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Abstract 

Precision public health (PPH) integrates genomic information, big data analytics, 

and advanced epidemiological methods to enhance disease prevention and 

population health strategies. This paper reviews recent advances in PPH from 

2023 to 2025, highlighting applications in infectious disease surveillance, chronic 

disease prevention, and healthcare policy planning. Emphasis is placed on 

integrating genomic data with environmental, behavioral, and social determinants 

of health. Challenges related to data privacy, equity, and implementation are 

discussed. The study demonstrates that precision public health holds substantial 

promise for improving population-level health outcomes while supporting 

evidence-based policymaking. 
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1. Introduction 

Traditional public health interventions often rely on generalized approaches that 

may overlook individual and population heterogeneity. The emerging field of 

precision public health seeks to tailor interventions by leveraging genomic, 

environmental, and behavioral data (Khoury et al., 2023). 

Big data analytics and machine learning have enabled real-time disease 

surveillance, predictive modeling, and targeted health interventions. Precision 

public health has demonstrated potential in infectious disease management, 

chronic disease prevention, and optimizing healthcare resource allocation. 
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2. Conceptual Framework of Precision Public Health 

2.1 Integration of Genomics and Epidemiology 

Genomic data provides insights into individual susceptibility and population-

level genetic variation, supporting early detection and prevention strategies 

(Bubela et al., 2024). 

2.2 Role of Big Data Analytics 

Integration of electronic health records, environmental exposures, and social 

determinants enhances predictive modeling, enabling targeted interventions and 

policy planning (Topol, 2024). 

2.3 Digital Health and Real-Time Monitoring 

Wearable devices, mobile applications, and digital epidemiology platforms allow 

continuous monitoring of health indicators, enhancing responsiveness to 

emerging health threats. 

 

3. Applications of Precision Public Health 

3.1 Infectious Disease Surveillance 

AI-powered systems combined with genomic sequencing track pathogen 

evolution and predict outbreak hotspots. This approach has been applied to 

influenza, COVID-19, and antimicrobial resistance monitoring (Vayena et al., 

2024). 

3.2 Chronic Disease Prevention 

Integration of genetic risk scores with lifestyle and environmental factors enables 

stratified interventions for cardiovascular disease, diabetes, and cancer 

(Torkamani et al., 2023). 

3.3 Health Policy and Resource Allocation 

Data-driven insights support policymakers in targeting interventions, optimizing 

vaccination programs, and planning healthcare infrastructure. 

4. Ethical, Legal, and Social Considerations 

PPH must address critical ethical issues: 

• Data privacy and protection (GDPR compliance) 

• Equity of access and avoidance of health disparities 

• Responsible use of genomic data and AI predictions 

Transparent governance and stakeholder engagement are essential to maintain 

public trust. 
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5. Challenges and Limitations 

• Heterogeneity in data quality and completeness 

• Limited integration between genomic, clinical, and environmental datasets 

• Potential algorithmic bias and inequities in implementation 

• High cost of genomic and computational infrastructure 

 

6. Discussion 

Precision public health represents a paradigm shift from reactive to proactive 

population health strategies. By combining genomic information, big data, and 

predictive analytics, it enables tailored interventions and more efficient use of 

healthcare resources. Collaborative frameworks among researchers, clinicians, 

public health authorities, and policymakers are essential for successful 

implementation. 

 

7. Future Directions 

• Expansion of population-scale genomic databases 

• Integration of multi-omic and environmental datasets 

• Development of explainable AI models for public health decision-making 

• Policy frameworks for equitable access and ethical governance 

 

8. Conclusion 

Precision public health offers significant potential to improve population health 

outcomes through targeted, data-driven interventions. Advances in genomics, AI, 

and big data analytics, combined with ethical and equitable frameworks, will be 

central to the evolution of next-generation public health systems. 
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