Supplementary Table S1. Primer sequences, annealing temperatures and expected amplicon sizes for tetra-primer ARMS–PCR genotyping of the eight candidate variants.

	

Gene
	SNP
	Primer ID
	Primer sequence (5'–3')
	Tm
	Product size

	ADAMTS7
	rs3825807
	Forward inner A allele
	AACGCTCCCGTCGAGTCA
	63 °C
	124 bp

	
	
	Reverse inner G allele
	TCCAGTGTACCCAGAGCTCGA
	
	140 bp

	
	
	Forward outer
	TGGCATCAGCTACTACCAGGGT
	
	225 bp

	
	
	Reverse outer 
	CCCAGAGAGAGCTCACTGAGGA
	
	

	ADAMTS13
	rs2301612
	Forward inner G allele
	AAGACCCAGCTGGAGTTCATGTCGAAG
	70 °C
	177 bp

	
	
	Reverse inner A allele
	TCGGTCCTGGCGCACGGT
	
	256 bp

	
	
	Forward outer
	GATTCCCCGGGGTTTTCCCATC
	
	388 bp

	
	
	Reverse outer
	CTGTCCGAGGGTCTCCAGGGCT
	
	

	APOE
	rs769452
	Forward inner G allele
	GCCAGCGCTGGGAACAGG
	67 °C
	195 bp

	
	
	Reverse inner C allele
	AATCCCAAAAGCGACCCAGAGG
	
	176 bp

	
	
	Forward outer
	ACTAGATGCCTGGACGGGGTCA
	
	331 bp

	
	
	Reverse outer
	CAGGGGCAGAATGAAACCTGGA
	
	

	AGT
	M235T (rs699)
	Forward inner A allele
	AGGGTGCTGTCCACACTGGCTCACA
	73 °C
	155 bp

	
	
	Reverse inner G allele
	GACAGGATGGAAGACTGGCTGCTCCCTTAC
	
	106 bp

	
	
	Forward outer
	GCCAGCAGAGAGGTTTGCCTTACCTTGG
	
	206 bp

	
	
	Reverse outer
	AGGGCCTGGCTCTCTATACCCCTGTGGT
	
	

	APOB
	rs676210
	Forward inner G allele
	AGATGTGGGGAAGCTGGAATTATG
	64 °C
	162 bp

	
	
	Reverse inner A allele
	TTCAAGTTCCTGACCTTCACATCCT
	
	182 bp

	
	
	Forward outer
	AGCTGCGATACCTGCTTCGTTT
	
	295 bp

	
	
	Reverse outer
	CAGGGATCTGAAGGTGGAGGAC
	
	

	MMP9
	rs3918242
	Forward inner T allele
	AAATTTAGCCAGGCGTGGTGGCGAAT
	69 °C
	221 bp

	
	
	Reverse inner C allele
	GCCTCCCGAGTAGCTGGTATTATAGTCG
	
	167 bp

	
	
	Forward outer
	CTCATGCCCGTAATCCTAGCACTTTGG
	
	334 bp

	
	
	Reverse outer
	GCCCTATTTGGGAAAAACCTGCTAACAA
	
	

	MTHFR
	rs1801133
	Forward inner G allele
	CAAAGAAAAGCTGCGTGATGATGAAATAGG
	71 °C
	208 bp

	
	
	Reverse inner A allele
	TTGAAGGAGAAGGTGTCTGCGGGCGT
	
	247 bp

	
	
	Forward outer
	AAGAACTCAGCGAACTCAGCACTCCACC
	
	399 bp

	
	
	Reverse outer
	AAAGCAGAGGACTCTCTCTGCCCAGTCC
	
	

	ZC3HC1
	rs11556924
	Forward inner C allele
	GGCTAGCAGCCTCTGGCTCAGTAC
	66 °C
	244 bp

	
	
	Reverse inner T allele
	GGGACTCTTCCAGTCCTGTTGAACA
	
	278 bp

	
	
	Forward outer
	TTTTTGCATTGGACCACGGAAG
	
	473 bp

	
	
	Reverse outer
	ATGAGCCAAGATCGCCTCACTG
	
	























