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Summary of the Position of the American Heart Association 

The American Heart Association supports extensive research, which includes funding for studies that enroll 

diverse patient populations in the validation and clinical utility of novel blood-based biomarkers, as well as 

standardized biomarker testing and validation protocols. Furthermore, the Association supports policies that 

ensure equitable access to those novel blood-based biomarkers that meet the standards for use in clinical 

practice, including addressing coverage by health insurance providers, reducing disparities in healthcare access, 

and making novel biomarkers available to all who would benefit as a standard of care. The use of novel 

biomarkers in clinical practice can be equity-enhancing if they are available by providing early diagnoses, 

allowing for preventive as well as early curative treatment.  The American Heart Association supports public 

policies that fund robust research for validation and cost-effectiveness, equitable access to these novel 

cardiovascular disease and stroke blood-based biomarkers in the context of clinical care, patient and professional 

education, and data security to optimize the benefits of novel biomarker use in patient care and clinical research. 

Introduction  

Cardiovascular disease (CVD) and stroke are leading causes of mortality and morbidity worldwide. Early 

detection and risk stratification are crucial in preventing and managing these conditions effectively. The use of 

biomarkers has transformed cardiovascular medicine and stroke care. Though blood-based biomarkers are 

widely used in CVD care, despite the significant burden of stroke, blood-based biomarkers are not generally used 

for diagnosis or prognosis in stroke clinical practice.1 The reason for this is there is no blood-based biomarker 

with high enough specificity to provide accurate diagnosis of ischemic stroke.2,3 Because CVD remains a leading 

cause of death and stroke is a leading cause of disability, there continues to be an effort to develop novel blood-

based biomarkers that are more accurate.4 This continued effort has led to a large number of potential 

biomarkers that have extended beyond research and medical practice to areas of product development, 

nutrition, and even environmental policy.5 Novel blood-based biomarkers have shown promise in improving risk 

assessment, diagnosis, and treatment outcomes in CVD and stroke care, as well as increased equity in the care 

and management of CVD and stroke. With the growing number of CVD and stroke biomarkers, it is critically 

important to ensure novel blood-based biomarkers have a strong evidence-base and are meeting scientific and 

clinical needs5 as the American Heart Association develops a public policy position for any potential engagement 

in this space.   

A biomarker is a measurable indicator of biological processes, pathogenic processes, or responses to 

interventions, obtained through various methods like molecular, histologic, radiographic, or physiologic 

characteristics.5,6 While encompassing a wide range of indices, including imaging techniques, biomarkers are 

commonly associated with measurements of substances in peripheral blood, such as proteins, peptides, and 
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hormones.7 A biomarker is considered ‘novel’ when it is a new discovery or identification, that offers the 

potential to improve diagnostic accuracy, prognosis, or monitoring capabilities over established biomarkers. In 

the biomarker field, the term ‘novel’ is commonly associated with technological advancements that allow 

genomic, transcriptomic, and metabolomic analysis.8,9 ‘Novelty’ can also be related to previously unknown 

molecules and advancements in detecting and measuring biomarkers.8 Another potential way biomarkers can be 

novel, is when they are combined into biomarker panels. A biomarker panel is a group of markers that reflect 

different pathophysiological processes of a disease and can be particularly important when the disease or 

disease process is complex and/or heterogenic.10 For some biomarker panels, the results could be used to create 

a ‘score’ that then risk-stratifies the individual,11 or a machine learning classifier/algorithm that can be applied 

for classification or prediction.12 Policy considerations for novel CVD and stroke biomarkers involve interactions 

between science, ethics, economic, regulatory, and healthcare delivery factors.5,13 Some important policy 

considerations for integration into clinical practice include, robust scientific validity and clinical utility, addressing 

ethical and privacy concerns, regulatory approval by the U.S. Food and Drug Administration and continued 

oversight, integration into clinical guidelines, insurance coverage and cost-effectiveness, and equitable access for 

all patients.5,6,14 As the definition implies, there are a number of types of biomarkers, with imaging biomarkers 

increasing in number. However, for this review the focus will be on those biomarkers that can be 

derived/measured from blood samples (blood-based biomarkers) in adult populations. In addition, a direction 

that is still relatively unexplored, involves a combination of different types of biomarkers. For example, 

combining imaging and molecular blood biomarkers, or different types of molecular biomarkers (e.g. genomic 

and transcriptomic biomarkers).12,15,16 

The purpose of this review is to inform a policy statement of the American Heart Association regarding 

the public policy considerations of novel CVD and stroke blood biomarkers for adults. The scope of this review is 

to explore the literature surrounding the public policy issues of novel cardiovascular and stroke blood 

biomarkers. Particularly, this review focuses on the key factors that have been proposed that make novel 

biomarkers appropriate for integration into adult clinical practice and the associated public policy issues, 

including equity considerations, reimbursement, and affordability.  
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Methods                                                                                                                                                                                      

For this review there are two specific questions that were 

addressed: (1) What are the key factors that make novel 

biomarkers appropriate for integration into clinical 

practice? (2) What are the public policy issues related to 

cardiovascular disease and stroke biomarkers? To answer 

these questions Pubmed, ProQuest, and GoogleScholar 

databases were searched using keywords and MeSH 

terms (Pubmed only) including novel cardiovascular 

biomarkers, novel stroke biomarkers, validation, clinical 

practice, insurance, healthcare reimbursement, policy, 

regulation, and legislation. For Pubmed and ProQuest, the 

search was limited to 5 years and English language. For 

GoogleScholar, where exclusion for language was not an 

option, the search was limited to 5 years and records not 

available in English were manually confirmed and 

excluded (n=38, see Figure 1). 

 

 See Figure 1 for the results of the screening 

process. Once the search of each database was                             

completed, duplicates were removed. Titles and abstracts 

were screened for inclusion/exclusion, then full papers were sought and screened for inclusion/exclusion on the 

remaining records. The inclusion criteria included records that were written in English, published or published-

ahead-of-print between January 2018 and November 2023. Criteria for exclusion included those that were not 

generalizable to US health policy or practice, not related to one of the two primary questions, or were editorials, 

letter-to-editors, or commentaries. There were 66 articles included in the review.  

