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Background

Cardiovascular diseases (CVDs) are a group of disorders that affect the heart and blood vessels, 
including coronary artery disease, heart failure, and stroke. CVDs are a leading cause of death 
worldwide, accounting for more than 17 million deaths each year, and are projected to continue to 
rise in prevalence due to aging populations and unhealthy lifestyles [1]. The risk factors for CVDs can 
be divided into modifiable and non-modifiable factors. Non-modifiable factors include age, sex, and 
genetics, while modifiable risk factors include smoking, high blood pressure, high cholesterol levels, 
diabetes, obesity, and physical inactivity. Lifestyle modifications such as healthy eating habits, regular 
exercise, and smoking cessation can help to reduce the risk of CVDs, while medications and surgical 
interventions can also be used to manage and treat these diseases [2].

Early detection and management of CVDs are crucial for preventing complications and 
improving outcomes. Biomarkers, which are measurable indicators of biological processes or disease 
states, are increasingly being used in the diagnosis, risk stratification, and management of CVDs. 
Novel biomarkers such as microRNAs and extracellular vesicles show promise for improving the 
accuracy of CVD diagnosis and predicting disease progression [3]. In addition to traditional risk 
factors and biomarkers, advances in imaging technologies such as computed tomography (CT) 
and magnetic resonance imaging (MRI) have also revolutionized the diagnosis and management of 
CVDs. These imaging modalities can provide detailed information about the structure and function 
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of the heart and blood vessels, allowing for early detection of CVDs 
and guiding treatment decisions [4]. Despite the progress made in 
the prevention, diagnosis, and management of CVDs, challenges 
remain. Limited access to healthcare and disparities in healthcare 
delivery can impact the early detection and management of CVDs 
in certain populations. Additionally, the complex and multifactorial 
nature of CVDs requires a comprehensive and personalized approach 
to treatment and management [5].

Research in the field of cardiovascular medicine continues 
to advance, with ongoing efforts to identify novel biomarkers, 
develop targeted therapies, and improve healthcare delivery [6]. 
The integration of multidisciplinary approaches, including genetics, 
genomics, and data science, holds promise for improving our 
understanding of the pathophysiology of CVDs and developing more 
effective prevention and treatment strategies [7]. Ultimately, the goal 
is to reduce the global burden of CVDs and improve the quality of 
life for those affected by these diseases. Artificial intelligence (AI) has 
the potential to revolutionize the field of cardiovascular medicine by 
improving the accuracy of diagnosis, predicting disease progression, 
and individualizing treatment plans. AI encompasses a range of 
techniques, including machine learning, deep learning, and natural 
language processing, which can be used to analyze large datasets 
and extract meaningful insights [8]. One area where AI has shown 
promise in cardiovascular medicine is in the analysis of medical 
images [9]. AI algorithms can be trained to accurately identify 
and classify abnormalities in images such as CT scans, MRI, and 
echocardiography, allowing for earlier and more accurate diagnosis 
of cardiovascular diseases [10-12]. AI can also be used to analyze 
other types of data, such as electrocardiograms (ECGs) and genetic 
data, to predict the risk of developing CVDs and guide treatment 
decisions. In addition to improving diagnosis and risk prediction, AI 
can also be used to develop personalized treatment plans for patients 
with CVDs [13]. By analyzing patient data, including medical 
history, imaging, and genetic data, AI algorithms can identify the 
most effective treatment options for individual patients, taking into 
account their unique characteristics and needs [14]. 

This review provides a comprehensive update on recent 
advances across the spectrum of cardiovascular disease care, with 
a focus on novel diagnostic modalities, emerging therapies, and 
innovative approaches like AI and precision medicine. Elucidating 
these latest developments is crucial to improving patient outcomes, 
advancing treatment strategies, and reducing the global burden of 
cardiovascular diseases.

Novel Biomarkers for Early Diagnosis of CVDs

Novel biomarkers have been identified as potential tools for early 
detection of CVDs.