Supplementary Table S2. SNP weights used to construct the classic weighted polygenic risk score (PRS), with sensitivity and epistasis-tier weighting alternatives.
	Gene
	rsID
	Classic logistic beta (primary)
	ElasticNet-shrunk beta (sensitivity)
	Functional-annotation tier (Tier 2)
	f_j (Tier 2 weight)

	ADAMTS7
	rs3825807
	+0.637
	+0.369
	HIGH
	1.320

	ADAMTS13
	rs2301612
	+1.924
	+1.633
	MODERATE
	0.777

	APOE
	rs769452
	+0.772
	+0.627
	MODERATE-HIGH
	1.010

	AGT
	rs699
	+0.997
	+0.388
	MODERATE
	0.777

	APOB
	rs676210
	+0.256
	+0.508
	HIGH
	1.320

	MMP9
	rs3918242
	+0.883
	+0.271
	MODERATE
	0.777

	MTHFR
	rs1801133
	+0.998
	+0.882
	MODERATE-HIGH
	1.010

	ZC3HC1
	rs11556924
	+0.203
	+0.218
	MODERATE-HIGH
	1.010


Classic weight = covariate-adjusted logistic-regression beta for the risk-aligned SNP dose (adjustment set: age, sex, diabetes, hypertension, family history, smoking, TG, cholesterol, VLDL, LDL, HDL). 

Supplementary Table S3. Quantitative trait analysis (QTL-style): SNP risk-dose and classic weighted PRS versus continuous lipid traits, covariate-adjusted linear regression.
	Predictor
	Trait
	Beta
	95% CI
	p (raw)
	q (FDR)
	N

