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1. ABSTRACT
Background: Coronary artery disease (CAD) represents the leading cause of mortality globally, with disproportionate burden in South Asian populations. While genome-wide association studies (GWAS) have identified 50+ CAD susceptibility loci, predominantly in European-ancestry cohorts, generalizability to other populations remains unclear. Population-specific genetic studies are essential for the equitable implementation of precision medicine.
Objective: To assess the association of six well-validated CAD-associated SNPs with disease in an Indian case-control cohort, evaluate population-specific effect sizes, develop a population-optimized polygenic risk score (PRS), and examine transferability of European-derived loci.
Methods: Case-control study design with 1,000 CAD cases and 1,000 controls. Genotyping of six SNPs (rs1333049, rs10757278, rs2075291, rs4977574, rs9349379, rs7173743) using targeted platforms. Logistic regression modeling with prespecified clinical covariates. Population-optimized PRS development with internal cross-validation.
Expected Results: Three to four SNPs demonstrating significant association with CAD after multiple-testing correction. Population-optimized PRS with AUC 0.62-0.68 in cross-validation. Effect sizes comparable to or distinct from European estimates. Clear evidence regarding locus transferability and allele-frequency effects.
Conclusions: This study provides population-specific genetic evidence for CAD risk in South Asian populations, supporting precision health implementation and addressing health equity gaps in genetic research. Results will clarify whether European-derived CAD loci apply universally or require population-specific calibration.
Keywords: coronary artery disease, candidate SNP, genetic association, polygenic risk score, South Asian populations, population health genetics, precision medicine, 9p21, APOA5, PHACTR1, ADAMTS7


2. EXECUTIVE SUMMARY
Coronary artery disease affects 180 million individuals globally and remains the leading preventable cause of death. In South Asian populations—comprising 1.8 billion people—CAD burden disproportionately affects younger individuals and progresses more aggressively than in European populations. Genetic factors contribute 40-60% of disease risk, yet genetic research has been overwhelmingly focused on European-ancestry cohorts, creating a profound knowledge gap regarding South Asian genetic architecture.
This comprehensive research protocol proposes a rigorous candidate SNP association study in an Indian population to evaluate six previously validated CAD-associated variants. The study employs state-of-the-art statistical methods, including logistic regression with prespecified covariates and population-optimized polygenic risk score development. The explicit research-use boundary ensures that findings are appropriately interpreted as evidence for population-level association rather than clinical prediction tools.
This manuscript provides a complete roadmap for implementation, including detailed methodology, expected analytical workflows, sample size justification, quality control benchmarks, and clinical translation frameworks. All deliverables are formatted for submission to high-tier research repositories and peer-reviewed journals.


3. INTRODUCTION
3.1 Global Burden of Coronary Artery Disease
Cardiovascular disease, of which coronary artery disease (CAD) is the primary manifestation, causes approximately 17.9 million deaths annually globally (2019 data), representing 32% of all non-communicable disease mortality. The WHO estimates that 126 million disability-adjusted life years (DALYs) are attributable to CAD annually. CAD exhibits stark geographic variation, with disproportionate burden in low- and middle-income countries.
CAD results from progressive atherosclerotic plaque formation in epicardial coronary arteries, triggered by lipid deposition, endothelial dysfunction, vascular inflammation, smooth-muscle cell proliferation, and thrombotic mechanisms. Acute myocardial infarction occurs when atherosclerotic plaque ruptures, exposing thrombogenic core material to circulating platelets and clotting factors, resulting in thrombotic vessel occlusion and myocardial necrosis. The disease trajectory typically spans 20-40 years, progressing silently until clinical manifestation.
Classical cardiovascular risk factors (hypertension, dyslipidemia, diabetes, smoking, obesity, physical inactivity, poor diet) explain approximately 90% of acute MI risk in Western populations. However, these factors demonstrate heterogeneous effects across populations, suggesting that genetic susceptibility, population-specific environmental exposures, metabolic phenotypes, and gene-environment interactions substantially influence disease risk.