High-sensitivity C-reactive protein (hs-CRP) has been identified 
as a potential biomarker for early detection of CVDs. Several 
studies have shown that hs-CRP is associated with an increased 
risk of cardiovascular events [15]. Another potential biomarker is 
N-terminal pro b-type natriuretic peptide (NT-proBNP), which has 
been found to be a useful marker for the diagnosis of heart failure 
[16].  Troponins  are another biomarkers that have been widely 
studied for the diagnosis of acute coronary syndrome (ACS) [17]. 
Other novel biomarkers that have shown promise for early detection 
of CVDs include  microRNAs  and circulating endothelial cells 
(CECs). MicroRNAs are small non-coding RNAs that regulate gene 

expression and have been shown to be dysregulated in various CVDs. 
CECs are endothelial cells that have detached from blood vessels 
and can be easily detected in the peripheral blood. Several studies 
have demonstrated that CECs are elevated in patients with CVDs, 
including coronary artery disease (CAD) and heart failure [18].

The current state of research on blood biomarkers in CVDs, 
focusing on biomarkers related to inflammation, oxidative stress, 
and endothelial dysfunction. The article highlights the potential of 
novel biomarkers such as galectin-3, microRNAs, and extracellular 
vesicles for improving the accuracy of CVD diagnosis and predicting 
disease progression. The potential of novel biomarkers such as 
glycated hemoglobin, high-sensitivity troponin, and lipoprotein 
(a) for early detection and risk prediction of CVDs [19]. Dai et 
al. discusses the potential of microRNAs as biomarkers for CVDs, 
highlighting the advantages of their stability in circulation and ease 
of measurement [18]. microRNAs as therapeutic targets for CVDs, 
providing examples of preclinical studies that have shown promising 
results. The identification and validation of novel biomarkers 
for early prediction of CVDs, includes genetic, proteomic, and 
metabolomic biomarkers [21]. Novel biomarkers such as circulating 
microRNAs, lipids, and proteins have the potential of for improving 
risk prediction and guiding personalized treatment. The potential 
of extracellular vesicles as novel biomarkers for CVDs, emphasizing 
their role in intercellular communication and their potential as targets 
for therapeutic intervention [22]. Some examples of extracellular 
vesicle-based biomarkers, such as miR-126 and miR-92a, have the 
potential for predicting CVD risk and guiding treatment decisions. 
GDF-15 could be used in combination with other biomarkers and 
clinical parameters to improve risk stratification and treatment 
decisions in patients with CHF. For example, GDF-15 could be used 
alongside other biomarkers, such as brain natriuretic peptide (BNP) 
and troponin, to provide a more comprehensive picture of a patient’s 
condition [23]. Lipid biomarkers for CVD risk assessment include 
traditional lipid biomarkers such as cholesterol and triglycerides, 
as well as novel biomarkers such as oxidized phospholipids and 
lysophosphatidylcholine. The potential of these biomarkers for 
improving risk prediction and guiding personalized treatment has 
been established [24,25].

However, biomarkers can be affected by various factors, including 
age, sex, and comorbidities, which can limit their specificity and 
sensitivity. Additionally, the cost and availability of  biomarker 
testing can be a barrier to their widespread use in clinical practice. 
In conclusion, recent developments in novel biomarkers for early 
detection of CVDs highlight the ongoing efforts to improve patient 
outcomes and reduce the burden of these diseases [23].

Imaging Tools for Early Detection of CVDs

Imaging tools for  early detection  of CVDs include their 
clinical utility and limitations. Cardiac magnetic resonance 
imaging  (MRI) has emerged as an accurate and safe tool 
for diagnosing various  cardiovascular conditions, including 
myocarditis,  hypertrophic cardiomyopathy, and stress-induced 
cardiomyopathy, among others [26]. MRI can provide detailed 
images of the heart and blood vessels, enabling identification 
of  structural abnormalities  and  functional changes  associated with 
CVDs. Computed tomography  (CT) angiography has also shown 
promise in the early diagnosis of CVDs, particularly in the diagnosis 
of coronary artery disease (CAD) [27]. CT angiography can provide 
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detailed images of the coronary arteries, allowing for identification 
of stenosis and plaque formation. Positron emission tomography 
(PET) imaging has been used to detect early-stage CVDs by 
identifying areas of inflammation and metabolic activity within the 
heart [28-36]. 

PET imaging can provide information on myocardial perfusion, 
metabolism, and function, which can aid in the early detection of 
CVDs.