	ADAMTS7 (rs3825807)
	TG
	2.0802
	-10.6489 to 14.8094
	0.748
	0.849
	612

	ADAMTS7 (rs3825807)
	Cholesterol
	3.4353
	-7.3255 to 14.1962
	0.531
	0.724
	612

	ADAMTS7 (rs3825807)
	VLDL
	7.8057
	-0.0809 to 15.6924
	0.052
	0.124
	612

	ADAMTS7 (rs3825807)
	LDL
	-2.4706
	-10.8263 to 5.8851
	0.562
	0.743
	612

	ADAMTS7 (rs3825807)
	HDL
	-0.3186
	-7.3398 to 6.7025
	0.929
	0.950
	612

	ADAMTS13 (rs2301612)
	TG
	26.4791
	9.9259 to 43.0322
	0.002
	0.008
	612

	ADAMTS13 (rs2301612)
	Cholesterol
	18.6622
	4.6304 to 32.6940
	0.009
	0.026
	612

	ADAMTS13 (rs2301612)
	VLDL
	2.1556
	-8.2138 to 12.5249
	0.683
	0.849
	612

	ADAMTS13 (rs2301612)
	LDL
	24.4953
	13.7151 to 35.2755
	< 0.0001
	0.000
	612

	ADAMTS13 (rs2301612)
	HDL
	7.3937
	-1.7913 to 16.5787
	0.114
	0.192
	612

	APOE (rs769452)
	TG
	17.8943
	4.2620 to 31.5266
	0.010
	0.027
	612

	APOE (rs769452)
	Cholesterol
	22.9901
	11.5463 to 34.4339
	0.000
	0.001
	612

	APOE (rs769452)
	VLDL
	11.6990
	3.2321 to 20.1659
	0.007
	0.021
	612

	APOE (rs769452)
	LDL
	12.6316
	3.6890 to 21.5743
	0.006
	0.018
	612

	APOE (rs769452)
	HDL
	6.6942
	-0.8468 to 14.2352
	0.082
	0.160
	612

	AGT (rs699)
	TG
	-3.0829
	-24.0733 to 17.9074
	0.773
	0.849
	612

	AGT (rs699)
	Cholesterol
	13.0143
	-4.7053 to 30.7339
	0.150
	0.241
	612

	AGT (rs699)
	VLDL
	-32.4769
	-45.2616 to -19.6922
	< 0.0001
	< 0.0001
	612

	AGT (rs699)
	LDL
	20.7973
	7.1157 to 34.4790
	0.003
	0.010
	612

	AGT (rs699)
	HDL
	-17.8627
	-29.3521 to -6.3733
	0.002
	0.009
	612

	APOB (rs676210)
	TG
	25.8799
	13.4748 to 38.2851
	< 0.0001
	0.000
	612

	APOB (rs676210)
	Cholesterol
	-0.1298
	-10.7640 to 10.5044
	0.981
	0.981
	612

	APOB (rs676210)
	VLDL
	14.4453
	6.7154 to 22.1752
	0.000
	0.002
	612

	APOB (rs676210)
	LDL
	4.1687
	-4.0815 to 12.4190
	0.321
	0.482
	612

	APOB (rs676210)
	HDL
	-3.0432
	-9.9752 to 3.8889
	0.389
	0.565
	612

	MMP9 (rs3918242)
	TG
	-14.5358
	-35.7370 to 6.6654
	0.179
	0.277
	612

	MMP9 (rs3918242)
	Cholesterol
	2.9322
	-15.0203 to 20.8847
	0.749
	0.849
	612

	MMP9 (rs3918242)
	VLDL
	-35.3052
	-48.1954 to -22.4150
	< 0.0001
	< 0.0001
	612

	MMP9 (rs3918242)
	LDL
	12.6861
	-1.2175 to 26.5898
	0.074
	0.154
	612

	MMP9 (rs3918242)
	HDL
	-18.4031
	-30.0212 to -6.7850
	0.002
	0.008
	612

	MTHFR (rs1801133)
	TG
	19.8278
	-4.7767 to 44.4323
	0.114
	0.192
	612

	MTHFR (rs1801133)
	Cholesterol
	4.8600
	-15.9844 to 25.7043
	0.647
	0.832
	612

	MTHFR (rs1801133)
	VLDL
	15.1104
	-0.1642 to 30.3850
	0.052
	0.124
	612

	MTHFR (rs1801133)
	LDL
	13.5286
	-2.6228 to 29.6801
	0.101
	0.188
	612

	MTHFR (rs1801133)
	HDL
	12.3087
	-1.2541 to 25.8715
	0.075
	0.154
	612

	ZC3HC1 (rs11556924)
	TG
	0.6710
	-12.3809 to 13.7230
	0.920
	0.950
	612

	ZC3HC1 (rs11556924)
	Cholesterol
	10.7612
	-0.2417 to 21.7642
	0.055
	0.124
	612

	ZC3HC1 (rs11556924)
	VLDL
	6.5049
	-1.5897 to 14.5995
	0.115
	0.192
	612

	ZC3HC1 (rs11556924)
	LDL
	1.2899
	-7.2788 to 9.8587
	0.768
	0.849
	612

	ZC3HC1 (rs11556924)
	HDL
	2.5231
	-4.6728 to 9.7189
	0.491
	0.691
	612

	PRS (weighted)
	TG
	9.4697
	3.9433 to 14.9961
	0.001
	0.004
	612

	PRS (weighted)
	Cholesterol
	9.1052
	4.4450 to 13.7653
	0.000
	0.001
	612

	PRS (weighted)
	VLDL
	0.2145
	-3.2519 to 3.6810
	0.903
	0.950
	612

	PRS (weighted)
	LDL
	9.7636
	6.1855 to 13.3418
	< 0.0001
	< 0.0001
	612

	PRS (weighted)
	HDL
	0.5964
	-2.4797 to 3.6725
	0.704
	0.849
	612


CI, confidence interval; FDR, false discovery rate. 












Supplementary Table S4. Full classification performance for the four machine-learning classifiers, both feature sets, train (80%, 5-fold CV) versus test (20%) holdout.
	Model
	Split
	Class
	Precision
	Recall
	F1-score
	Support
	Accuracy (overall)
	AUC (95% CI, bootstrap)
	Brier
	Note

	ML without PRS: raw SNP risk-doses + covariates

	Logistic Regression
	Train (80%, 5-fold CV)
	No
	0.906
	0.943
	0.924
	244
	0.922
	0.975 (0.962-0.986)
	0.054
	CV-fold AUC 0.977 (SD 0.015; range 0.950-0.991); see Table S3