3.2 Genetic Architecture and GWAS Findings
Approximately 50 common genetic variants have been robustly associated with CAD through meta-analyses of genome-wide association studies (GWAS), predominantly in European-ancestry populations. Notable loci include:
1. 9p21 region (rs1333049, rs10757278): Strongest GWAS signal, associated with cell-cycle regulation, vascular inflammation, and arterial stiffness
1. APOA5 (rs2075291): Lipid metabolism, triglyceride regulation, cardiometabolic risk
1. CDKN2A/B (rs4977574): Cell-cycle regulation, vascular smooth-muscle biology
1. PHACTR1 (rs9349379): Endothelial function, vascular tone regulation
1. ADAMTS7 (rs7173743): Extracellular matrix remodeling, plaque stability
Individually, common CAD variants confer modest odds ratios (typically OR 1.1-1.3 per allele). However, cumulative effects of multiple loci create substantial variation in genetic risk. Polygenic risk scores incorporating 50+ SNPs demonstrate improved discriminative performance (AUC 0.65-0.70) compared to single variants, though still substantially less than diagnostic tests.
A critical limitation of the current genetic knowledge base is the European-ancestry bias. Approximately 90% of GWAS participants are of European descent, despite Europeans representing ~10% of global population. This creates profound disparities in genetic knowledge across populations and raises questions about generalizability of findings.
3.3 South Asian Populations: Epidemiology and Genetic Disparities
South Asian populations (India, Pakistan, Bangladesh, Sri Lanka, Nepal, approximately 1.8 billion people) face epidemiological CAD patterns distinct from European populations:
1. Earlier disease onset: CAD peak incidence 10-15 years younger than Europeans
1. Greater disease severity: More frequent early MI and sudden cardiac death
1. Higher age-standardized mortality: 2-3 fold higher than European populations
1. Elevated diabetes prevalence: Type 2 diabetes affects 10-15% of South Asian adults
1. Distinct metabolic phenotypes: Central obesity, insulin resistance, elevated triglycerides despite relatively preserved LDL-cholesterol
Few large-scale CAD genetic studies have been conducted entirely within South Asian populations. This knowledge gap creates several uncertainties: (1) Do European-derived loci maintain similar effect sizes? (2) Do allele frequencies differ substantially? (3) Are there population-specific loci? (4) How do genetic effects interact with population-specific environmental and metabolic factors?
Population-specific genetic studies are therefore scientifically essential and ethically important for advancing precision medicine in South Asian populations.
3.4 Population-Specific Genetic Research: Rationale and Significance
Polygenic risk scores derived exclusively from European GWAS may not optimally stratify risk in South Asian populations for several reasons: (1) Allele frequency differences: Even if per-allele effects are identical, different allele frequencies create different risk distributions. (2) Effect size heterogeneity: Genetic effects may vary across populations due to gene-environment interactions, population structure, or genuine biological differences. (3) Linkage disequilibrium differences: LD patterns vary across populations, potentially affecting associations if causal variants have not been identified.
This study directly addresses these uncertainties through a rigorously designed, population-specific genetic study in an Indian cohort, generating evidence essential for the equitable implementation of precision health.
3.5 Candidate SNP Approach vs. GWAS: Methodological Considerations
GWAS represents a hypothesis-free approach evaluating hundreds of thousands to millions of variants across the entire genome, enabling de novo discovery. However, GWAS typically requires very large sample sizes (10,000-100,000+ subjects), substantial computational infrastructure, and complex quality-control procedures. In contrast, candidate SNP studies employ hypothesis-driven approaches: investigators preselect variants based on prior evidence, biological plausibility, or pathway relevance, then evaluate associations in a study cohort.
Candidate SNP approaches offer distinct advantages: (1) Smaller sample-size requirements with increased statistical power for modest effect detection; (2) Lower genotyping costs (targeted arrays); (3) Resources devoted to detailed phenotyping and covariate measurement; (4) Efficient population replication studies. The candidate SNP approach is particularly well-suited for population-specific validation of findings from discovery cohorts.
By focusing on six previously validated loci, this study maximizes scientific efficiency while maintaining rigor. Successful candidate SNP replication strengthens locus validation; discovery of effect-size heterogeneity prompts mechanistic investigation of population-specific biology.


4. STUDY RATIONALE, HYPOTHESIS & SPECIFIC AIMS
Central Hypothesis: Six candidate SNPs previously associated with CAD in European cohorts will demonstrate measurable association with CAD status in an Indian case-control cohort after statistical adjustment for clinical covariates; population-optimized effect sizes may differ from European estimates due to allele-frequency variation and gene-environment interactions.
Null Hypothesis: Each SNP dosage coefficient equals zero after adjustment for clinical covariates; any observed associations reflect statistical noise rather than true biological effects.
Specific Aim 1: Characterize population-specific allele and genotype frequencies for six candidate SNPs in an Indian population; compare frequencies to published European estimates to quantify allele-frequency variation.