Other  imaging modalities  that have shown promise for early 
detection of CVDs include ultrasound and optical coherence 
tomography (OCT). Ultrasound can be used to assess blood flow 
and detect structural abnormalities within the heart and blood 
vessels [37].  OCT imaging  can provide high-resolution images of 
the  coronary artery wall, allowing for identification of early-stage 
plaque formation [38]. FT-CMR (feature tracking cardiac magnetic 
resonance) is able to detect significant changes in radial and 
circumferential strain after 18 weeks of treatment, which was shorter 
than the period required for echocardiography to detect structural 
and functional changes. The study also found that the changes in 
FT-CMR parameters were in agreement with the reduction in left 
ventricular end-diastolic volume (LVEDV) and left ventricular 
hypertrophy (LVH) as a result of reduced LV radial thickness. The 
article also notes that global longitudinal strain (GLS) and lateral 
mitral annular plane systolic excursion (MAPSE) obtained through 
CMR are independent predictors of mortality in hypertensive 
patients [39].

Despite the potential clinical utility of these imaging tools, there 
are limitations to their use. Imaging tools can be expensive and may 
not be available in all  healthcare settings [40]. Additionally, some 
imaging modalities involve exposure to ionizing radiation, which 
can limit their use in certain patient populations. Overall, recent 
developments in imaging tools for early detection of CVDs highlight 
the ongoing efforts to improve patient outcomes and reduce the 
burden of these diseases [41].

Treatment of CVDs, Including Current Guidelines and 
Emerging Therapies

Current guidelines for the treatment of CVDs emphasize 
the importance of  lifestyle modifications, such as smoking 
cessation, regular physical activity, and a  healthy diet, in 
addition to  pharmacologic therapies. Pharmacologic therapies 
for CVDs include antiplatelet agents, lipid-lowering agents, 
and antihypertensive agents. Antiplatelet agents, such as aspirin 
and clopidogrel, are commonly used in the treatment of  acute 
coronary syndrome  (ACS) and for  secondary prevention  of 
cardiovascular events [42]. Lipid-lowering agents, such as statins, 
have been shown to reduce the risk of cardiovascular events in 
patients with hyperlipidemia. Antihypertensive agents, such as 
angiotensin-converting enzyme (ACE) inhibitors and  angiotensin 
receptor blockers  (ARBs), are commonly used in the treatment of 
hypertension and heart failure [43].

Emerging therapies  for the treatment of CVDs include 
novel anticoagulants and gene therapies. Novel anticoagulants, 
such as  direct oral anticoagulants  (DOACs), have been shown 
to be effective in the prevention of stroke in patients with  atrial 
fibrillation. Gene therapies, such as  RNA interference therapy, 
have shown promise in the treatment of hypercholesterolemia by 

reducing levels of low-density lipoprotein cholesterol (LDL-C) [44]. 
In addition to pharmacologic therapies,  invasive procedures, such 
as  percutaneous coronary intervention  (PCI) and  coronary artery 
bypass graft (CABG) surgery, are commonly used in the treatment 
of CVDs. PCI  is a minimally invasive procedure that involves the 
placement of a stent in a  narrowed coronary artery  to improve 
blood flow, while CABG surgery involves the use of grafts to bypass 
narrowed or obstructed coronary arteries [45]. Overall, recent 
developments in the treatment of CVDs highlight the ongoing 
efforts to improve patient outcomes and reduce the burden of these 
diseases.

Advances in Novel Therapies for CVD and Their Effects 
on Patient Outcomes

Gene therapy  has emerged as a promising approach for the 
treatment of CVD, with the potential to treat a range of diseases, 
including heart failure,  inherited lipid disorders, and inherited 
arrhythmias. Gene therapy involves introducing  therapeutic 
genes  into cells to correct or replace defective or  missing genes. 
Recent studies have shown that gene therapy can improve cardiac 
function  and reduce symptoms in patients with heart failure. For 
example, gene therapy by using a viral vector was effective in treating 
patients with heart failure [46]. Stem cell therapy is another promising 
approach for the treatment of CVD, with the potential to regenerate 
damaged heart tissue and improve cardiac function. Stem cells can 
be derived from various sources, such as bone marrow, adipose tissue, 
and cardiac tissue. Recent studies have shown that stem cell therapy 
can improve cardiac function and reduce symptoms in patients 
with heart failure. For example, studies on stem cell therapy were 
effective in improving left ventricular ejection fraction and reducing 
hospitalization rates in patients with heart failure [47].

