised, could lead to privacy violations and misuse of 

personal information. Ensuring robust data encryption and secure transmission protocols is essential to protect 

patient data. Another ethical consideration is the potential for health disparities. While PPG-based wearable 

devices offer significant benefits, they may not be equally accessible to all populations. Socioeconomic factors, 

such as the cost of devices and access to technology, can create disparities in who benefits from these 

advancements. Policymakers and healthcare providers must work towards making PPG technology affordable 

and accessible to diverse populations to ensure equitable health outcomes. Regulatory frameworks also need to 

evolve to keep pace with the rapid advancements in PPG technology. Regulatory bodies must establish 

guidelines for the validation and approval of PPG-based devices and algorithms to ensure their safety and 

efficacy. This includes setting standards for data accuracy, device reliability, and clinical validation. 

Collaborative efforts between regulatory agencies, researchers, and industry stakeholders are crucial to 

developing a regulatory environment that fosters innovation while protecting public health. To further 

contextualize the advantages of PPG technology and its potential to address these ethical and regulatory 

challenges, Table 1 provides a detailed comparison of PPG with traditional diagnostic methods, such as 

electrocardiograms (ECGs) and invasive blood pressure monitoring. This comparison highlights the cost-

effectiveness, accessibility, and ease of use of PPG, underscoring its potential to democratize cardiovascular 

health monitoring and reduce disparities in healthcare access.  

Table 1. Comparison of PPG with Traditional Methods 

Aspect PPG ECG Invasive Blood Pressure 

Monitoring 

Cost Low cost: Uses inexpensive 

optical sensors (LEDs and 

photodetectors). 

Moderate to high cost: 

Requires specialized 

equipment and electrodes. 

High cost: Involves invasive 

procedures and sterile 

equipment. 

Accessibility High: Integrated into wearable 

devices (e.g., smartwatches, 

fitness trackers). 

Moderate: Requires clinical 

settings or portable ECG 

devices. 

Low: Only available in 

clinical or hospital settings. 

Accuracy Good for continuous monitoring 

and detecting trends (e.g., heart 

rate, SpO2, arterial stiffness). 

High: Gold standard for 

detecting arrhythmias and 

electrical heart activity. 

Very high: Direct 

measurement of blood 

pressure, considered the most 

accurate method. 

Ease of Use Very easy: Non-invasive, user-

friendly, and suitable for home 

use. 

Moderate: Requires proper 

placement of electrodes 

and some technical 

knowledge. 

Difficult: Requires trained 

medical professionals for 

invasive procedures. 

Portability Highly portable: Integrated into 

wearable devices for continuous 

monitoring. 

Portable ECG devices exist 

but are bulkier than PPG 

wearables. 

Not portable: Requires 

hospital or clinical setup. 

Real-Time 

Monitoring 

Yes: Enables continuous, real-

time monitoring of 

cardiovascular parameters. 

Limited: Typically used for 

short-term monitoring 

unless combined with 

Holter monitors. 

Limited: Used for short-term 

monitoring during clinical 

procedures. 

Patient High: Non-invasive and Moderate: Electrodes can Low: Invasive procedures 
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Comfort comfortable for long-term use. cause skin irritation over 

time. 

can cause discomfort and 

risk of complications. 

Applications Heart rate, SpO2, arterial 

stiffness, hypertension, atrial 

fibrillation, and more. 

Arrhythmia detection, heart 

rate, and electrical activity 

of the heart. 

Direct blood pressure 

measurement, critical care 

monitoring. 

Limitations Susceptible to motion artifacts 

and environmental noise. 

Less suitable for 

continuous monitoring 

outside clinical settings. 

Invasive nature limits its use 

to clinical settings and 

specific medical conditions. 

CONCLUSIONS 

Photoplethysmography (PPG) technology represents a transformative advancement in the field of 

cardiovascular disease (CVD) prevention and detection. Its non-invasive nature, cost-effectiveness, and 

compatibility with wearable devices make it a powerful tool for continuous health monitoring and early 

diagnosis. The studies reviewed in this paper underscore the immense potential of PPG in assessing arterial 

health, detecting early signs of atherosclerosis, and monitoring critical cardiovascular conditions such as 

hypertension, atrial fibrillation, and heart failure. By leveraging the rich physiological information embedded 

in PPG waveforms, researchers and clinicians can identify subtle changes in cardiovascular function, enabling 

timely interventions that can significantly reduce morbidity and mortality rates (Allen, 2007; Elgendi et al., 

2019). However, the widespread adoption of PPG in clinical practice is not without challenges. The 

susceptibility of PPG signals to motion artifacts, environmental noise, and variations in skin pigmentation 

poses significant hurdles to accurate signal interpretation (Tamura et al., 2014). These limitations necessitate 

the development of robust signal processing techniques and machine learning algorithms capable of extracting 

reliable features from noisy data. Advances in adaptive filtering, wavelet transforms, and deep learning have 

already demonstrated promising results in enhancing the diagnostic capabilities of PPG-based systems 

(Charlton et al., 2022; Rajan et al., 2021). Yet, further research is needed to refine these techniques and ensure 

their applicability across diverse populations and real-world settings. The integration of PPG with other 

sensing modalities, such as electrocardiography (ECG), accelerometry, and bioimpedance, offers exciting 

opportunities for a more comprehensive assessment of cardiovascular health. Multimodal sensing can provide 

a holistic view of a patient’s condition, enabling the detection of complex cardiovascular abnormalities that 

may not be discernible through PPG alone (Charlton et al., 2022). Additionally, the integration of PPG into 

telemedicine platforms has the potential to revolutionize remote patient monitoring, particularly for individuals 

with chronic conditions or those living in underserved areas. By enabling real-time data transmission and 

analysis, PPG-based telemedicine can facilitate proactive healthcare interventions, reducing the need for 

frequent clinical visits and improving access to care (Ponikowski et al., 2016). 

Ethical and regulatory considerations also play a critical role in the future of PPG technology. Ensuring data 

privacy and security is paramount, given the sensitive nature of the health data collected by PPG devices. 

Policymakers and industry stakeholders must collaborate to establish robust regulatory frameworks that ensure 

the safety, efficacy, and reliability of PPG-based devices and algorithms. Furthermore, efforts must be made to 

address potential health disparities by making PPG technology affordable and accessible to diverse 

populations, thereby promoting equitable health outcomes (Tison et al., 2018). Looking ahead, the future of 

PPG lies in its ability to deliver personalized and preventive healthcare. By incorporating demographic, 

clinical, and lifestyle data into PPG-based risk prediction models, healthcare providers can offer individualized 

risk assessments and tailored interventions. These models, enhanced by machine learning and artificial 

intelligence, have the potential to predict cardiovascular risks with unprecedented accuracy, enabling early 

interventions that can prevent disease progression (Qawqzeh, 2012; Rajan et al., 2021). In conclusion, PPG 

technology is poised to become a cornerstone of modern cardiovascular care. Its ability to provide continuous, 

non-invasive monitoring outside clinical settings makes it an invaluable tool for early detection and prevention 

of cardiovascular diseases. While challenges related to signal quality, interpretation, and standardization 

remain, ongoing advancements in signal processing, machine learning, and multimodal sensing offer 

promising solutions. As research in this field continues to evolve, PPG has the potential to significantly reduce 

the global burden of cardiovascular diseases, improving health outcomes and quality of life for millions of 
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individuals worldwide. Collaborative efforts between researchers, clinicians, industry stakeholders, and 

policymakers will be essential to fully realize the transformative potential of PPG in cardiovascular healthcare. 
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