Key Findings 

What are the key factors that make novel biomarkers appropriate for integration into clinical practice? 

There were 61 articles that were identified and included in this review that described key factors that are needed 

for novel biomarkers to be integrated into clinical practice (see Appendix A for a summary of the conclusions and 

recommendations from each of the articles). There were five primary categories of factors that were identified 

through this review (summarized in Table 1): (1) accessibility, (2) informational value, (3) validation aspects, (4) 

performance characteristics, and (5) decision-making support. The accessibility of a biomarker characterizes the 

cost-effectiveness, ease of use (easy to collect, analyze, and interpret), time involved collecting, analyzing, and 

receiving results, and would also include the ability to be performed at bedside if needed. Informational value 

relates to the ability of the biomarker to provide information not otherwise available. Validation aspects relate to 

how the biomarker was validated and considers other factors such as reliability. Performance characteristics 

relate to how well the biomarker discriminates between those with the disease versus those who do not have it, 

those who are at higher risk from those at lower risk or to distinguish prognostic categories. Lastly, decision-

making support addresses the need for the biomarker to provide objective information that supports clinical 

decision-making, and provides clear clinical utility (risk stratification, diagnosis, prognosis, disease management, 

etc.) with demonstrated effective clinical outcome.  

 
Adapted From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated 

guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71 
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These characteristics appear to be of key concern for integrating novel biomarkers into clinical practice. 

Though how much importance each of these factors have in influencing integration into clinical practice might be 

influenced by the intended use of the biomarker (risk factor, diagnosis, prognosis, disease management, etc.), 

analysis of the findings did not yield differences in this regard. This may be due to many of the articles having 

interest in defining characteristics for multiple intended uses and considering several novel biomarkers, both 

limiting the ability to make this discernment. However, there may be some prioritization of factors (based on 

frequency of mentions) whether cardiovascular disease (all forms) or stroke was the disease in question. In both 

disease categories, accessibility had the most mentions and decision-making support had the fewest. 

Performance characteristics were more dominant in stroke-related papers (second-most mentions) than in the 

CVD-related papers (third-most mentions). For stroke-related papers, following performance characteristics, 

were validation aspects, informational value, and decision-making support. For the CVD-related papers, the 

order was accessibility, informational value, performance characteristics, validation aspects, and decision-making 

support.   

1) Accessibility: 46 articles identified cost, ease, and/or timeliness of results as important factors for novel 

biomarkers to be integrated into clinical practice. Firstly, cost and cost-effectiveness are crucial factors as 

these biomarkers must offer added value compared to existing markers and be affordable for routine 

use.1,3,7,12,15-39 Assessing the cost-effectiveness of novel biomarkers is crucial. There is a need for robust 

research of the cost-effectiveness of novel biomarkers to understand and quantify the affordability of 

implementing into clinical practice.18 Secondly, ease of use and patient acceptance are vital for 

widespread adoption, meaning biomarkers should be simple to measure, interpret, (relatively) non-

invasive, and convenient for patients.1,2,7,12,15,16,18-20,24,26,27,30,32,33,36,38,40-50 Lastly, rapid test results are 

essential for timely decision-making in clinical practice. Biomarkers providing quick and accurate results 

can greatly impact patient management, especially in acute or time-sensitive 

situations.2,7,12,17,21,26,27,31,32,34,36,43,48,51-55 Therefore, considering these characteristics, it is important to 

choose novel biomarkers that demonstrate favorable cost-effectiveness, user-friendliness, and rapid 

testing capabilities to ensure successful integration into clinical practice. 

 

2) Informational Value: 37 articles identified informational value gained from the biomarker as important 

for integration into clinical practice. Novel biomarkers play a crucial role in clinical practice when they 

can provide independent new information about a disease or its prognosis that is not available through 

traditional risk factors or existing biomarkers.7,12,16-22,24,25,27,31-36,40,42,47-49,51,52,55-61  This unique characteristic 

allows for a more comprehensive understanding of disease pathophysiology and risk assessment.31-

33,39,46,51,55,56,59 These biomarkers need to be objectively measured and should ideally predict important 

clinical outcomes or provide information about the response to therapeutic 

interventions.18,31,32,34,37,39,49,62 Furthermore, novel biomarkers should add valuable information not 

captured by traditional risk scores, thus enhancing risk stratification and guiding clinical decision-making 

in cardiovascular medicine.7,32,51 In summary, the ability of novel biomarkers to provide independent new 

information about a disease or its prognosis, which is not available through traditional risk factors or 

existing biomarkers, is a fundamental characteristic necessary for their successful integration into clinical 

practice. 

 

3) Validation Aspects: 35 articles identified validation aspects as important factors for uptake into clinical 

practice. It's indeed crucial to rigorously validate novel biomarkers before their adoption into clinical 

practice. Evidence for a many of the novel biomarkers is based on retrospective, observational cohorts 
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and prospective validation is still needed.7 Additionally, a systematic approach in biomarker discovery 

and validation is essential for the successful integration of novel biomarkers into routine clinical 

practice,19,34 and the validation for novel biomarkers requires the research to be representative of at-risk 

populations.18,23,29,54 There is global, regional, and national burden of cardiovascular diseases, which 

highlights the vast diversity and complexity of these conditions.3,18,39,47,54,58,63 It is essential to validate the 

clinical utility of these novel biomarkers through robust large-scale studies across diverse populations to 

ensure their reproducibility and generalizability.1,3,18,22-24,27,39,41,43,56,64-66 Biomarker validation should 

involve validation in independent populations and different subsets of populations.19,34,50 Furthermore, 

the U.S. Food and Drug Administration emphasizes the need for well-characterized study populations 

with a wide age range for biomarker validation. Also, there is a need for further larger collaborative 

studies for biomarker discovery and validation based on standardized protocols for sample collection and 

processing, and data analysis.3,12,18,20,22,27,44,47-49,54-57,61,62 This ensures that the biomarker performs 

consistently across diverse demographic and clinical groups. Public policies should support research 

initiatives that establish the clinical utility and accuracy of these biomarkers across racial/ethnic diverse 

populations,7,19,21,24,27,35,39,43,58 and for research for sex-specific, race/ethnicity-specific, and clinical 

subgroup-specific biomarkers if needed for higher performance. 