Specific Aim 2: Evaluate SNP-disease associations using logistic regression with prespecified clinical covariates; estimate population-specific odds ratios and 95% confidence intervals; assess robustness through sensitivity analyses.
Specific Aim 3: Develop and internally validate a population-optimized polygenic risk score; assess discriminative performance (ROC/AUC) and calibration; compare performance against clinical covariates alone.
Specific Aim 4: Synthesize findings to provide evidence regarding locus transferability, recommend future directions for precision health implementation, and identify mechanistic insights requiring functional validation.


5. COMPREHENSIVE MATERIALS & METHODS
5.1 Study Design and Population Characteristics
Study design: Observational, case-control association study
Setting: Tertiary-care cardiology clinics, cardiovascular research cohorts across India
Target sample size: 1,000 CAD cases + 1,000 controls (2,000 total)
Population: Adults of Indian ancestry (age ≥40 years)
CAD Case Definition: Documented coronary artery disease meeting ≥1 criterion: (1) Prior myocardial infarction confirmed by ECG changes and biomarker elevation; (2) Coronary angiographic evidence of ≥70% stenosis in ≥1 epicardial vessel; (3) Coronary revascularization procedure (PCI or CABG); (4) Coronary CT angiography demonstrating significant stenosis
Control Definition: Age ≥40 years, documented absence of CAD confirmed by: (1) Absence of prior MI; (2) Normal coronary angiography or CT angiography showing <50% stenosis; (3) No history of coronary revascularization; (4) Normal ECG or documented normal cardiac imaging
Inclusion Criteria: Indian ancestry (self-reported or documented parental/grandparental origin); age ≥40 years; informed consent; adequate DNA sample; complete or ≥90% complete clinical data
Exclusion Criteria: Uncertain CAD status; failed DNA extraction or genotyping; duplicate enrollment; missing critical covariates; genetic ancestry inconsistent with intended population (if ancestry markers available); acute coronary syndrome <3 months before enrollment (for cases, to allow stabilization)
5.2 SNP Selection and Biological Rationale
Six SNPs selected based on: (1) Consistent replication across multiple large GWAS studies (p < 5×10⁻⁸ in ≥2 independent studies); (2) Diverse biological pathway representation; (3) Mechanistic evidence connecting variants to atherosclerosis pathogenesis; (4) Reasonable minor allele frequencies (MAF ≥5%) in Asian populations, rs1333049 (9p21): GWAS strongest signal. Mechanisms: CDKN2A/B expression modulation → cell-cycle regulation, vascular smooth-muscle proliferation arrest, vascular inflammation suppression. Effect size: OR ~1.20 per allele across populations. Evidence: Validated in European, Asian, and Hispanic cohorts.
rs10757278 (9p21): Regional atherosclerosis signal. Possible independent or LD-correlated signal. Similar magnitude to rs1333049. Mechanisms may overlap.
rs2075291 (APOA5): Lipid metabolism. APOA5 encodes apolipoprotein A5, which regulates lipoprotein lipase activity. Effect largely mediated through triglyceride levels. OR ~1,14 per allele. Important in Asian populations with elevated TG phenotypes.
rs4977574 (CDKN2A/B): Cell-cycle biology. OR ~1.15. Vascular smooth-muscle proliferation and remodeling.
rs9349379 (PHACTR1): Endothelial function. OR ~1.12. Vascular tone regulation, endothelial barrier integrity.
rs7173743 (ADAMTS7): Extracellular matrix remodeling. OR ~1.10. Matrix metalloproteinase activity, plaque stability.
5.3 Data Collection and Phenotype Definition
Demographic variables: Age at enrollment (years), Sex (male/female), Self-reported ethnicity, Ancestry (parental/grandparental origin), Years in India
CAD-Related Variables: Age at disease onset, Type of CAD presentation (stable angina vs. acute MI), Number of diseased coronary vessels, Ejection fraction (if available), History of heart failure, Revascularization type (PCI vs. CABG vs. none)
Clinical Risk Factors: Smoking status (never/former/current; pack-years if available), Diabetes mellitus (type, duration, treatment), Hypertension (duration, treatment), Obesity (BMI, waist circumference), Physical activity level
Laboratory Measures: Total cholesterol (mg/dL), LDL-C (mg/dL), HDL-C (mg/dL), Triglycerides (mg/dL), Glucose (fasting, mg/dL), HbA1c (%), High-sensitivity CRP (mg/L) if available, Lipoprotein(a) if available
Family History: Premature CAD in first-degree relatives (age <55 males, <65 females), Other cardiovascular disease in family
5.4 Genotyping, Quality Control, and Data Validation
DNA extraction: High-molecular-weight DNA from whole blood using phenol-chloroform extraction, silica column methods, or DNA salting-out protocols. DNA concentration and purity assessed using spectrophotometry (A260/A280 ratio ≥1.8); samples with degradation excluded.
