Supplementary Table S2. Covariate-adjusted sensitivity analyses in the GSE89632 discovery cohort
S2A. Covariate-adjusted categorical models for the 19-gene candidate panel
	Gene
	Diagnosis p
	Sex p
	Sex Qbh
	Sex × Diagnosis p
	Interaction Qbh
	Age p
	BMI p
	Diabetes p

	BCL2L11
	<0.0001
	0.0112
	0.2127
	0.5015
	0.5424
	0.5215
	0.5381
	0.6351

	KDM6B
	0.0013
	0.5315
	0.7474
	0.1347
	0.2843
	0.4618
	0.0859
	0.5492

	METRNL
	0.0005
	0.3643
	0.6922
	0.0420
	0.2669
	0.1088
	0.4325
	0.9228

	TLR2
	0.0024
	0.8062
	0.8357
	0.1856
	0.3206
	0.8761
	0.1200
	0.8726

	TNIP3
	0.0176
	0.1113
	0.3525
	0.1124
	0.2669
	0.4410
	0.2160
	0.6708

	BACH2
	0.0009
	0.8357
	0.8357
	0.5139
	0.5424
	0.6787
	0.8539
	0.7944

	BAZ1A
	<0.0001
	0.5509
	0.7474
	0.4436
	0.5424
	0.5608
	0.9739
	0.2555

	KNL1
	<0.0001
	0.6294
	0.7474
	0.5687
	0.5687
	0.5688
	0.3329
	0.8991

	PHC2
	0.0090
	0.2471
	0.6707
	0.4786
	0.5424
	0.3446
	0.6489
	0.4714

	ACE2
	<0.0001
	0.0466
	0.2820
	0.3976
	0.5424
	0.0593
	0.8066
	0.3846

	CASP1
	0.0068
	0.0656
	0.2820
	0.1064
	0.2669
	0.8557
	0.9869
	0.7480

	CCL7
	0.0006
	0.7936
	0.8357
	0.4031
	0.5424
	0.3689
	0.6540
	0.4762

	GBP5
	0.0008
	0.6058
	0.7474
	0.0124
	0.2358
	0.3866
	0.3391
	0.7834

	OAS1
	<0.0001
	0.4652
	0.7474
	0.0886
	0.2669
	0.6034
	0.6375
	0.9584

	OAS2
	<0.0001
	0.4765
	0.7474
	0.0592
	0.2669
	0.8659
	0.9887
	0.2757

	LEPR
	<0.0001
	0.3002
	0.6816
	0.4288
	0.5424
	0.0164
	0.5069
	0.4745

	NNMT
	<0.0001
	0.0742
	0.2820
	0.1839
	0.3206
	0.3751
	0.0447
	0.0543

	P4HA1
	<0.0001
	0.0535
	0.2820
	0.0970
	0.2669
	0.7293
	0.7245
	0.6638

	PNPLA3
	<0.0001
	0.3229
	0.6816
	0.0702
	0.2669
	0.7220
	0.2341
	0.9305


Model: expression ~ Sex + Diagnosis + Sex × Diagnosis + age + BMI + diabetes status. Complete-case n = 61 (female Control, n = 13; female simple steatosis, n = 6; female MASH, n = 9; male Control, n = 11; male simple steatosis, n = 13; male MASH, n = 9). Models were evaluated using Type III F tests with sum-to-zero contrasts. Benjamini-Hochberg correction was applied separately across the 19 Sex p values and the 19 Sex × Diagnosis p values. No Sex main effect or Sex × Diagnosis interaction remained FDR-supported at qBH < 0.10 after covariate adjustment.

S2B. Covariate-adjusted NAS models for the three lead genes
	Gene
	Sex At NAS = 0 p
	Sex Qbh
	NAS p
	Sex × NAS p
	Sex × NAS Qbh
	Age p
	BMI p
	Diabetes p

	PNPLA3
	0.0176
	0.0527
	<0.0001
	0.0073
	0.0219
	0.7852
	0.7238
	0.9370

	P4HA1
	0.1047
	0.1047
	<0.0001
	0.4048
	0.5140
	0.2520
	0.9292
	0.4410

	LEPR
	0.0384
	0.0576
	0.0158
	0.5140
	0.5140
	0.3570
	0.5201
	0.8630


Model: expression ~ Sex + NAS + Sex × NAS + age + BMI + diabetes status. Complete-case n = 52 (female, n = 23; male, n = 29). Age, BMI, and diabetes status were centered; NAS was left uncentered so that the Sex term represents the fitted sex difference at NAS = 0. Benjamini-Hochberg correction was applied separately across the three lead genes for the Sex and Sex × NAS test families. Bold qBH values denote FDR-supported results at qBH < 0.10. The PNPLA3 Sex × NAS interaction remained FDR-supported (p = 0.0073, qBH = 0.0219), with a steeper fitted NAS association in males. LEPR retained an FDR-supported female-higher fitted expression difference at NAS = 0 (p = 0.0384, qBH = 0.0576). The P4HA1 sex difference did not meet the predefined FDR-support threshold (p = 0.1047, qBH = 0.1047).
Abbreviations: BMI, body mass index; BH, Benjamini-Hochberg; FDR, false discovery rate; MASH, metabolic dysfunction-associated steatohepatitis; NAS, NAFLD Activity Score; qBH, Benjamini-Hochberg-adjusted q value.