Standardization of methods, assays, and analysis plays a crucial role in validating novel 

biomarkers by ensuring the accuracy and reproducibility of results. Standardization is critical to address 

sources of variability in the pre-analytical and analytical stages of biomarker assessment.3,32 

Standardization helps mitigate influences from factors like sample storage conditions, type of biological 

sample, and assay design, thereby enhancing the reliability of biomarker measurements.3,32 Additionally, 

the adoption of standard methodologies in data acquisition, such as those related to sample processing, 

RNA extraction, and miRNA measurement platforms, contributes to the robustness and reliability of 

biomarker analysis.62 Moreover, the public disclosure of crucial details, including reagent catalog and 

batch numbers, computational codes and programs, and data processing parameters, promotes 

transparency and reproducibility in biomarker research.21,61 By adhering to standardized methods and 

assays, researchers can foster consistency in biomarker measurements and enhance the comparability of 

results across different studies and laboratories. This not only facilitates the validation of novel 

biomarkers but also reinforces their potential for clinical applicability and translational relevance. 

Therefore, standardization serves as a cornerstone in establishing the validity and utility of novel 

biomarkers, laying the foundation for their successful implementation in clinical practice. 

 

4) Performance Characteristics: 44 articles identified various performance characteristics that should be 

considered when integrating novel biomarkers into clinical practice. The performance of a biomarker can 

be defined based on its ability to discriminate and classify disease risk or prognosis, diagnose disease, 

and identify the etiology of disease.1,2,7,31-34,39,42,46,48,54,56,61,62,64,67,68 Discriminating and classifying disease 

risk or prognosis involves assessing the biomarker's ability to predict the likelihood of developing a 

disease or the likely course of an existing condition.1,7,31,34,37,39,51-53,62 The diagnostic performance assesses 

the biomarker's capability to differentiate between individuals with and without a specific 

disease.31,32,34,38,53,59 Finally, identifying the etiology of disease evaluates how well the biomarker can 

provide information about the underlying cause or origin of the disease.18,22,29,33,36,39,44,55 Whether for 

risk, prognosis, or diagnosis biomarkers need to have clearly defined cut-off and/or reference values in 

order to be effectively utilized in clinical practice.20,21,28,43,48,50,53,54,69 Key statistical tools such as sensitivity, 
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specificity, and area under the curve analysis are important performance elements are important 

elements that are needed to demonstrate a biomarker’s performance.1,3,12,18,27,28,41,42,45,47,51-54,56,57,62-64,67 

 

5) Decision-Making Support: 40 articles identified the need for novel biomarkers to aid and/or improve 

decision-making for implementation into clinical practice. Novel biomarkers should play a crucial role in 

supporting clinical decision-making,3,7,15-17,19-21,24-26,30-36,38,39,43,46-48,50,53,55,57-60,62,64,66,69,70 especially in the 

context of personalized medicine.22,37,40,52 They provide valuable information that can guide healthcare 

clinicians in making more informed treatment decisions for their patients.22,32,52 The use of biomarkers as 

predictive, prognostic, and therapeutic tools can help in identifying individuals who are more likely to 

respond to a specific therapy, thus improving personalized treatment approaches.7,43,52 Furthermore, the 

accurate and reliable measurement of biomarkers is essential for their clinical and public health 

utility.7,21,32,33,35,36,39,47 An area of research focus should be to assess strategies for implementing novel 

biomarkers into clinical practice and public health to determine whether they help to optimize decision-

making and disease management.39 

Clinicians must be educated about the significance of these biomarkers and their potential 

impact on patient management, which requires ongoing training and updates on the latest 

advancements in biomarker research.34 Patient awareness of these novel biomarkers is equally 

important, as it can contribute to shared decision-making between patients and clinicians.21 Enhancing 

patients’ understanding of biomarkers can lead to improved adherence to treatment plans and better 

engagement in their healthcare journey. 

 

 

 

Table 1: Key Standards for Novel Biomarker Development and Integration into Public Policy 

Standard  Description 

Accessibility Must offer added value compared to existing markers and be affordable 
for routine use; should be simple to measure, interpret, (relatively) non-
invasive, and convenient for patients; and provide quick and accurate 
results. Point-of-care testing enhances accessibility. 

Informational Value Provide independent new information about a disease or its prognosis 
that is not available through traditional risk factors or existing biomarkers.  

Validation Aspects Essential to validate the clinical utility of these novel biomarkers through 
robust large-scale studies across diverse populations to ensure their 
reproducibility and generalizability 

Performance Characteristics A biomarker's ability to discriminate and classify disease risk or prognosis, 
diagnose disease, and/or identify the etiology of disease. 

Decision-Making Support Provide valuable information that can guide clinicians in making more 
informed treatment decisions for their patients. 

 

It is very difficult for biomarkers to reach these standards. Even very well-established biomarkers 

sometimes do not meet all these criteria.51 Several of the articles also promoted the use of multi-marker or 

biomarker panel approaches to address these factors.7,15,21,23,26,27,31,32,34,39,44,47,49,50,53,57,65,66  A multi-biomarker 

approach might grant broader information across different pathophysiologic pathways, which in turn might be 
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helpful for the daily clinical management of clinical conditions.15 Nevertheless, novel biomarker panels, as a 

whole panel, should meet the key standards described in this section.  

What are the public policy concerns for cardiovascular disease and stroke biomarkers? 

There were 14 articles reviewed that were identified as highlighting the potential public policy concerns for 

cardiovascular and stroke biomarkers (see Appendix B for a summary of the conclusions and recommendations 

from each of the articles). From this literature there were several public policy concerns that arose, including 

validity and reliability, regulatory and legal considerations, economic feasibility, equity, collaborative 

development pathways, and ethical considerations.   