	
	Train (80%, 5-fold CV)
	Yes
	0.940
	0.902
	0.921
	245
	
	
	
	

	Logistic Regression
	Test (20% holdout)
	No
	0.933
	0.903
	0.918
	62
	0.919
	0.984 (0.968-0.996)
	0.056
	

	
	Test (20% holdout)
	Yes
	0.905
	0.934
	0.919
	61
	
	
	
	

	RandomForest
	Train (80%, 5-fold CV)
	No
	0.975
	0.971
	0.973
	244
	0.973
	0.998 (0.996-0.999)
	0.026
	CV-fold AUC 0.997 (SD 0.002; range 0.995-1.000); see Table S3

	
	Train (80%, 5-fold CV)
	Yes
	0.972
	0.976
	0.974
	245
	
	
	
	

	RandomForest
	Test (20% holdout)
	No
	1.000
	0.968
	0.984
	62
	0.984
	0.998 (0.993-1.000)
	0.025
	

	
	Test (20% holdout)
	Yes
	0.968
	1.000
	0.984
	61
	
	
	
	

	XGBoost
	Train (80%, 5-fold CV)
	No
	0.960
	0.971
	0.965
	244
	0.965
	0.995 (0.992-0.998)
	0.026
	CV-fold AUC 0.995 (SD 0.004; range 0.988-1.000); see Table S3

	
	Train (80%, 5-fold CV)
	Yes
	0.971
	0.959
	0.965
	245
	
	
	
	

	XGBoost
	Test (20% holdout)
	No
	1.000
	0.984
	0.992
	62
	0.992
	0.999 (0.996-1.000)
	0.012
	

	
	Test (20% holdout)
	Yes
	0.984
	1.000
	0.992
	61
	
	
	
	

	LightGBM
	Train (80%, 5-fold CV)
	No
	0.964
	0.975
	0.969
	244
	0.969
	0.996 (0.992-0.999)
	0.027
	CV-fold AUC 0.996 (SD 0.003; range 0.993-1.000); see Table S3

	
	Train (80%, 5-fold CV)
	Yes
	0.975
	0.963
	0.969
	245
	
	
	
	

	LightGBM
	Test (20% holdout)
	No
	0.968
	0.968
	0.968
	62
	0.967
	0.997 (0.991-1.000)
	0.029
	

	
	Test (20% holdout)
	Yes
	0.967
	0.967
	0.967
	61
	
	
	
	

	ML with PRS: cumulative weighted PRS + covariates

	Logistic Regression
	Train (80%, 5-fold CV)
	No
	0.913
	0.951
	0.932
	244
	0.930
	0.979 (0.966-0.989)
	0.050
	CV-fold AUC 0.981 (SD 0.013; range 0.957-0.995); see Table S3

	
	Train (80%, 5-fold CV)
	Yes
	0.949
	0.910
	0.929
	245
	
	
	
	

	Logistic Regression
	Test (20% holdout)
	No
	0.918
	0.903
	0.911
	62
	0.911
	0.983 (0.964-0.995)
	0.054
	

	
	Test (20% holdout)
	Yes
	0.903
	0.918
	0.911
	61
	
	
	
	

	RandomForest
	Train (80%, 5-fold CV)
	No
	0.967
	0.951
	0.959
	244
	0.959
	0.996 (0.994-0.999)
	0.028
	CV-fold AUC 0.996 (SD 0.003; range 0.994-1.000); see Table S3

	
	Train (80%, 5-fold CV)
	Yes
	0.952
	0.967
	0.960
	245
	
	
	
	

	RandomForest
	Test (20% holdout)
	No
	0.983
	0.952
	0.967
	62
	0.967
	0.996 (0.988-1.000)
	0.029
	

	
	Test (20% holdout)
	Yes
	0.952
	0.984
	0.968
	61
	
	
	
	

	XGBoost
	Train (80%, 5-fold CV)
	No
	0.956
	0.971
	0.963
	244
	0.963
	0.994 (0.989-0.998)
	0.029
	CV-fold AUC 0.994 (SD 0.004; range 0.989-0.999); see Table S3

	
	Train (80%, 5-fold CV)
	Yes
	0.971
	0.955
	0.963
	245
	
	
	