Pharmacogenomics  involves using  genetic information  to 
tailor medication regimens to individual patients, while personalized 
medicine involves tailoring treatment to an individual patient’s 
unique characteristics, such as age, sex, and comorbidities [48]. 
Recent studies have shown that pharmacogenomic approaches can 
improve  medication efficacy  and reduce  adverse drug  reactions in 
patients with CVD [49].

In conclusion, novel therapies for CVD, including gene 
therapy, stem cell therapy, and  precision  medicine approaches, 
offer promising opportunities for improving patient outcomes 
and reducing the burden of these complex diseases [50]. Ongoing 
research and collaboration between clinicians and researchers will be 
essential to realizing the potential of these novel therapies in CVD 
care [51].

Pharmacogenomic and Cardiovascular Diseases

Pharmacogenomic approaches have emerged as a promising tool 
for the treatment of cardiovascular diseases (CVD), with the potential 
to improve medication efficacy and reduce adverse drug reactions in 
patients with CVD. Pharmacogenomics uses genetic information to 
tailor  medication regimens  to individual patients, based on their 
genetic makeup. In this review, we will discuss the latest advances in 
pharmacogenomic approaches for CVD treatment and their effects 
on patient outcomes [52].

Recent studies have shown that  pharmacogenomic 
approaches  can improve medication efficacy and reduce adverse 
drug reactions in patients with  CVD. For example, using a 
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pharmacogenomic approach to tailor  antiplatelet therapy  was 
associated with a reduced risk of  major adverse cardiovascular 
events  in patients undergoing percutaneous coronary intervention 
[53]. Another study showed that a pharmacogenomic approach 
to  warfarin dosing  was associated with a reduced risk of  bleeding 
events in patients with atrial fibrillation [54]. In both in vivo and in 
vitro models of ischemic stroke, MLIF facilitated the transformation 
of microglia into the M2 phenotype. The therapeutic effects of 
MLIF were mediated by targeting eEF1A1 through the involvement 
of the NF-κB signaling pathway [55].

Pharmacogenomic approaches have also been used to 
identify genetic variants associated with CVD risk and drug response. 
For example, a study genetic variant associated with increased risk 
of coronary artery disease and improved response to statin therapy 
[56]. Another study identified genetic variants associated with 
increased risk of heart failure and improved response to beta-blocker 
therapy [57]. Some studies suggested that to implement precision 
nutrition for CVD prevention [58], three essential elements need to be 
established: (1) development of data validation standards and clinical 
practice guidelines, (2) establishment of a certified training program, 
and (3) integration into the healthcare system. The first element 
involves creating  validated databases  to establish clinical practice 
guidelines for different gene-diet interactions. The second element 
involves developing a certified training program in precision 
nutrition for nutritionists and physicians. Finally, precision nutrition 
for the prevention of CVD must be integrated into the healthcare 
system to make it accessible to all individuals [59]. 

The implementation of pharmacogenomics (PGx)-testing in 
healthcare systems is often met with concerns about its practicality 
and impact on system performance [60]. However, a pilot analysis 
showed that PGx-testing is feasible and revealed high frequencies 
of patients receiving  suboptimal drug regimens  who may benefit 
from PGx testing. These findings highlight the importance of 
conducting explorative analysis, optimization, and troubleshooting 
exercises  before introducing PGx-implementation initiatives. Such 
exercises could help alleviate concerns and provide favorable evidence 
for practitioners who may be hesitant to adopt PGx-testing [61].

Limitations of pharmacogenomics in cardiovascular diseases

Pharmacogenomics is a promising field that aims to tailor 
drug therapy to an individual’s genetic makeup. However, there 
are several limitations to its application in cardiovascular diseases. 
One of the main challenges is the complexity of the genetic basis 
of these diseases. Cardiovascular diseases are multifactorial, meaning 
that they result from a combination of genetic and environmental 
factors. Identifying the genetic variants that contribute to disease 
susceptibility and drug response is therefore a difficult task [62].

