Table 1. Baseline clinical and demographic characteristics of participants with and without ischemic heart disease.
	Variable
	IHD Yes (n = 306)
	IHD No (n = 306)
	Test statistic
	p (raw)
	p (FDR)

	Age
	58.00 (51.00-67.00)
	55.00 (52.00-66.75)
	Mann-Whitney U
	0.862
	0.864

	TG
	255.50 (207.75-400.00)
	173.30 (145.82-197.47)
	Mann-Whitney U
	< 0.0001
	< 0.0001

	Cholesterol
	214.00 (130.00-300.00)
	177.80 (154.00-196.15)
	Mann-Whitney U
	< 0.0001
	< 0.0001

	VLDL
	105.00 (50.00-200.00)
	77.35 (67.50-88.70)
	Mann-Whitney U
	0.000
	0.000

	LDL
	122.00 (88.75-200.00)
	64.00 (56.02-79.60)
	Mann-Whitney U
	< 0.0001
	< 0.0001

	HDL
	87.00 (39.00-140.00)
	77.65 (47.92-101.92)
	Mann-Whitney U
	0.189
	0.231

	Male sex (%)
	183 (59.8%)
	134 (43.8%)
	Chi-square
	0.000
	0.000

	Diabetes (%)
	133 (43.5%)
	28 (9.2%)
	Chi-square
	< 0.0001
	< 0.0001

	Hypertension (%)
	199 (65.0%)
	25 (8.2%)
	Chi-square
	< 0.0001
	< 0.0001

	Family history of CVD/lipid disorder (%)
	133 (43.5%)
	2 (0.7%)
	Fisher's
	< 0.0001
	< 0.0001

	Current/former smoking (%)
	19 (6.2%)
	17 (5.6%)
	Chi-square
	0.864
	0.864


IQR, interquartile range; IHD, ischemic heart disease; TG, triglycerides; VLDL, very-low-density lipoprotein; LDL, low-density lipoprotein; HDL, high-density lipoprotein. Continuous variables were compared using the Mann-Whitney U test and are presented as median (IQR); categorical variables were compared using chi-square or Fisher exact tests. p-values were corrected using the Benjamini-Hochberg false discovery rate (FDR) procedure. 


Table 2. Genotype distribution and Hardy-Weinberg equilibrium (HWE) testing among IHD-negative controls.
	Gene (SNP)
	N
	MAF
	N (AA)
	N (Aa)
	N (aa)
	E (AA)
	E (Aa)
	E (aa)
	chi-square
	p (HWE)
	Status

	ADAMTS7 (rs3825807)
	306
	0.304
	146
	134
	26
	148.3
	129.5
	28.3
	0.375
	0.541
	Equilibrium

	ADAMTS13 (rs2301612)
	306
	0.951
	1
	28
	277
	0.7
	28.5
	276.7
	0.105
	0.746
	Equilibrium

	APOE (rs769452)
	306
	0.108
	266
	14
	26
	243.6
	58.9
	3.6
	177.788
	< 0.0001
	Deviation*

	AGT (rs699)
	306
	0.036
	286
	18
	2
	284.4
	21.2
	0.4
	7.006
	0.008
	Deviation*

	APOB (rs676210)
	306
	0.369
	165
	56
	85
	121.7
	142.5
	41.7
	112.795
	< 0.0001
	Deviation*

	MMP9 (rs3918242)
	306
	0.046
	283
	18
	5
	278.6
	26.7
	0.6
	32.585
	< 0.0001
	Deviation*

	MTHFR (rs1801133)
	306
	0.389
	78
	218
	10
	114.3
	145.4
	46.3
	76.15
	< 0.0001
	Deviation*

	ZC3HC1 (rs11556924)
	306
	0.284
	196
	46
	64
	156.7
	124.5
	24.7
	121.686
	< 0.0001
	Deviation*


MAF, minor allele frequency; N(AA)/N(Aa)/N(aa), observed counts of normal-homozygous, heterozygous, and minor-homozygous genotypes; E(AA)/E(Aa)/E(aa), Hardy-Weinberg expected counts. An HWE p-value < 0.05 indicates significant deviation and should be interpreted as a genotype-quality or population-structure caveat..