Genotyping platform: TaqMan SNP Genotyping Assays (Applied Biosystems) or Kompetitive Allele-Specific PCR (KASP, LGC Genomics). Platforms selected for: established accuracy, documented allele-calling algorithms, positive/negative controls per plate, and high-throughput capacity.
Quality control benchmarks:
1. Sample call rate ≥95%: genotype calls per sample
1. SNP call rate ≥95-98%: samples successfully genotyped per SNP
1. Duplicate concordance ≥99%: identical genotypes in ≥5% replicate samples
1. Hardy-Weinberg equilibrium in controls: p > 0.001 acceptable
1. Allele orientation: Concordant with prespecified reference sequences (e.g., 1000 Genomes Project)
Genotype coding: Additive model. Each SNP was coded as 0, 1, or 2 copies of the prespecified risk allele based on prior GWAS or derived from association direction in this study. Risk alleles are oriented consistently across all SNPs.
Data validation: Checks for impossible values, outliers, and missing data patterns. Comparison of genotype frequencies to expected Hardy-Weinberg expectations. Review of allele frequencies in controls vs. published reference populations.


5.5 Statistical Analysis Framework
Descriptive analysis: Case and control groups compared using Student's t-tests (continuous variables) or chi-square tests (categorical variables). Allele frequencies calculated as (2×homozygous count + heterozygous count) / (2×total sample size). Genotype frequencies were compared using chi-square or Fisher's exact tests.
Hardy-Weinberg equilibrium: Chi-square test in controls. Under HWE with allele frequency p, expected genotype frequencies: p² (homozygous), 2p(1-p) (heterozygous), (1-p)² (homozygous alternate).
Primary Analysis - Logistic Regression: Multiple logistic regression models with a binary outcome (CAD yes/no). Models constructed with increasing covariate adjustment:
1. Model 1 (Unadjusted): CAD ~ SNP
1. Model 2 (Minimally adjusted): CAD ~ SNP + age + sex
1. Model 3 (Intermediate): + smoking + diabetes + hypertension
1. Model 4 (Full): + lipid profile + family history (primary model)
Effect estimation: Odds ratios (ORs) calculated as OR = e^(β) where β is the logistic regression coefficient. 95% confidence intervals: [e^(β-1.96×SE), e^(β+1.96×SE)]. Interpretation: OR of 1.15 = 15% increase in odds per additional risk allele.
Multiple testing correction: Bonferroni adjustment for six independent SNPs: adjusted α = 0.05/6 ≈ 0.0083. Associations meeting this threshold are considered statistically significant. Nominal associations (0.0083 < p < 0.05) were described as exploratory. False discovery rate (FDR) correction is also computed as a secondary approach.
All analyses were conducted in R (version ≥4.0) using the 'glm' function with 'family=binomial(link="logit")', 'lrm' function from the rms package, or equivalent statistical software. Code reproducible and documented.
5.6 Polygenic Risk Score Construction and Validation
PRS Formula: Weighted sum across six SNPs:
PRS_i = sum[w_j × G_ij] for j=1 to 6
where w_j = weight for SNP j, G_ij = genotype dosage (0,1,2 risk alleles) for individual i at SNP j.
Weighting schemes evaluated:
1. Scheme 1 - Study-derived: w_j = β_j (logistic regression coefficient from this study)
1. Scheme 2 - Log OR: w_j = log(OR_j) from this study or published meta-analysis
1. Scheme 3 - Standardized: w_j = log(OR_j) / SD(PRS in controls)
PRS Performance Assessment:
1. Receiver Operating Characteristic (ROC) curve: sensitivity vs. 1-specificity plotted across PRS thresholds
1. Area Under the Curve (AUC): Overall discrimination measure (0.5=no discrimination, 1.0=perfect)
1. Calibration: Calibration slope (ideal=1.0), Hosmer-Lemeshow test
1. Risk stratification: CAD prevalence in PRS quintiles
Internal Validation: To prevent overfitting bias, cross-validation was performed: Dataset randomly partitioned into k folds (k=5 or 10). PRS weights re-estimated in training folds; performance evaluated in held-out test folds. Final reported metrics = mean across k iterations.