Another limitation is the lack of validated biomarkers. 
Biomarkers are measurable indicators of disease or drug response, 
and they play a critical role in identifying patients who are likely to 
benefit from pharmacogenomic testing. However, there are currently 
few validated biomarkers for cardiovascular diseases, which limits the 
clinical utility of pharmacogenomics [63].

Finally, the limited availability of pharmacogenomic testing is a 
major barrier to its widespread adoption in clinical practice. While 
the cost of genetic testing has decreased over the years, it is still 
relatively expensive, and many healthcare providers lack the expertise 
to interpret genetic test results [64].

Challenges in translating pharmacogenomics into clinical 
practice for cardiovascular diseases

One of the main challenges in translating pharmacogenomics 
into clinical practice for cardiovascular diseases is the lack of 
evidence-based guidelines for using genetic information to guide 
drug therapy. While there are some pharmacogenomic tests that 
have been approved by regulatory agencies such as the FDA, there 
are still many unanswered questions about how best to use genetic 
information to tailor drug therapy [65].

Another challenge is the need for improved education 
and training of healthcare providers. Many physicians lack the 
knowledge and skills needed to interpret genetic test results and 
incorporate them into clinical decision-making. This highlights the 
need for increased education and training programs to ensure that 
healthcare providers are equipped with the necessary skills to use 
pharmacogenomics in clinical practice [66].

Finally, there are also challenges related to data privacy and 
security. Genetic information is highly sensitive, and there are 
concerns about how it will be used and protected. It is important 
to establish clear policies and regulations around the use of genetic 
information to ensure that patient privacy is protected [67].

Role of pharmacogenomics in identifying patients at risk for 
adverse drug reactions in cardiovascular diseases

Pharmacogenomics can play a critical role in identifying patients 
who are at risk for adverse drug reactions in cardiovascular diseases 
[68]. Adverse drug reactions are a major cause of morbidity and 
mortality, and they often result from genetic factors that influence 
drug metabolism or response. By identifying genetic variants that 
affect drug metabolism or response, pharmacogenomic testing can 
help clinicians identify patients who are at increased risk for adverse 
drug reactions. This can enable clinicians to adjust drug doses or 
switch to alternative therapies that are less likely to cause adverse 
reactions [69].

Ethical considerations surrounding the use of 
pharmacogenomics in cardiovascular diseases

There are several ethical considerations surrounding the use 
of pharmacogenomics in cardiovascular diseases. One of the main 
concerns is the potential for genetic discrimination. Genetic 
information can be used to discriminate against individuals in 
employment, insurance, and other areas of life [70]. It is important 
to establish clear policies and regulations around the use of genetic 
information to prevent discrimination [71].

Another ethical concern is related to informed consent. Patients 
have the right to know how their genetic information will be used 
and who will have access to it. It is important to ensure that patients 
are fully informed about the risks and benefits of pharmacogenomic 
testing and that they provide informed consent before undergoing 
testing [72].

Finally, there are also concerns about access and equity. 
Pharmacogenomic testing is expensive, and it may not be accessible 
to all patients. This raises questions about whether access to 
pharmacogenomic testing should be considered a basic right, and 
how we can ensure that all patients have access to this technology 
regardless of their socioeconomic status [73].
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Prevention and Management of Cardiovascular 
Diseases

Cardiovascular diseases (CVDs) are a leading cause of morbidity 
and mortality worldwide. Fortunately, many CVDs can be 
prevented or managed through lifestyle modifications and medical 
interventions. Here are some strategies for preventing and managing 
CVDs:

•	 Healthy lifestyle habits: Adopting healthy lifestyle habits 
such as regular exercise, a balanced diet, and avoiding smoking can 
help prevent CVDs. Exercise can improve cardiovascular health by 
reducing blood pressure and cholesterol levels, while a balanced diet 
can help maintain a healthy weight and reduce the risk of developing 
diabetes and other metabolic disorders [74].

•	 Medical interventions: Several medical interventions can 
help prevent or manage CVDs. These include medications such as 
statins to lower cholesterol levels, anti-hypertensive drugs to control 
blood pressure, and antiplatelet agents to prevent blood clots [75]. 
In some cases, surgical interventions such as coronary artery bypass 
surgery or angioplasty may be necessary to restore blood flow to the 
heart [76].