1) Validity and Reliability: Regulatory agencies should provide clear guidance for biomarker validation and 

approval processes.47 Ensuring the clinical validity and reliability of novel blood biomarkers is crucial. 

Numerous novel biomarkers are not translated into clinical practice due to inadequate appreciation of 

the performance characteristics and the rigor required to identify, test, and validate biomarkers.19 There 

is a need to emphasize more prospective studies to validate biomarkers for ischemic stroke.71 Without 

robust validation, there is a risk of misdiagnosis or inappropriate treatment plans.19,71 Regulatory 

agencies can provide crucial guidance for biomarker validation and approval through established 

processes and requirements.19 Regulation can further mandate clinical performance data, scientific 

validity reports, and benefit/risk analysis for regulatory approval.19 Regulatory guidance may include 

requirements to demonstrate the technical, preclinical, and clinical validation of the biomarker, stability 

of the biomarker, and clinical utility.19,47 Moreover, the accuracy, reproducibility, and standardized 

measurement are essential factors that may be emphasized within these regulatory guidelines.47 These 

processes are crucial in ensuring that novel biomarkers meet established standards for accuracy, 

validation, and clinical utility before approval and implementation.19,52 To achieve successful navigation 

of these regulatory pathways, collaboration and communication among researchers, regulatory bodies, 

industry stakeholders, and clinicians are vital, as they play significant roles in driving standards and 

improvements in biomarker research and implementation.19,52 

 

2) Regulatory and Legal Considerations: The legal framework surrounding biomarkers could be better 

defined to facilitate innovation through the establishment of clear guidelines for the qualification and 

utilization of new methodologies for specific uses. The evolving technologies in the fields of genomics, 

proteomics, and metabolomics pose unique challenges in the development, validation, and 

implementation of new cardiovascular biomarkers.19,72 The legal framework, including the complexities 

of patent laws, surrounding biomarkers needs to be clearly defined to facilitate innovation while 

protecting intellectual property rights.19,52 Frameworks for companion diagnostics, which are crucial for 

the use of medicinal products, are also a vital legal aspect that influences biomarker innovation.24 The 

regulatory field of drug development relies on several factors such as proof of concept, dose finding, and 

characterization of safety, among others, which determine the requirements for accepting a biomarker in 

this context.19 Moreover, legal considerations are integral in ensuring the standardization and traceability 

of biomarker measurements.47 This includes the establishment of reference methods and materials for 

the standardization of measurements, contributing to the reliability and comparability of biomarker 

data.72 There is a need to work toward establishing clear legal and regulatory frameworks for biomarker 

development and usage.24,47 This involves navigating patent laws and ensuring ethical standards are 

maintained in biomarker research and application. 
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3) Economic Feasibility: To comprehensively describe the economic factors related to novel biomarker 

implementation, several aspects can be considered, such as cost-effectiveness, development costs, 

reimbursement, and insurance coverage.19 Policies should support economic evaluations to determine 

the value of these biomarkers in improving patient outcomes.39 The commercialization pathway is 

integral to ensuring the translation of biomarkers into clinical practice, encompassing the establishment 

of standard protocols for assays, defining the market, and providing the service.52 Cost-effectiveness is a 

crucial element in the adoption of novel biomarkers, as their clinical utility and impact on patient 

outcomes need to justify the investment in their development and implementation.39,47 Reimbursement 

and insurance coverage play a significant role in the accessibility and utilization of novel biomarkers. New 

and potentially expensive biomarkers may not be immediately covered under standard insurance plans, 

restricting access for a substantial segment of the population.52 However, reimbursement policies should 

align with the clinical utility and cost-effectiveness data.39 Policymaking should focus on promoting cost-

effective alternatives to make these biomarkers widely accessible.39,52 Collaboration with health 

insurance plans and policymakers to advocate for the inclusion of those novel biomarkers that meet the 

recommendations above for adoption into clinical practice in insurance coverage. Also, work toward 

making these biomarkers affordable, possibly through subsidies or regulatory measures. 

 

4) Equity: A critical policy concern is ensuring equitable access to novel biomarkers for all populations. 

Disparities in healthcare access and outcomes based on race, ethnicity, socioeconomic status, and 

geographic location are well-documented. It is evident that implementing policies to promote affordable 

and widespread access to encourage diversity, including race/ethnicity, sex, socioeconomic status, and 

geographic region, during the development, validation, and implementation of novel biomarkers is 

crucial.56,61,71-74 There is a risk that these biomarkers might not be uniformly effective across different 

demographic groups, potentially exacerbating health disparities.71-75 Policies that could achieve this goal 

may include: encouraging diversity in clinical trials by ensuring representation of diverse populations 

based on race, ethnicity, sex, socioeconomic status, and geographic region to improve the 

generalizability of findings;19,52,61,71 developing and implementing policies that emphasize ethical 

considerations and regulatory guidelines to promote equity and equal access to novel biomarkers across 

diverse populations;19,61,72 implementing policies aimed at ensuring affordable access to novel 

biomarkers for diverse populations, including considerations for reimbursement, insurance coverage, 

and cost-effectiveness;19 and policies focused on education and awareness campaigns aimed at 

healthcare clinicians and patients regarding the importance of diversity in biomarker development and 

utilization.52 These are some high-level policy considerations that could be implemented to promote 

affordable and widespread access to encourage diversity during the development, validation, and 

implementation of novel cardiovascular and stroke biomarkers. In this way, novel biomarkers become 

equity-enhancing, allowing for early diagnosis and treatment. 