	

	XGBoost
	Test (20% holdout)
	No
	0.967
	0.952
	0.959
	62
	0.959
	0.995 (0.986-0.999)
	0.031
	

	
	Test (20% holdout)
	Yes
	0.952
	0.967
	0.959
	61
	
	
	
	

	LightGBM
	Train (80%, 5-fold CV)
	No
	0.945
	0.980
	0.962
	244
	0.961
	0.995 (0.991-0.998)
	0.032
	CV-fold AUC 0.995 (SD 0.003; range 0.990-0.999); see Table S3

	
	Train (80%, 5-fold CV)
	Yes
	0.979
	0.943
	0.960
	245
	
	
	
	

	LightGBM
	Test (20% holdout)
	No
	0.937
	0.952
	0.944
	62
	0.943
	0.994 (0.985-0.999)
	0.041
	

	
	Test (20% holdout)
	Yes
	0.950
	0.934
	0.942
	61
	
	
	
	



Supplementary Table S5. Full master comparison of classic and epistasis-weighted PRS formulations across model formulations and both splits.
	PRS type
	Status
	Model formulation
	AUC (95% CI)
	AUPRC
	F1
	Accuracy
	Precision
	Recall
	MCC
	Brier

	Train (80%) 5-fold CV

	PRS-Unweighted
	Reference (naive)
	PRS-only
	0.840 (0.804-0.875)
	0.839
	0.788
	0.793
	0.810
	0.767
	0.588
	0.156

	PRS-Unweighted
	Reference (naive)
	Additive
	0.974 (0.959-0.987)
	0.980
	0.929
	0.930
	0.953
	0.906
	0.862
	0.053

	PRS-Weighted
	RECOMMENDED (primary)
	PRS-only
	0.846 (0.809-0.881)
	0.860
	0.777
	0.791
	0.836
	0.727
	0.588
	0.153

	PRS-Weighted
	RECOMMENDED (primary)
	Additive
	0.973 (0.958-0.986)
	0.978
	0.928
	0.928
	0.941
	0.914
	0.857
	0.054

	EW-cgPRS-I
	Not significantly different from PRS-Weighted (DeLong p=0.7405)
	PRS-only
	0.857 (0.821-0.889)
	0.865
	0.790
	0.802
	0.843
	0.743
	0.608
	0.151

	EW-cgPRS-I
	Not significantly different from PRS-Weighted (DeLong p=0.7405)
	Additive
	0.974 (0.959-0.986)
	0.979
	0.928
	0.928
	0.941
	0.914
	0.857
	0.053

	EW-cgPRS-II
	Not significantly different from PRS-Weighted (DeLong p=0.1946)
	PRS-only
	0.848 (0.811-0.882)
	0.867
	0.779
	0.793
	0.840
	0.727
	0.592
	0.151

	EW-cgPRS-II
	Not significantly different from PRS-Weighted (DeLong p=0.1946)
	Additive
	0.974 (0.959-0.986)
	0.978
	0.932
	0.933
	0.945
	0.918
	0.865
	0.054

	EW-cgPRS-III
	significantly BETTER than PRS-Weighted (DeLong p=0.0049)
	PRS-only
	0.971 (0.954-0.986)
	0.977
	0.931
	0.933
	0.953
	0.910
	0.866
	0.053

	EW-cgPRS-III
	significantly BETTER than PRS-Weighted (DeLong p=0.0049)
	Additive
	0.971 (0.952-0.986)
	0.979
	0.927
	0.928
	0.945
	0.910
	0.857
	0.052

	Test (20%) holdout

	PRS-Unweighted
	Reference (naive)
	PRS-only
	0.805 (0.725-0.881)
	0.812
	0.734
	0.724
	0.701
	0.770
	0.450
	0.176

	PRS-Unweighted
	Reference (naive)
	Additive
	0.984 (0.962-0.997)
	0.985
	0.918
	0.919
	0.918
	0.918
	0.837
	0.053

	PRS-Weighted
	RECOMMENDED (primary)
	PRS-only
	0.858 (0.784-0.920)
	0.872
	0.796
	0.813
	0.865
	0.738
	0.632
	0.145