•	 Screening and early detection: Regular screening for 
CVD risk factors such as high blood pressure, high cholesterol levels, 
and diabetes can help identify individuals who are at risk for CVDs 
[77]. Early detection of CVDs can allow for earlier intervention and 
better outcomes [78].

•	 Patient education and self-management: Educating 
patients about their risk factors for CVDs and how to manage them 
can help prevent or manage CVDs. This includes teaching patients 
about healthy lifestyle habits, medication adherence, and recognizing 
symptoms of CVDs such as chest pain or shortness of breath [79].

•	 Multidisciplinary care: CVDs often require a 
multidisciplinary approach to care, involving healthcare providers 
from multiple disciplines such as cardiology, endocrinology, and 
nutrition. Collaboration between healthcare providers can help 
ensure that patients receive comprehensive care that addresses all 
aspects of their condition [80].

Overall, preventing and managing CVDs requires a 
comprehensive approach that involves lifestyle modifications, medical 
interventions, screening and early detection, patient education and 
self-management, and multidisciplinary care. By implementing 
these strategies, we can reduce the burden of CVDs and improve the 
health outcomes of individuals with these conditions.

Telemedicine and Cardiovascular Diseases

Telemedicine refers to the use of technology to deliver healthcare 
services remotely. Telemedicine has shown great promise in the 
field of  CVD, particularly in improving access to care, reducing 
healthcare costs, and improving patient outcomes [81]. Some of the 
ways telemedicine is being used in the field of CVD research and 
clinical practice include:

1.	 Remote monitoring: Telemedicine can be used to 
remotely monitor patients with CVD, such as those with heart 
failure or arrhythmias. This can help clinicians detect changes in a 
patient’s condition early and adjust treatment plans accordingly [82].

2.	 Teleconsultations: Teleconsultations can be used to 

provide  remote consultations  with CVD specialists, particularly 
for patients in remote or underserved areas. This can help improve 
access to care and reduce the burden on healthcare systems [83].

3.	 Tele-rehabilitation: Tele-rehabilitation can be used to 
provide remote rehabilitation services to patients with CVD, such as 
those recovering from a heart attack or stroke. This can help improve 
patient outcomes and reduce healthcare costs [84].

4.	 Patient education: Telemedicine can be used to provide 
patient education and support for self-management of CVD, such as 
through virtual coaching or online resources [85].

Telemedicine has the potential to provide a new care model for 
adults with congenital heart disease (ACHD) who are at high risk of 
repeated hospital admissions. The essential elements of this model 
include personalized ACHD care with patient and family education, 
quick access to ACHD databases with  automatic notifications  for 
specific actions, close monitoring of hemodynamic parameters on a 
daily basis, continuous phone and video communication, the ability 
to go to the ACHD hub directly from home in case of instability, 
and timely catheter interventions and surgery. This care model can 
provide highly specialized care for ACHD patients while also taking 
into account their quality of life. There is a need to improve the care 
of these complex patients, and telemedicine may represent a way to 
achieve this goal [86]. 

Telemedicine has the potential to revolutionize the field of 
cardiovascular disease by improving patient outcomes and increasing 
access to care. Recent studies have demonstrated its effectiveness in 
reducing hospitalizations and  improving outcomes  in heart failure 
patients, as well as reducing  cardiovascular risk factors  in patients 
with CVD. However, there are challenges that need to be addressed, 
including ensuring the quality and safety of  telemedicine services, 
protecting patient privacy, and integrating telemedicine into clinical 
workflows. Nevertheless, telemedicine is an exciting and rapidly 
evolving field in  CVD research  and clinical practice.  Integrated 
assistance, including the use of AI for monitoring vital signs, could 
enable continuous care and a patient-tailored care model. AI could 
also assist with diagnosis,  personalized therapies,  appointment 
reminders, and improving adherence to medications (Figure 1) [87].