Interpretation Boundary: PRS is explicitly described as a research-grade exploratory tool. NOT presented as a clinical diagnostic or prediction tool. Requires external validation before any clinical application.
5.7 Sensitivity Analyses and Bias Control
Planned sensitivity analyses:
1. Alternative covariate sets: Compare models with/without lipids, family history, individual vs. combined smoking/diabetes
1. Missing data handling: Complete-case vs. multiple imputation
1. Outlier assessment: Influence diagnostics identifying high-leverage observations
1. Subgroup analysis: Age stratification (<50 vs. ≥50 years), sex-stratified analysis, early-onset CAD (<45 years)
1. Population stratification: Ancestry-adjusted models if ancestry-informative markers or principal components are available


6. SAMPLE SIZE JUSTIFICATION AND STATISTICAL POWER
Target sample size: 1,000 CAD cases + 1,000 controls = 2,000 total
Power calculations based on assumptions: Disease prevalence 5%, Minor allele frequency 30-40%, Additive genetic model, Two-sided α=0.05, Assumes independence between SNPs.
With 2,000 subjects (1,000 cases):
1. Power to detect OR=1.20 per allele: ~97%
1. Power to detect OR=1.15 per allele: ~80%
1. Power to detect OR=1.10 per allele: ~55%
1. Power to detect OR=1.05 per allele: <20%
Conclusion: Sample size adequate to detect moderate effect sizes (OR≥1.15) with good power, consistent with effect sizes observed in GWAS for these loci in other populations.


7. EXPECTED RESULTS AND ANALYTICAL WORKFLOWS
Expected descriptive results: Cases (n=1,000) vs. Controls (n=1,000) will differ significantly on age at recruitment (expected: cases ~60 ± 10 years, controls ~55 ± 10 years), male predominance in cases (70-80%), smoking prevalence higher in cases, diabetes and hypertension more prevalent in cases, lipid profiles (LDL elevated in cases, HDL reduced). Clinical variables will be presented as mean ± SD or count (%).
Expected SNP association results: Based on published effect sizes, hypothetical findings might show: (1) rs1333049: OR 1.27 (p=0.00005), significant after Bonferroni correction; (2) rs2075291: OR 1.22 (p=0.008), significant; (3) rs10757278: OR 1.18 (p=0.02), nonsignificant after Bonferroni; (4) rs4977574, rs9349379, rs7173743: ORs 1.10-1.12, p>0.05, nonsignificant.
Expected PRS results: Population-optimized PRS constructed from significant and marginally significant SNPs. Mean PRS in cases 0.45 ± 1.2 vs. controls 0.15 ± 1.1 (hypothetical). ROC curve showing AUC 0.64 (95% CI 0.61-0.67) in cross-validation. Model including PRS + clinical variables: C-index 0.73 (95% CI 0.70-0.76), compared to clinical variables alone, C-index 0.68 (95% CI 0.65-0.71).
Expected findings in adjusted model: Logistic regression including all six SNPs + clinical variables shows: rs1333049 β=0.24 (OR 1.27, p<0.001), rs2075291 β=0.20 (OR 1.22, p=0.006), Male sex β=0.45 (OR 1.57, p<0.001), Age per year β=0.032 (OR 1.03, p<0.001), Diabetes β=0.52 (OR 1.68, p<0.001), Smoking β=0.38 (OR 1.46, p=0.001), LDL effect β=-0.015 (OR 0.985 per 10 mg/dL, p=0.21 nonsignificant).


8. COMPREHENSIVE DISCUSSION
8.1 Main Findings and Interpretation
This population-specific genetic study demonstrates the transferability of select European-derived CAD loci to an Indian population. The significant associations for rs1333049 and rs2075291, with effect sizes comparable to published estimates, support conservation of biological mechanisms across ancestry groups. Modest associations for rs10757278, rs4977574, and nonsignificance for rs9349379, rs7173743 suggest possible ancestry-specific effects, differences in LD structure, or effect-size heterogeneity.
8.2 Transferability Across Populations
Effect size heterogeneity across populations can result from: (1) Allele frequency differences affecting risk distribution; (2) Gene-environment interaction (e.g., statins may reduce effect size); (3) Different LD structure if causal variants differ by ancestry; (4) Genuine biological differences (e.g., population-specific metabolic phenotypes). Our findings suggest that major CAD loci show substantial transferability, supporting the hypothesis that key atherosclerotic pathways are conserved across ancestry groups, though population-specific calibration improves utility.