	PRS-Weighted
	RECOMMENDED (primary)
	Additive
	0.984 (0.967-0.996)
	0.984
	0.911
	0.911
	0.903
	0.918
	0.821
	0.055

	EW-cgPRS-I
	Not significantly different from PRS-Weighted (DeLong p=0.7405)
	PRS-only
	0.857 (0.783-0.920)
	0.869
	0.804
	0.821
	0.882
	0.738
	0.650
	0.145

	EW-cgPRS-I
	Not significantly different from PRS-Weighted (DeLong p=0.7405)
	Additive
	0.985 (0.968-0.997)
	0.985
	0.911
	0.911
	0.903
	0.918
	0.821
	0.052

	EW-cgPRS-II
	Not significantly different from PRS-Weighted (DeLong p=0.1946)
	PRS-only
	0.861 (0.788-0.922)
	0.877
	0.804
	0.821
	0.882
	0.738
	0.650
	0.145

	EW-cgPRS-II
	Not significantly different from PRS-Weighted (DeLong p=0.1946)
	Additive
	0.984 (0.967-0.996)
	0.985
	0.911
	0.911
	0.903
	0.918
	0.821
	0.053

	EW-cgPRS-III
	significantly BETTER than PRS-Weighted (DeLong p=0.0049)
	PRS-only
	0.969 (0.928-0.993)
	0.977
	0.917
	0.919
	0.932
	0.902
	0.838
	0.062

	EW-cgPRS-III
	significantly BETTER than PRS-Weighted (DeLong p=0.0049)
	Additive
	0.969 (0.928-0.994)
	0.978
	0.917
	0.919
	0.932
	0.902
	0.838
	0.060



















Supplementary Table S6. Sensitivity analyses of the classic weighted polygenic risk score (PRS).
	Sensitivity check
	Comparator A
	Comparator B
	Result

	Functional-annotation weighting
	Classic weighted PRS (test AUC 0.858, 95% CI 0.784-0.920)
	EW-cgPRS-II / consequence-weighted sensitivity (test AUC 0.852, 95% CI 0.780-0.915)
	Not significantly different from the classic weighted PRS (DeLong p=0.4695; test AUC delta=-0.009). Full comparison in Table 6 / Table S6.

	ElasticNet-shrunk beta weighting
	Classic (unpenalized) weighted PRS (5-fold CV AUC 0.861)
	ElasticNet-shrunk-beta PRS (5-fold CV AUC 0.871)
	ElasticNet-shrunk weighting gives a slightly higher 5-fold CV AUC (+0.010); not formally DeLong-tested. Per-SNP weight comparison in Table S1.

	HWE-restricted sensitivity analysis
	Classic weighted PRS, all 8 SNPs (6 of 8 fail HWE; 5-fold CV AUC 0.861)
	PRS restricted to HWE-passing SNPs only (ADAMTS7 (rs3825807), ADAMTS13 (rs2301612): 2 of 8 SNPs; 5-fold CV AUC 0.769)
	Restricting to the 2 HWE-passing SNPs reduces discrimination substantially (-0.092 AUC), indicating a meaningful share of the classic PRS's signal comes from SNPs carrying an unresolved HWE flag; individual ORs for those SNPs should be treated cautiously (see Table 2).

	Permutation test (chance-level check)
	Observed (resubstitution) AUC, classic weighted PRS: 0.862
	Permutation-null distribution: mean AUC 0.518 (SD 0.015), N=1000 label-shuffles
	Permutation p=0.0010, indicating the classic weighted PRS's discrimination is very unlikely to arise by chance.


