 

5) Collaborative Development Pathways: Biomarker development and implementation depend on 

collaborative efforts and must be founded on actionable, quantifiable clinical information.19,47 

Developing a clear pipeline linking scientific and industrial sectors is essential to ensure that these 

biomarkers are effectively incorporated into healthcare practices.20,52 The proposed collaborations 

required to effectively incorporate biomarkers into healthcare practice involve a multidisciplinary 

approach. In the context of cardiovascular medicine, the involvement of various interested parties is 

essential, and should include researchers, clinicians, industry partners, regulatory bodies, 
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community/patients, and clinicians.19,20,24,52 Promote collaboration between academia, industry, 

healthcare providers (including associated professional organizations and societies), and policy 

researchers.20,24 Such partnerships are crucial for the successful translation of biomarker research into 

clinical and public health practice. Scientific research plays a critical role in the discovery and validation 

of biomarkers, which emphasizes the importance of coordinated efforts in ensuring the clinical value of 

novel biomarkers is rigorously demonstrated in both clinical trials and real-life implementation.24,47 Policy 

makers also have a vital role in creating an environment conducive to biomarker development and 

implementation. In the context of cardiovascular health, regulatory bodies can address issues such as 

reimbursement, approval of companion diagnostics, and the establishment of guidelines for biomarker 

utilization.24,52 To effectively link the scientific, industrial, and policy sectors in biomarker development, it 

is essential to foster collaboration, knowledge sharing, and data-driven approaches. Advocate for 

continued investment in the research and development of biomarkers. This includes funding for 

technological innovations and scientific research to enhance the understanding and utility of biomarkers. 

 

6) Ethical Considerations: With the increasing use of biomarker data, protecting patient privacy is 

paramount. Public policies must establish robust data privacy and security regulations to safeguard 

sensitive health information.75 This includes guidelines on data sharing, informed consent, and 

encryption.24 Policies should emphasize the ethical considerations in biomarker research and usage, 

including informed consent, data privacy, and the responsible use of patient data.24,75 Though these 

aspects are important to protect everyone, those individuals who are vulnerable to stigma-based 

inequities may gain particular benefit.74,75 Furthermore, it is important to raise awareness among 

healthcare clinicians about discrimination and its impact on patient health, as well as the need for 

training efforts to reduce stigma in the healthcare setting to avoid perpetuating adverse experiences for 

patients.74,75  

Conclusion 

Novel CVD and stroke blood-based biomarkers could advance the prevention and treatment of these 

diseases, potentially revolutionizing patient care and public health strategies. However, there are thousands of 

blood-based biomarkers that have been developed and investigated, but only few have met standards to be used 

clinically in the diagnosis, prognosis and risk stratification of CVD in adults.51 Furthermore, the growing fields of 

individualized medicine and -omics technology (genomics, proteomics, and metabolomics) have ushered in many 

more potential measures of cardiometabolic risk that may improve disease risk assessment.56 Table 2, below, 

provides a summary of the key guidance from this review. Importantly, public policies should focus on validation, 

education, promoting equity, cost-effectiveness, and data security to maximize the potential benefits of these 

biomarkers for all populations. The American Heart Association supports public policies that fund robust 

research for validation and cost-effectiveness, equitable access to these novel biomarkers in the context of 

clinical care, patient and professional education, and data security to optimize the benefits of novel biomarker 

use in patient care and clinical research.  

 

Table 2: Key Guidance for the American Heart Association’s Public Policy Development of Novel Blood 
Cardiovascular and Stroke Biomarkers 

Guidance Description 
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Prioritize Novel Biomarker Research Encourage and support extensive research in the field of CVD 
and stroke biomarkers.  

Advocate for Testing and Validation 
Standardization 

Push for strict validation protocols and standardization of 
biomarker testing.  

Promote Collaborative Development 
Pathways 

Work to coordinated academics/science, industry, clinical 
experts, policy and regulatory bodies. 

Promote Equitable Access Develop policies that ensure equitable access to those novel 
biomarkers that meet the standards for use in clinical practice.  

Advocate for Ethical Practices Uphold high ethical standards in the development and 
application of biomarkers.  

Foster Public and Professional 
Education 

Implement initiatives to educate both the public and 
healthcare professionals about the benefits, limitations, and 
ethical considerations of biomarker use. 

Promote Continuous Monitoring and 
Evaluation 

Establish mechanisms for ongoing monitoring and evaluation 
of biomarker use in clinical settings. 
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Appendix A 

 
Summary of the conclusions and recommendations from each of the articles addressing the factors for the 
integration on novel blood biomarkers into clinical practice. 
 

Article Year Article 
Type 

CVD/Stroke Biomarker use Conclusions/Recommendations 

Naik, et al. 2023 Review Ischemic 
Stroke 

Diagnosis & Prognosis Cost-effective 

High sensitivity/Specificity/AUC 

NPV/PPV/Diagnostic Accuracy 

Accessibility (safety & comfort to collect sample) 

Generalizable 

Castro 2019 Review Heart Failure Diagnosis/Prognosis/Ma
nagement 

Have reasonable cost and completion time 

Provide information not yet available for clinical 
evaluation 

Must be useful in making medical decisions 

Sipos, et 
al. 

2021 Review CVD Diagnosis/Prognosis/Ma
nagement 

Reliability & Reproducibility 

Clinical Relevance 

Rapid Results 

https://doi.org/10.1016/j.neulet.2020.135098
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Saleh, et 
al. 

2022 Review CVD Diagnosis/Prognosis/Ma
nagement 

Personalized Assessment - phenotype/genetic 
predisposition 
Should provide greater predictive value than 
established tests or add to predictive value by 
improving sensitivity/specificity 

Useful for screening of conditions lacking such 
tools/practical to apply to an asymptomatic 
population 

Demonstrate improved outcomes (treatment 
guidance) 

Timely/Financially practical 

Ravassa, et 
al. 

2019 Review CVD Risk/Prognosis/Diagnosi
s/Management 

Reliable/Repeatable 

Standardized methodologies 

High Specificity/Sensitivity 

Easily interpretable 

Cost effective 

validated in independent populations 

Should add incremental information beyond 
traditional risk or disease factors 

Elliot, et 
al. 

2021 Other CVD risk/diagnosis/prognosis
/management 

Superiority over standard of care 

Meet defined clinical need 

Improve efficacy or safety of patient management 

Practical and scalable 

Reproducible 

Cost effective 

Easily accessible (e.g., blood or urine) 

Mayer, et 
al. 