Table 3. Association between candidate SNP genotype and ischemic heart disease risk.
	Gene (SNP)
	Minor genotype
	MAF (cases)
	MAF (controls)
	Unadjusted OR (95% CI)
	Adjusted OR (95% CI)
	p (unadjusted)
	Direction in PRS

	ADAMTS7 (rs3825807)
	GG
	0.456
	0.304
	1.62 (1.32-1.99)
	1.89 (1.25-2.86)
	< 0.0001
	Risk up

	ADAMTS13 (rs2301612)
	AA
	0.619
	0.951
	0.10 (0.07-0.15)
	0.15 (0.08-0.28)
	< 0.0001
	Protective (reversed for PRS)

	APOE (rs769452)
	CC
	0.320
	0.108
	2.28 (1.78-2.91)
	2.16 (1.42-3.29)
	< 0.0001
	Risk up

	AGT (rs699)
	GG
	0.111
	0.036
	2.03 (1.38-2.99)
	2.71 (1.30-5.66)
	0.000
	Risk up

	APOB (rs676210)
	AA
	0.230
	0.369
	0.66 (0.54-0.80)
	0.77 (0.52-1.15)
	< 0.0001
	Protective (reversed for PRS)

	MMP9 (rs3918242)
	TT
	0.105
	0.046
	1.73 (1.20-2.49)
	2.42 (1.27-4.61)
	0.003
	Risk up

	MTHFR (rs1801133)
	AA
	0.500
	0.389
	4.34 (2.71-6.96)
	2.71 (1.18-6.22)
	< 0.0001
	Risk up

	ZC3HC1 (rs11556924)
	TT
	0.353
	0.284
	1.25 (1.02-1.53)
	1.22 (0.83-1.81)
	0.032
	Risk up


OR, odds ratio; CI, confidence interval; PRS, polygenic risk score. Adjusted models included age, sex, diabetes, hypertension, family history, smoking, TG, cholesterol, VLDL, LDL, and HDL (the full 11-covariate set; this covariate set is unchanged for Tables 3 and 4). For protective associations, dose was reversed (2 - dose) so that every SNP contributes in a risk-increasing direction to the PRS. 


Table 4. Genetic inheritance model analysis: pre-specified primary additive model and secondary dominant, recessive, and codominant models for each SNP.
	Gene (SNP)
	Genetic model
	OR (95% CI)
	p
	p (Bonferroni)
	p (FDR)

	ADAMTS7 (rs3825807)
	Additive (primary, pre-specified)
	1.89 (1.25-2.86)
	0.003
	0.108
	0.006

	
	Dominant (secondary)
	1.53 (0.80-2.93)
	0.196
	1.000
	0.249

	
	Recessive (secondary)
	6.00 (2.69-13.40)
	< 0.0001
	< 0.0001
	< 0.0001

	
	Codominant (secondary, Het vs Normal)
	0.51 (0.21-1.21)
	0.127
	1.000
	0.188

	
	Codominant (secondary, Minor vs Normal)
	5.00 (2.19-11.42)
	0.000
	0.004
	0.001

	ADAMTS13 (rs2301612)
	Additive (primary, pre-specified)
	6.85 (3.57-13.12)
	< 0.0001
	< 0.0001
	< 0.0001

	
	Dominant (secondary)
	8.57 (4.08-17.99)
	< 0.0001
	< 0.0001
	< 0.0001

	
	Recessive (secondary)
	63.99 (6.33-646.50)
	0.000
	0.016
	0.002

	
	Codominant (secondary, Het vs Normal)
	5.64 (2.54-12.50)
	< 0.0001
	< 0.0001
	< 0.0001

	
	Codominant (secondary, Minor vs Normal)
	94.83 (9.43-953.78)
	0.000
	0.004
	0.001

	APOE (rs769452)
	Additive (primary, pre-specified)
	2.16 (1.42-3.29)
	0.000
	0.012
	0.001

	
	Dominant (secondary)
	4.44 (2.12-9.26)
	0.000
	0.004
	0.001

	
	Recessive (secondary)
	3.10 (1.35-7.11)
	0.007
	0.300
	0.015

	
	Codominant (secondary, Het vs Normal)
	5.14 (1.80-14.61)
	0.002
	0.088
	0.005

	
	Codominant (secondary, Minor vs Normal)
	4.06 (1.72-9.60)
	0.001
	0.056
	0.005

	AGT (rs699)
	Additive (primary, pre-specified)
	2.71 (1.30-5.66)
	0.008
	0.320
	0.015