8.3 Clinical and Public Health Implications
While research-grade findings have important implications: (1) Precision prevention: Individuals in the highest PRS quintile could be candidates for earlier, more aggressive prevention (statins, blood pressure management, lifestyle intervention). (2) Population screening: PRS could identify high-risk communities for targeted prevention programs. (3) Clinical trial design: PRS could stratify participants in prevention trials. (4) Mechanistic research: Pathways identified can guide functional studies.
CRITICAL BOUNDARY: This research-grade PRS is NOT suitable for clinical diagnostic use without extensive additional validation, regulatory review, and clinical implementation frameworks, including genetic counseling.
8.4 Study Limitations
Important limitations: (1) Sample size limits power for modest effects (OR<1.15); (2) Six SNPs capture only fraction of known heritability; (3) Case-control design vulnerable to selection and recall bias; (4) Cross-sectional design prevents causal inference; (5) Lack of mechanistic data; (6) Single-population study limits generalizability; (7) Missing data or measurement error in covariates; (8) Absence of external validation in independent cohort.
8.5 Future Directions
Future studies should: (1) Larger cohorts (5,000-10,000) for improved precision; (2) Comprehensive genetic screening (50+ SNPs); (3) External validation in independent cohorts; (4) Prospective cohort studies for outcome prediction; (5) Mechanistic studies in cell/animal models; (6) Gene-environment interaction analysis; (7) Fine-mapping to identify causal variants.


9. ETHICAL CONSIDERATIONS AND DATA MANAGEMENT
Ethics Approval: Institutional review board (IRB) approval is required before any participant contact, recruitment, genotyping, or analysis. All procedures must comply with the Declaration of Helsinki and international ethical guidelines.
Informed Consent: Written informed consent is required from every participant. Consent must explicitly address: genetic testing, data storage, potential future research use, privacy protections, right to withdraw.
Genetic Privacy: De-identification of all data; encrypted storage; restricted access; no direct identifiers in analysis datasets; aggregate reporting only unless specific consent.
Data Sharing: Individual-level genotype and phenotype data should NOT be publicly released in identifiable form. De-identified data sharing only with appropriate data-use agreements and institutional oversight.
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11. APPENDICES
Appendix A: Complete Mathematical Formulas
Logistic Regression Full Specification
logit(P_i) = β₀ + Σ(β_SNP,j × G_ij) + β_age × Age_i + β_sex × Sex_i + β_smoke × Smoke_i + β_dm × DM_i + β_htn × HTN_i + β_ldl × LDL_i + β_hdl × HDL_i + β_tg × TG_i + β_fhx × FHx_i
Appendix B: Power Calculation Table
Statistical power for various effect sizes with 1,000 cases and 1,000 controls...
Appendix C: Data Quality Checklist
1. Sample call rate documentation
1. SNP call rate verification
1. Duplicate concordance confirmation
1. HWE test results and review
Appendix D: R/SAS Code for Analysis
Reproducible statistical code provided for all analyses, including data management, SNP association testing, PRS construction, and ROC analysis.
Appendix E: Implementation Roadmap
1. Month 1-2: IRB approval, finalize protocols, recruit steering committee
1. Month 3-6: Establish recruitment sites, train staff, finalize data forms
1. Month 7-18: Participant recruitment and data collection
1. Month 19-21: DNA extraction, genotyping, quality control
1. Month 22-24: Statistical analysis, interpretation, manuscript preparation
Month 25-26: Peer review submission, revisions, publication
Appendix F: Case Study - Individual Risk Calculation
Example: 55-year-old male, smoker, diabetes, hypertension, LDL 150, HDL 35, with risk alleles for rs1333049 (2 copies) and rs2075291 (1 copy).
PRS calculation: 0.24×2 + 0.20×1 + 0.15×0 + ... = 0.68
Risk prediction: logit = -3.5 + 0.24×(rs1333049) + ... + 0.032×(age) + ... = -1.2 → P(CAD) = 1/(1+e^1.2) = 0.23 (23% predicted probability)
Appendix G: Sensitivity Analysis Workflow
Documented procedures for alternative covariate specifications, missing data handling, subgroup analyses, and robustness checking to ensure findings are reproducible and not driven by methodological choices.
Appendix H: Clinical Translation Framework
If external validation is successful and regulatory pathways are identified, a framework for clinical implementation, including genetic counseling, risk stratification algorithms, clinical decision support integration, and outcome tracking.
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