Herbal and Traditional Medicine for Cardiovascular 
Diseases

Herbal and traditional medicine have been used for centuries to 
treat and prevent various diseases, including cardiovascular diseases 
[88]. These remedies are often derived from plants, minerals, or 
animal products and are considered to have fewer side effects than 
conventional medications [89-92]. One example of an herbal 
remedy for cardiovascular disease is garlic. Garlic has been shown to 
have cholesterol-lowering effects and can help reduce blood pressure. 
Another example is hawthorn, which has been used to treat heart 
failure and angina [93].

Traditional Chinese medicine also offers remedies for 
cardiovascular diseases, such as ginseng, which has been shown to 
improve heart function and reduce inflammation. Acupuncture is 
another traditional Chinese medicine practice that has been used to 
treat hypertension and other cardiovascular conditions [94].

While herbal and traditional medicine can be beneficial, it is 
important to consult with a healthcare professional before using any 
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new remedies, especially if you are taking prescription medications 
or have underlying health conditions [95].

Furthermore, some herbs and supplements can interact with 
prescription medications, which can cause adverse effects. For 
instance, Ginkgo biloba, which is commonly used to improve 
memory and cognitive function, can interfere with blood-thinning 
medications, leading to bleeding problems [96].

It is worth noting that herbal and traditional remedies are not 
regulated by the FDA in the same way that prescription medications 
are [97]. Therefore, the quality and purity of these products may 
vary widely. Some products may contain harmful substances or 
contaminants, which can be dangerous to health. In conclusion, 
herbal and traditional medicine can be valuable in preventing and 
treating cardiovascular diseases [98]. 

AI and Cardiovascular Diseases

AI has continued to gain momentum in the field of cardiovascular 
medicine and is being applied in various ways to improve CVD 
diagnosis, prevention, and management [99]. AI has the potential to 
revolutionize cardiovascular medicine by enabling more precise risk 
prediction, earlier detection of disease, and personalized treatment 
strategies [100-104]. Some of the ways AI is being used in the field 
of CVD research and clinical practice include:

•	 Risk prediction:  AI algorithms  can analyze large 
amounts of patient data, including medical records, imaging studies, 
and genetic information, to identify patterns and predict a patient’s 
risk of developing CVD [105]. This can help clinicians tailor 
prevention and treatment strategies to individual patients [88].

•	 Image analysis: AI can analyze medical images, such as 
cardiac ultrasound or MRI scans, to detect subtle changes that may 
be indicative of CVD. This can help clinicians make more accurate 
diagnoses and monitor disease progression [106].

•	 Drug discovery: AI can be used to identify new drug 
targets and develop more effective treatments for CVD [107]. By 
analyzing large datasets of genetic and  molecular information, AI 
algorithms can help researchers identify novel pathways and drug 
candidates that may not have been discovered through traditional 
methods [108].

•	 Virtual assistants: AI-powered virtual assistants can help 
patients manage their CVD by providing personalized advice and 
support. For example, a virtual assistant may remind patients to take 
their medication, track their physical activity, or provide  dietary 
recommendations [109].

Recent studies have shown promising results for the use of AI in 
CVD. For example, an AI algorithm could predict the risk of heart 
attack  or stroke in patients with no history of CVD with greater 
accuracy than traditional risk factors [93]. Additionally, it could 
predict the risk of heart failure hospitalization in patients with heart 
failure with preserved ejection fraction (Figure 2) [110].

The existing literature showed that  several developments 
were underway in applying AI and other innovative approaches 
in diagnosing, treating, and managing cardiovascular diseases. 
These  recent developments come with some advantages and 
disadvantages. The advantages are that AI can quickly analyze vast 
amounts of medical data, aiding in the early detection of cardiovascular 
issues before symptoms manifest. AI allows personalized treatment 

 

Figure 1. (a) Future direction in Adult Congenital Heart Disease assistance. (b) Central illustration [87].

Citation: Addissouky TA, El Tantawy El Sayed I, Ali MMA, Alubiady MHS, Wang Y. Recent developments in the diagnosis, treatment, and management 
of cardiovascular diseases through artificial intelligence and other innovative approaches. J Biomed Res. 2024;5(1):29-40.