2020 Other Vascular 
disease 

  Ease of use 

Standardized methodology 

Cost effective 

Incremental value additive to or over standard of 
care 

Clearly define reference values 

Improvement in clinical outcomes 

Salzano, et 
al. 

2019 Review Heart Failure Diagnosis/Prognosis/Ma
nagement 

Ideal should be suited for precision medicine 
approach 

Cost-effectiveness 

Clinical utility 

Widely available 

Serra, et 
al. 

2021 Review Cardiovascula
r Surgery 

Risk stratification Easily measurable 

Add new information 

Improve clinical management 

Cost effective 

Support patient-tailored strategies 

Salzano, et 
al. 

2021 Review Heart Failure Risk/Diagnosis/Prognosi
s/Management/Phenoty
ping 

Accurate and Repeatable 

Reasonable cost 

Timely 

Provide additional information, not already available 

Clear cut-offs 
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Support clinical decision making 

Wong & 
Tse 

2021 Review CVD Primary & Secondary 
Risk Stratification 

Cost effective 

Accurate and repeatable risk stratification 

Validated across populations (at large-scale) 

Optimize decision-making and therapeutic 
management 

Vea, et al. 2018 Review CVD Diagnosis/Prognosis Measurable in routine practice 

High accuracy & reproducibility 
Add new information not otherwise available 

Reasonable cost 

Standardized methodology & processes 

Validation across large, diverse population 

Badianyam
a, et al. 

2022 Review Heart Failure Treatment Cost-effective 

validated on diverse (racial/ethnic) populations 

Cardiac-specificity 

Tahir & 
Gerszten 

2020 Review Cardiometab
olic Disease 

Risk Prediction Standardization of methodologies 

Diverse cohorts 

external validation 

Demonstrate improved risk prediction over 
traditional markers 

High sensitivity/specificity (discrimination) 

Figtree, et 
al. 

2022 Review CAD Risk Prediction Ease of implementation/use 

clinic benefit 

cost-effectiveness 

Provide additive information to traditional risk 
scores 

Validated with diverse population 

Provide clear decision support 

Myhre, et 
al. 

2019 Review CVD Primary Prevention Cost effectiveness (Benefit>cost) 

Ease of measurement (Non-invasive & Safe) 

Positively impact clinical management/decision 
making 

Provide superior information to existing tests 

Li W, et al. 2022 Review Ischemic 
Stroke 

Stroke 
Differentiation/Treatme
nt 

Easily accessible (i.e., available in 'biofluids') 

High sensitivity/specificity 

Provide data not available otherwise 

Repeatable & verifiable 

Cost-effective 

Standardized methodologies (collection, processing, 
analysis) 

Omran, et 
al. 

2022 Review CVD Screening/diagnosis/pro
gnosis/treatment 

High specificity/sensitivity 

Clear clinical usefulness 

Clear advantage over established markers 

Standardized methodologies (including commercial 
availability) 

Zhao, et al. 2022 Meta-
Analysis 

Ischemic 
Stroke 

diagnosis Consistent results from studies 

Clear clinical applicability 
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High sensitivity/specificity/AUC (discrimination) 

Validation across diverse populations 

Ekkert, et 
al. 

2021 Review Ischemic 
Stroke 

Risk/Prevention Objective findings 

Consistent results 

Clear applicability in clinical practice 

Provide information above traditional markers 

Cost effective 

Wlodarczy
k, et al. 

2021 Review Stroke 
Recovery 

Recovery Safe and non-invasive 

Measurement repeatable 

Cost-effective 

Quick results 

Not interfering with applied therapies 

Stege, et 
al. 

2021 Review Genetic 
Cardiomyopat
hy 

Diagnosis/Management Provide clear clinical utility 

Clearly defined reference limits 

Strong predictive power 

Li X, et al. 2021 Case-
Control 
Study 

Ischemic 
Stroke 

diagnosis/prognosis Safe & non-invasive 

Objective results 

High sensitivity/specificity 

Validated in a diverse population 

Marcovecc
hio 

2020 Review Microvascular 
Damage 

Risk prediction/disease 
progression 

high sensitivity/specificity 

Replace or improve predictive power of established 
markers 

Accessible & easy collection 

Validated in two or more independent populations 

Standardized procedures 

Cost effective 

Chen, et 
al. 

2020 Cohort 
Study 

Ischemic 
Stroke 

diagnosis High specificity to support diagnosis 

Economical 

Simple 

Quick 

Montaner, 
et al. 

2020 Review Stroke diagnosis/prognosis/ma
nagement 

Standardized assays 

Support clinical decision making 

Cost effective 

High sensitivity/specificity 

Validation in large cohort (ethnic and geographical 
diversity) 

Kiyosawa, 
et al. 

2020 Cohort 
Study 

Atrial 
Fibrillation 

Prognosis/management Stable in body fluids (blood) 

Provide objective information for decision making in 
clinical practice 

Provide clear clinical value 

Standardization of methodologies (validation and 
analysis) 
Discriminate patients at high risk and/or suited for 
therapies (precision, accuracy, specificity, sensitivity) 

Leite, et al. 2020 Review Endothelial 
Dysfunction 

diagnosis/prognosis Representative of underlying disease 

Reproducible 

Useful to clinical judgment 
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Correlated with disease severity 

Quantified by simple and low-cost methods 

Vajpeyee, 
et al. 

2020 Cohort 
Study 

Ischemic 
Stroke 

Diagnosis/Prognosis Clear cut-point 

Accurate and high sensitivity/specificity 

Cost-effective 

Smith, et 
al. 

2019 Other Vascular 
Calcification 

Diagnosis/prognosis Relatively non-invasive 

Economic 

Discriminatory 

Temporal stability 

Add information over established markers 

Sun, et al. 2020 Cohort 
Study 

Stroke 
Associated 
AMI 

Diagnosis High discriminatory value 

Clear clinical implication 

Ke, et al. 2019 Review Ischemic 
Stroke 

Risk/Diagnosis Multiple independent validations 

Consistent, repeatable 

Validated with diverse groups, which includes 
diverse controls 

Esteve-
Pastor, et 
al. 