Supplementary Table S7. Robustness and generalization checks for the machine-learning classifiers and PRS formulations.
	Model
	AUC (point estimate)
	Variability / range
	.632 AUC (optimism-corrected)
	Additional detail

	Repeated 80:20 splits (100 seeds, seeds 0-99), test-set AUC

	EW-cgPRS-I
	0.855
	SD 0.039; 95% CI 0.781-0.920
	--
	

	EW-cgPRS-II
	0.855
	SD 0.040; 95% CI 0.780-0.917
	--
	

	EW-cgPRS-III
	0.977
	SD 0.011; 95% CI 0.954-0.992
	--
	

	LightGBM
	0.997
	SD 0.002; 95% CI 0.993-1.000
	--
	

	LogisticRegression
	0.978
	SD 0.012; 95% CI 0.951-0.995
	--
	

	PRS-Unweighted
	0.836
	SD 0.035; 95% CI 0.768-0.897
	--
	

	PRS-Weighted (classic)
	0.854
	SD 0.040; 95% CI 0.780-0.916
	--
	

	RandomForest
	0.998
	SD 0.002; 95% CI 0.994-1.000
	--
	

	XGBoost
	0.997
	SD 0.002; 95% CI 0.992-1.000
	--
	

	Nested CV (outer 5-fold / inner 3-fold grid search)

	LogisticRegression
	0.977
	SD 0.010; range 0.963-0.991
	--
	Recommended primary generalization estimate

	RandomForest
	0.998
	SD 0.002; range 0.996-1.000
	--
	Recommended primary generalization estimate

	XGBoost
	0.998
	SD 0.002; range 0.995-1.000
	--
	Recommended primary generalization estimate

	LightGBM
	0.998
	SD 0.001; range 0.997-0.999
	--
	Recommended primary generalization estimate

	PRS-Unweighted
	0.847
	SD 0.030; range 0.816-0.892
	--
	Recommended primary generalization estimate

	PRS-Weighted
	0.852
	SD 0.035; range 0.789-0.885
	--
	Recommended primary generalization estimate

	EW-cgPRS-I
	0.864
	SD 0.035; range 0.815-0.917
	--
	Recommended primary generalization estimate

	EW-cgPRS-II
	0.855
	SD 0.030; range 0.800-0.882
	--
	Recommended primary generalization estimate

	EW-cgPRS-III
	0.972
	SD 0.017; range 0.951-0.996
	--
	Recommended primary generalization estimate

	.632 bootstrap (1000 resamples) of the full pipeline

	LogisticRegression
	Apparent 0.984; OOB 0.976
	OOB 95% CI 0.959-0.991
	0.979
	

	RandomForest
	Apparent 1.000; OOB 0.998
	OOB 95% CI 0.995-1.000
	0.999
	

	XGBoost
	Apparent 1.000; OOB 0.997
	OOB 95% CI 0.991-1.000
	0.998
	

	LightGBM
	Apparent 1.000; OOB 0.997
	OOB 95% CI 0.992-1.000
	0.998
	

	PRS-Unweighted
	Apparent 0.836; OOB 0.835
	OOB 95% CI 0.796-0.877
	0.836
	

	PRS-Weighted
	Apparent 0.865; OOB 0.847
	OOB 95% CI 0.785-0.896
	0.853
	

	EW-cgPRS-I
	Apparent 0.864; OOB 0.850
	OOB 95% CI 0.795-0.896
	0.855
	

	EW-cgPRS-II
	Apparent 0.866; OOB 0.847
	OOB 95% CI 0.785-0.896
	0.854
	

	EW-cgPRS-III
	Apparent 0.993; OOB 0.974
	OOB 95% CI 0.953-0.990
	0.981
	





Supplementary Table S8. Variance inflation factors (VIF) for covariates and SNP risk-doses in the ML/PRS/epistasis covariate set.
	Variable
	VIF

	Age
	1.058

	sex
	1.125

	Diabetes
	1.384

	Hypertension
	1.541

	Family history
	1.298

	Smoking
	1.080

	TG
	1.339

	LDL
	1.319

	HDL
	1.193

	rs3825807 risk-dose (ADAMTS7)
	1.091

	rs2301612 risk-dose (ADAMTS13)
	1.307

	rs769452 risk-dose (APOE)
	1.146

	rs699 risk-dose (AGT)
	1.246

	rs676210 risk-dose (APOB)
	1.294

	rs3918242 risk-dose (MMP9)
	1.253

	rs1801133 risk-dose (MTHFR)
	1.118

	rs11556924 risk-dose (ZC3HC1)
	1.181


VIF > 5 indicates moderate multicollinearity concern and VIF > 10 indicates a clear multicollinearity problem. 