	
	Dominant (secondary)
	2.53 (0.89-7.25)
	0.083
	1.000
	0.133

	
	Recessive (secondary)
	24.11 (3.36-172.95)
	0.002
	0.060
	0.005

	
	Codominant (secondary, Het vs Normal)
	0.50 (0.09-2.96)
	0.448
	1.000
	0.485

	
	Codominant (secondary, Minor vs Normal)
	23.07 (3.18-167.37)
	0.002
	0.076
	0.005

	APOB (rs676210)
	Additive (primary, pre-specified)
	1.29 (0.87-1.91)
	0.201
	1.000
	0.249

	
	Dominant (secondary)
	1.63 (0.76-3.49)
	0.206
	1.000
	0.249

	
	Recessive (secondary)
	1.46 (0.74-2.90)
	0.274
	1.000
	0.322

	
	Codominant (secondary, Het vs Normal)
	1.47 (0.53-4.12)
	0.462
	1.000
	0.486

	
	Codominant (secondary, Minor vs Normal)
	1.69 (0.76-3.75)
	0.194
	1.000
	0.249

	MMP9 (rs3918242)
	Additive (primary, pre-specified)
	2.42 (1.27-4.61)
	0.007
	0.292
	0.015

	
	Dominant (secondary)
	2.20 (0.77-6.27)
	0.140
	1.000
	0.195

	
	Recessive (secondary)
	14.49 (3.40-61.80)
	0.000
	0.012
	0.001

	
	Codominant (secondary, Het vs Normal)
	0.32 (0.07-1.47)
	0.142
	1.000
	0.195

	
	Codominant (secondary, Minor vs Normal)
	13.32 (3.05-58.22)
	0.001
	0.024
	0.002

	MTHFR (rs1801133)
	Additive (primary, pre-specified)
	2.71 (1.18-6.22)
	0.018
	0.732
	0.033

	
	Dominant (secondary)
	4.95 (1.73-14.16)
	0.003
	0.112
	0.006

	
	Recessive (secondary)
	0.10 (0.01-1.14)
	0.063
	1.000
	0.105

	
	Codominant (secondary, Het vs Normal)
	5.34 (1.85-15.38)
	0.002
	0.076
	0.005

	
	Codominant (secondary, Minor vs Normal)
	0.36 (0.03-4.91)
	0.441
	1.000
	0.485

	ZC3HC1 (rs11556924)
	Additive (primary, pre-specified)
	1.22 (0.83-1.81)
	0.313
	1.000
	0.357

	
	Dominant (secondary)
	1.76 (0.91-3.41)
	0.095
	1.000
	0.147

	
	Recessive (secondary)
	1.00 (0.45-2.24)
	0.994
	1.000
	0.994

	
	Codominant (secondary, Het vs Normal)
	2.67 (1.13-6.32)
	0.026
	1.000
	0.044

	
	Codominant (secondary, Minor vs Normal)
	1.23 (0.53-2.81)
	0.631
	1.000
	0.648


OR, odds ratio; CI, confidence interval. All models were adjusted for the full prespecified 11-covariate set (age, sex, diabetes, hypertension, family history, smoking, TG, cholesterol, VLDL, LDL, HDL) 


Table 5. Ischemic heart disease risk stratification by classic weighted and unweighted polygenic risk scores.
	PRS stratum
	Weighted PRS: IHD rate (n)
	Unweighted PRS: IHD rate (n)

	Tertile-based stratification

	Tertile 1 (low)
	15.6% (250)
	22.7% (313)

	Tertile 2 (mid)
	50.9% (159)
	55.4% (101)

	Tertile 3 (high)
	91.6% (203)
	90.4% (198)

	Quartile-based stratification

	Quartile 1
	19.6% (153)
	16.8% (167)

	Quartile 2
	25.9% (174)
	29.5% (146)

	Quartile 3
	67.4% (132)
	68.4% (174)

	Quartile 4
	92.8% (153)
	92.8% (125)


PRS, polygenic risk score. Unweighted PRS = simple sum of risk-aligned SNP doses. Weighted PRS = sum of risk-aligned dose weighted by covariate-adjusted logistic-regression beta. Five-fold cross-validated AUC: unweighted = 0.829; weighted = 0.861. Per-SNP weights (including the ElasticNet-shrunk sensitivity weights) are provided in Supplementary Table S2. 