2019 Other CVD Disease Management Simple and practical 

Contributes to clinical decision-making 

Relatively stable 

Repeatability 

Rapid results 

Uniformity in recommendation 

External validation to maximize generalizability 

Pulignani, 
et al. 

2019 Review Valvular 
Disease 

Diagnosis/Prognosis Disease-related accuracy 

Cost-efficient 

Consistency of results 

Validation in large well-defined cohorts 

Cipollini, 
et al. 

2019 Review Vascular 
Disease 

Diagnosis/Prognosis Quantify a definite biologic state 

Easily assessed 

Low-cost 

Data normalization 

Standardized methodology 

Patient friendly procedure 

Csecsei, et 
al. 

2019 Case-
Control 
Study 

Endothelial 
disfunction 

  Consistent results 

Temporal stability 

Kamtchum
-Tatuene 
& Jickling 

2019 Review Stroke Diagnosis & 
Management 

High sensitivity & specificity 

Discriminate between disease, disease-mimics, and 
healthy controls 

Very rapid test results 

Add to routine care 
Clear diagnostic cut-off 

Tekesin & 
Tunç 

2019 Case-
Control 
Study 

Cerebral 
Venous 
Thrombosis 

  Reference values 

validation in large population 

Temporal stability 
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High sensitivity/Specificity 

Wang, et 
al. 

2018 Review Ischemic 
Stroke 

  Easy collection 

High sensitivity/specificity 

Non-invasive 

Halushka, 
et al. 

2019 Review CVD Risk/diagnosis/prognosi
s 

Well validated for their intended purpose 

High sensitivity/specificity (discrimination) 

Rapid measurement 

Clear cut-off 

Standardized methodologies 

Temporal stability 

Validated on large, well-characterized populations 

Paul & 
Harshaw-
Ellis 

2019 Review Heart Failure Disease Management Cost effective 

Non-invasive measurement 

Objective interpretation 

Oikonomo
u, et al. 

2019 Review Heart failure 
related Atrial 
Fibrillation 

Risk Validation on large patient cohorts 

Clear clinical role 

Independent information above or additive to 
existing measures 

Ioannou, 
et al. 

2019 Review Stroke risk in 
Atrial 
Fibrillation 

Risk Objectively quantifiable 

Improve accuracy of risk stratification (additive to or 
above existing measures) 

Safe 

Clear clinical benefit 

Lyngbakke
n, et al. 

2019 Review CVD risk/diagnosis/prognosis Results available in a reasonable timeframe and cost 

Reliably measurable 

Add information to existing markers or assessments 

Validated with metrics of discrimination, calibration, 
and reclassification 

Strong and consistent association with disease 

Improve clinical management and decision-making 

Serial measurements should reflect treatment 
response and risk 

Makris, et 
al. 

2018 Review Ischemic 
Stroke 

Risk/Diagnosis/differenti
ation/Prognosis 

Accurate and reproducible 

Standardized methodologies 

Acceptable to the patient 

Easy to interpret 

High sensitivity/specificity 

Changes disease management 

Available reference standard 

Consistently provides independent information that 
is above or additive to existing markers 

Validated in large patient cohorts 

Desiree, et 
al. 

2020 Review Acute Heart 
Failure 

Prognosis Reproducible results 

Reasonable result turn-around time 
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Reasonable cost 

Add new and clinically useful information 

Specific understanding of the pathophysiology of the 
biomarker 

Able identify patients at very high risk 

High accuracy for prognosis 

Castiglione
, et al. 

2022 Review Heart Failure Diagnosis & 
Management 

Measured accurately 

Easily available and interpretable 

Reasonable cost 

Results should be available quickly 

Biological variation should be well defined/Sources 
of error known 

Should give information on an important disease 
pathway 

Provide information not otherwise available 

Should guide diagnosis, risk stratification, or 
management 

Lanferman
n 

2020 Cross-
Sectional 
Study 

Heart Failure Diagnosis/Prognosis Methodologies well-tested and established 

Easily measurable in a timely manner and 
reasonable cost 

Add new information independently and/or in 
additional to other markers or examinations 

Clear cut-off values 

Aid in disease management 

Identify causes of HF 

Diagnose and risk stratify disease 

Pinilla, et 
al. 

2022 Review CVD Prevention/Diagnosis/M
anagement 

Accurate, Reliable, reproducible 

Add new information not already available 

Assists in clinical decision-making and risk 
assessment 

Cost-effective (including benefit to healthcare 
system) 
Easily measurable in routine practice 

Quispe, et 
al. 

2021 Review CVD Prognosis/disease 
progression 

Repeatedly and accurately measured 

Provide information on normal biological and 
pathological processes 

Change clinical management by guiding shared 
decision-making 

Anghel, et 
al. 

2021 Review Dilated 
Cardiomyopat
hy 

risk 
stratification/Prognosis 

Repeated with cost-effective methods 

Provides more information compared to other tests 

Clinically useful for decision making 

Correale, 
et al. 

2018 Review Heart Failure Prognosis Should be accurate and standardized 

Acceptable for the patient 

Easy to interpret for clinicians 

Sensitive and highly specific for the outcome 

Incremental value above/beyond standard measures 

Wankhede
, et al. 

2023 Review CVD Risk/Disease 
management 

Be accurate and have therapeutic impact with early 
intervention 
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Provide incremental information over and above 
existing measures 
Be cost-effective 

Saenz-
Pipaon, et 
al. 

2021 Review PAD Diagnosis/Outcome 
assessment 

Validated on Large diverse cohorts 

Validated over longer follow-up periods 

Demonstrate clear clinical utility 

Sarhene, 
et al. 

2019 Review Heart Failure Diagnosis/Management Ideally in constant circulation 

Have incremental value over existing measures 

Provide clear clinical utility (diagnosis, risk 
stratification, and management) with demonstrated 
effective clinical outcomes (decision-making and 
clinical care) 

Be prospectively validated 

Be able to determine the presence of HF Syndrome, 
assess severity, and foresee risk of disease 
progression 

Be cost-effective 

Evaluation on a wide range of patient characteristics 

Have defined biological variability and low analytical 
precision 

Allow repetitive and precise measurements with a 
rapid processing time 

Eltelbany, 
et al. 