35J Biomed Res. 2024;5(1):29-40.

plans by considering individual patient data, genetics, and other 
factors, leading to more targeted and effective interventions. AI-
enhanced imaging technologies provide more accurate and detailed 
diagnostic information, enabling better-informed decision-making 
by healthcare professionals. Predictive AI modeling helps identify 
patients at a higher risk of developing cardiovascular diseases, 
allowing for proactive and preventative measures.

The disadvantages are that AI involves handling sensitive patient 
data, raising concerns about data security, privacy breaches, and the 
potential misuse of health information. The regulatory framework for 
AI applications in healthcare is still evolving, leading to uncertainties 
about standardization, compliance, and ethical considerations. 
Integrating AI technologies into existing healthcare systems can 
be challenging, requiring significant investments in infrastructure, 
training, and interoperability. AI algorithms may be biased, leading 
to disparities in diagnosis and treatment. Generalization of AI 
models across diverse populations can be a challenge. Overreliance 
on AI may lead to reduced clinical judgment and human intuition, 
potentially impacting the quality of patient care. As technology 
advances, ongoing research, and collaboration between healthcare 
professionals. Overall, the use of AI in CVD research and clinical 
practice is an exciting and rapidly evolving field that has the potential 
to improve patient outcomes and advance our understanding of 
these complex diseases. However, there are also challenges that 
need to be addressed, such as ensuring the accuracy and reliability 
of AI algorithms, protecting  patient privacy, and integrating AI 
into clinical workflows in a meaningful way [111-115].

The limitations of AI

While AI has shown great promise in the field of cardiovascular 
disease (CVD) diagnosis, there are also several limitations to its use 
[116]. Some of these limitations include:

1)	 Limited data:  AI algorithms  require large amounts of 
high-quality data to be trained effectively. However, in some cases, 
there may not be enough data available to develop accurate models, 
particularly for rare or complex diseases [117].

2)	 Bias in data: AI algorithms can be biased if the data used 
to train them is not representative of the population being studied. 
For example, if the data used to train an algorithm is predominantly 
from one ethnicity or gender, the algorithm may not perform well 
on patients from other ethnicities or genders [118].

3)	 Lack of interpretability: Some AI models may be difficult 
to interpret, making it challenging to understand how they arrived 
at a particular diagnosis or prediction. This can make it difficult for 
clinicians to trust and use AI in their practice [119].

4)	 Limited clinical validation: Many AI models have been 
developed and tested in  research settings, but they have not been 
sufficiently validated in real-world clinical practice. This means that 
their performance in clinical settings may be significantly different 
from what was observed in the research setting [120].

5)	 Cost and infrastructure: Implementing AI in clinical 
practice can be expensive, requiring significant resources and 
infrastructure. This can be a barrier to its widespread adoption, 
particularly in lower-resource settings [121].

Overall, while AI has great potential to improve CVD diagnosis, 
there are several limitations that need to be addressed before it can 
be widely adopted in clinical practice. Clinicians and researchers 
need to work together to ensure that AI is used in a responsible and 
effective way that benefits patients.

Conclusion

Novel biomarkers and imaging modalities have improved early 

Figure 2. Outline of the training process of an AI system [110].
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detection and risk stratification. Advances in pharmacogenomics, 
gene therapy, cell therapy, and AI offer promising opportunities 
to develop personalized therapies and improve patient outcomes. 
However, challenges remain in validating biomarkers, making 
advanced technologies accessible, and integrating new approaches 
into clinical practice. Addressing these challenges through 
multidisciplinary collaboration and additional research will be key 
to reducing the global burden of cardiovascular diseases. 

Recommendations

Further research is needed to validate emerging biomarkers 
and imaging techniques, determine their cost-effectiveness, and 
promote their integration into clinical guidelines and practice. 
More high-quality clinical trials should evaluate the real-world 
efficacy of novel therapies like gene therapy, cell therapy, and AI. 
Health policies and interventions must focus on making advanced 
technologies more equitably accessible. Medical education should 
incorporate training in new modalities and precision medicine 
approaches. Multidisciplinary teams including geneticists, data 
scientists, and clinicians should collaborate to elucidate the 
complex pathophysiology of cardiovascular diseases and translate 
research innovations into patient care. A patient-centered approach 
considering socioeconomic status, mental health, and quality of life 
should guide efforts to prevent and manage cardiovascular diseases.
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