2

Table 6. Condensed comparison of machine-learning classifiers and epistasis-weighted polygenic risk-score formulations for IHD classification, train (80%, 5-fold CV) and test (20% holdout).
	Model / PRS type
	Category
	AUC (95% CI)
	Accuracy
	F1 (case)
	Note

	
	
	Train (80%, 5-fold CV)
	Test (20% holdout)
	Train (80%)
	Test (20%)
	Train (80%)
	Test (20%)
	

	ML (with PRS) -- cumulative weighted PRS + covariates

	Logistic Regression
	ML classifier
	0.979 (0.966-0.989)
	0.983 (0.964-0.995)
	0.930
	0.911
	0.929
	0.911
	Not covered by nested-CV/.632 checks (those cover ML without PRS only, see Table S3)

	RandomForest
	ML classifier
	0.996 (0.994-0.999)
	0.996 (0.988-1.000)
	0.959
	0.967
	0.960
	0.968
	Not covered by nested-CV/.632 checks (those cover ML without PRS only, see Table S3)

	XGBoost
	ML classifier
	0.994 (0.989-0.998)
	0.995 (0.986-0.999)
	0.963
	0.959
	0.963
	0.959
	Not covered by nested-CV/.632 checks (those cover ML without PRS only, see Table S3)

	LightGBM
	ML classifier
	0.995 (0.991-0.998)
	0.994 (0.985-0.999)
	0.961
	0.943
	0.960
	0.942
	Not covered by nested-CV/.632 checks (those cover ML without PRS only, see Table S3)

	ML (without PRS) -- 8 raw SNP risk-doses + covariates

	Logistic Regression
	ML classifier
	0.975 (0.962-0.986)
	0.984 (0.968-0.996)
	0.922
	0.919
	0.921
	0.919
	Nested-CV 0.977 (0.963-0.991); .632 OOB 0.976 (0.959-0.991)

	RandomForest
	ML classifier
	0.998 (0.996-0.999)
	0.998 (0.993-1.000)
	0.973
	0.984
	0.974
	0.984
	Nested-CV 0.998 (0.996-1.000); .632 OOB 0.998 (0.995-1.000)

	XGBoost
	ML classifier
	0.995 (0.992-0.998)
	0.999 (0.996-1.000)
	0.965
	0.992
	0.965
	0.992
	Nested-CV 0.998 (0.995-1.000); .632 OOB 0.997 (0.991-1.000)

	LightGBM
	ML classifier
	0.996 (0.992-0.999)
	0.997 (0.991-1.000)
	0.969
	0.967
	0.969
	0.967
	Nested-CV 0.998 (0.997-0.999); .632 OOB 0.997 (0.992-1.000)

	Epistasis-weighted candidate-gene PRS (3 tiers, PRS-only formulation)

	EW-cgPRS-I
	Epistasis-weighted PRS (Tier 1: MI network propagation)
	0.857 (0.821-0.889)
	0.857 (0.783-0.920)
	0.802
	0.821
	0.790
	0.804
	Not significantly different from PRS-Weighted (DeLong p=0.7405); Repeated-split (100 seeds) 0.855 (0.781-0.920); Nested-CV 0.864 (0.815-0.917)

	EW-cgPRS-II
	Epistasis-weighted PRS (Tier 2: + functional-annotation weighting)
	0.848 (0.811-0.882)
	0.861 (0.788-0.922)
	0.793
	0.821
	0.779
	0.804
	Not significantly different from PRS-Weighted (DeLong p=0.1946); Repeated-split (100 seeds) 0.855 (0.780-0.917); Nested-CV 0.855 (0.800-0.882)

	EW-cgPRS-III
	Epistasis-weighted PRS (Tier 3: + unified GxE interaction model)
	0.971 (0.954-0.986)
	0.969 (0.928-0.993)
	0.933
	0.919
	0.931
	0.917
	significantly BETTER than PRS-Weighted (DeLong p=0.0049); Repeated-split (100 seeds) 0.977 (0.954-0.992); Nested-CV 0.972 (0.951-0.996)





