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Introduction
Cardiovascular disease accounts for nearly one‑third of global 

deaths, with more than 80% occurring in LMICs.1,2 Although 
high‑income countries have experienced sustained declines in 
mortality, many LMICs face stagnation or worsening trends due 
to demographic transitions, urbanization, and limited access to 
preventive care.4 Recent research highlights vascular aging—
particularly arterial stiffness and endothelial dysfunction—as early 
markers of cardiovascular risk, complementing traditional risk factors 
and offering new opportunities for early detection.5,6

Methods
A narrative integrative review was conducted using major 

databases and global health reports.

- Databases: PubMed, Scopus, Web of Science, Google Scholar

- Period: January 2005–December 2025

- Search terms: “cardiovascular disease,” “vascular aging,” 
“arterial stiffness,” “AI detection,” “genomics,” “wearables,” 
“precision prevention,” “implementation science”

- Inclusion criteria: peer‑reviewed articles, clinical trials, global 
health reports

- Studies included: 230 screened; 140 included

Global burden and epidemiological trends
Updated analyses confirm that CVD remains responsible for 31% 

of global deaths.1,2 Key trends include:

- Rising prevalence of arterial stiffness in younger adults5

- Strong associations between air pollution, urbanization, and early 
vascular aging4

- Persistent disparities in Sub‑Saharan Africa and South Asia2

- Increasing burden of hypertension and diabetes in middle‑income 
countries7

These findings underscore the need for scalable early detection 
strategies.

Emerging technologies for early detection
Genomic and multi‑omics biomarkers

Advances include:

- Polygenic risk scores validated in more diverse populations1

- Proteomic and metabolomic signatures predicting early vascular 
dysfunction3

- Biomarkers of endothelial injury (e.g., microparticles, cytokines)5

Challenges include cost, limited availability in LMICs, and 
underrepresentation of non‑European populations.1

Artificial intelligence in cardiovascular diagnostics

AI has expanded beyond arrhythmia detection to include:

- Vascular age estimation using ECG and PPG.3

- AI‑enhanced pulse wave velocity (PWV) prediction.6

- Automated echocardiography for early diastolic dysfunction.

- Machine‑learning models for coronary CT angiography.3

Large‑scale validation studies such as the Apple Heart Study.,8 
Fitbit Heart Study.,9 and mSTOPS trial support the feasibility of 
digital screening.

Wearables and digital health monitoring

Wearables now support:
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Abstract

Cardiovascular disease (CVD) remains the leading global cause of mortality and disability, 
with more than 18 million deaths annually and persistent disparities affecting low‑ and 
middle‑income countries (LMICs).1,2 Recent advances in vascular aging assessment, 
artificial intelligence (AI), multi‑omics biomarkers, and digital health technologies have 
expanded opportunities for early detection and precision prevention.3 This integrative 
review synthesizes updated evidence (2020–2026) on epidemiological trends, emerging 
diagnostic tools—including AI‑enhanced ECG and photoplethysmography (PPG), 
arterial stiffness indices, genomics, and self‑sampling technologies—and implementation 
strategies for scalable prevention. While technological innovation accelerates rapidly, 
equitable deployment remains a major challenge.4 Strengthening primary care, improving 
data governance, and fostering global partnerships are essential to achieving meaningful 
reductions in premature CVD mortality.
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- Continuous ECG and PPG monitoring.8,9

- Estimation of arterial stiffness and vascular age.3

- Early detection of atrial fibrillation.8,9

These technologies are increasingly integrated into population‑level 
screening programs.

Self‑sampling technologies

Recent European studies show that dried blood spot (DBS) and 
capillary sampling provide reliable lipid and glucose estimates for 
screening purposes, though not for diagnostic confirmation.3

Imaging and non‑invasive diagnostics
Updated modalities include:

- Coronary artery calcium (CAC) scoring.

- Myocardial perfusion imaging (MPI).3

- PET imaging.3

- Cardio‑Ankle Vascular Index (CAVI).5

- Pulse Wave Velocity (PWV) as a gold‑standard measure of 
arterial stiffness.6

These tools provide complementary prognostic information but 
remain limited in LMICs due to cost and infrastructure constraints.4.

Population‑level prevention strategies
Effective strategies include:

- Tobacco control, salt reduction, and air quality policies.4

- Community‑based screening using portable devices and 
self‑sampling.7

- Digital platforms for follow‑up and adherence.3

- Integration of vascular aging metrics into national screening 
programs.5

Precision prevention and pharmacogenomics
Recent developments include:

- Pharmacogenomic markers influencing response to statins, 
beta‑blockers, and anticoagulants.1

- Integration of PWV, CAVI, and ankle‑brachial index (ABI) into 
risk prediction models.5,6

- AI‑enhanced risk calculators outperforming traditional scores.3

Challenges remain regarding cost, access, and validation in diverse 
populations.1

Implementation science and global 
partnerships

Updated frameworks emphasize:

- Strengthening primary care for early detection.4

- Task shifting to community health workers.7

- Public–private partnerships for digital health.3

- Global Heart Hub (2024) recommendations for equitable access.10

- Improved data governance and interoperability.4

Tables (Tables 1&2)
Table 1 Global distribution of CVD burden and key risk factors (Updated 2026)

Region CVD Mortality trend Major risk factors Key challenges
High‑income countries ↓ Declining Aging, obesity Plateauing improvements
Sub‑Saharan Africa ↑ Rising Hypertension, diabetes Limited diagnostics, workforce shortages
South Asia ↑ Rising Tobacco, dyslipidemia Rapid urbanization
Latin America → Minimal change Obesity, diabetes Health system fragmentation

Note: Data synthesized from WHO 2024 fact sheet and GBD 2021–2023 estimates.

Table 2 Emerging technologies for early CVD detection (2026 Update)

Technology Application Advantages Limitations
Genomic screening Polygenic risk scoring Early risk identification Cost, equity concerns
Multi‑omics biomarkers Proteomics, metabolomics High specificity Requires advanced labs
Wearables Continuous ECG/PPG Scalable, low‑cost Data governance
AI vascular age PWV, PPG analysis Early vascular aging detection Requires validation
Imaging (CAC, PET) Atherosclerosis detection Strong prognostic value Limited access in LMICs

Graphical abstract (Text Description)
Integrated framework for early detection and prevention of CVD 

(2026)

Vascular aging pathway

Endothelial dysfunction → Arterial stiffness → Subclinical CVD 

 
Detection technologies

 - AI-enhanced ECG/PPG

  - Wearables

  - Genomics + multi-omics biomarkers

 - Imaging (CAC, PWV, CAVI)
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Prevention strategies

 - Precision prevention

  - Community-based screening

 - Policy interventions

Implementation framework

  - Primary care strengthening

 - Digital health integration

 - Global partnerships

Conclusion
Early detection of CVD is rapidly evolving with advances in 

AI, vascular aging assessment, multi‑omics biomarkers, and digital 
health. To achieve global impact, innovations must be paired with 
equitable implementation strategies, robust surveillance systems, 
and strengthened primary care—particularly in LMICs. Future 
research should prioritize validation of AI‑based vascular biomarkers, 
cost‑effective genomic testing, and large‑scale community screening 
models.
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