2022 Review HFpEF Pathophysiology/diagno
sis/Prognosis 

Valid measure with rapid turnaround at reasonable 
cost 

Provide new and beneficial information 

Assist in decision making process 

Should reflect an important pathophysiologic 
pathway 

Thorough validation through standardized 
methodologies 

Assays used should be robust 

Sopic, et 
al. 

2023 Review ASCVD Management Validation through standard study design and 
methodologies 

Clear guidelines on preanalytical considerations to 
ensure coherence, accuracy, and reproducibility. 

Provide more information to better stratify patients 

Standardized Data integration algorithms to collect 
comprehensive data sets, with strong safeguards to 
prevent bias related to ethnicity, gender, and 
socioeconomic status 

Standardized data interpretation 

Adusumalli 2022 Review CVD Diagnosis and 
Management 

Accurate and reproducible 

Stabile 

Easily accessible assay 

Reasonable cost 

high throughput 

Rapid turnaround 

Adds new information to existing tests 
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Provide strong link to disease 

Clinically useful for patient management 

Liem, et al. 2023 Review Pediatric 
Congenital 
Heart Disease 

Diagnosis/Management Objectively quantified 

Reproducible 

Repeatedly measured over time and follow-up 

Defined cut-offs and reference ranges for specific 
indications 
less invasive and safe 

Easily measured at relatively low costs 

Addresses a defined clinical need 

validation across appropriate cohorts 

Vekic, et 
al. 

2022 Review ASCVD Residual CV Risk Predict clinically significant outcomes and patient 
response to therapy 

Cost-effective 

Focused toward personalized medicine 

 

 

 

Appendix B 
  
Summary of the conclusions and recommendations from each of the articles addressing the public policy 

concerns of novel blood biomarkers. 

Article  Year Article 
Type 

CVD/Stroke Biomarker use Conclusions/Recommendations 

Florijn, et 
al. 

2021 Review Ischemic 
Stroke 

Risk/Management More studies need to be done to validate biomarkers in 
women 

Compelling evidence for sex-specific microRNAs that 
could predict silent cerebral ischemia and identify 
effective therapeutic strategies for women 

Saleh, et al. 2022 Review CVD Diagnosis/Prognosis/ 
Management 

Patents laws - 1) differs from nature/natural processes; 
2) consists of inventive concepts; 3) significantly differs 
from routine practice 

Need to develop a viable commercially incentivized 
pathway 

Clear pipeline linking scientific, industrial, and regulatory 
bodies 

Elliot, et al. 2021 Other CVD Risk/Diagnosis/Progno
sis/Management 

Demonstrated technical, preclinical, & clinical validation 

Demonstrated clinical utility 

Demonstrated stability 

Clear development pathway 

Mayer, et 
al. 

2020 Other Vascular 
disease 

  Pathway between academia, industry, society (i.e., 
patients), and government 

Wong & 
Tse 

2021 Review CVD Primary & Secondary 
Risk Stratification 

Health policy needs to be informed by cost-effectiveness 

Tahir & 
Gerszten 

2020 Review Cardiometab
olic Disease 

Risk Lack of diversity and representation of historically 
underrepresented groups 

Clear pathways from discovery to validation are crucial 
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Figtree, et 
al. 

2022 Review CAD Risk Clear clinical pathways (science/academics, health 
economics, policy) 
Enable clinical environment for evidence-based 
integration 

Ethical considerations (consent, identification of High-
risk populations) 

clinical, policy, and consumer leaders need to work close 
together regarding disclosure of genetic risk 

Li W, et al. 2022 Review Ischemic 
Stroke 

Stroke Differentiation/ 
Treatment 

Proven effectiveness in clinical practice 

Use of Machine Learning/AI 

Makris, et 
al. 

2018 Review Ischemic 
Stroke 

Risk/Diagnosis/ 
Differentiation/Progno
sis 

Team of academics/scientists select biomarkers that 
show promise to standardize/harmonize 

Biomarkers must fulfill specific criteria, including 
promise for lab automation 

IFCC lead standardization/harmonization process with 
industry involvement 

Hackler, et 
al. 

2019 Cross 
Section 
Study 

ASCVD Risk Racial differences in biomarkers reflect different 
pathological pathways (may contribute to or mediate 
racial differences in disease risk) 

Panza, et 
al. 

2019 Review Cardiovascula
r Health 

Risk Social discrimination (race, weight, sexual orientation) 
and related stigma are strongly correlated with 
biomarkers of adverse cardiovascular health 

CDC/WHO recognize stigma as a public health priority 
because of potential to accelerate disease process 

Lack of studies examining non-black racial/ethnic groups 
and discrimination 

Impact of discrimination based on age, gender 
(transgender or questioning), or bisexual orientation is 
understudied 

Diamond, 
et al. 

2021 Review Systemic 
Inflammation 

Risk Extensive variation in type and severity of health 
disparities in sexually-diverse and gender-diverse 
populations 

Need for more biologically-specific research through 
which social stigmas (across diverse manifestations) 
influence disease-relevant processes 

Need to define sexual- and gender-diverse populations 
more broadly (e.g., trans-male, trans-female, asexual, 
intersex) 

Sopic, et al. 2023 Review ASCVD Disease Management Safeguards to ensure diversity to prevent bias based on 
ethnicity, gender, and socioeconomic status. 

Safeguards to protect patient privacy/confidentiality 
(appropriate de-identification and secure transfer 
protocols) 

Researchers, analytic specialists, clinicians, data 
scientists need to work together 

Regulatory approval through established procedures 

Trentini, et 
al. 

2022 Review CVD Prognosis/Progression Studying sex differences is paramount in the era of 
precision medicine. 
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Sex usually considered confounding factor to correct 
statistical models. Sex differences (across the lifespan) 
should be evaluated in biomarker studies. 

Systematic disaggregation and analysis by sex is 
important for biomarker translation into clinical practice. 

 

 


