Table 1 Top 10 CpGs in sex-stratified analysis. Shown are CpGs that are highly significant in one sex (FDR < 0.05), but not significant (P-value > 0.05) in the other sex. For each CpG, annotations include the location of the CpG based on hg19/GRCh37 genomic annotation (chr, position), Illumina gene annotations, nearby genes based on GREAT, and chromatin state. The inverse-variance weighted meta-analysis regression models results include estimated effect size (estimate) where CpGs that are hyper-methylated in AD have positive values, and its associated standard error (se), P-value, and false discovery rate (FDR) for multiple comparison corrections. Bold indicates significant association at 5% FDR.
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Table 2 Top 10 and 6 DMRs in sex-stratified analysis. Shown are DMRs that are highly significant in one sex (FDR < 0.05), but not significant (P-value > 0.05) in another sex. Only 6 DMRs satisfied these criteria in male samples. For each DMR, annotations include location of the DMR based on hg19/GRCh37 genomic annotation (DMR), Illumina gene annotations, nearby genes based on GREAT, and chromatin state. The inverse-variance weighted meta-analysis regression models results based on coMethDMR include estimated effect size (estimate) where DMRs that are hyper-methylated in AD have positive values, its associated standard error (se), P-value, and false discovery rate (FDR) for multiple comparison corrections. Shown in bold are significant results with FDR < 0.05.
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Table 3 Results from sex-by-Braak stage interaction analysis. For each CpG, annotations include the location of the CpG based on hg19/GRCh37 genomic annotation (chr, position), Illumina gene annotations, nearby genes based on GREAT, and chromatin state. The inverse-variance weighted meta-analysis regression models results include estimated effect size (estimate) where CpGs that are hyper-methylated in AD have positive values, its associated standard error (se), and P-value. Adj.pval is adjusted P-value from stageR analysis. Shown in bold are significant results (adj.pval < 0.05 for interaction or P-value < 0.05 for one sex).  * indicates these CpGs also reached 5% FDR significance in sex-stratified analysis.
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Table 4 Top 10 GO Biological processes enriched with sex-specific DNA methylation changes associated with AD Braak stage in females and males. Shown are GSEA results including number of genes in the gene set (SIZE), normalized enrichment score (NES), P-value, FDR and relevant AD literature for the gene set. 
	Gene Set
	SIZE
	NES
	P-value
	FDR 
	Relevance to AD

	Top 10 GO Biological Process terms in females
	
	
	
	
	

	INTEGRIN_ACTIVATION
	24
	2.105
	0
	9.53E-02
	Wennstrome et al. (2012)[92]

	RESPONSE_TO_PLATELET_DERIVED_GROWTH_FACTOR
	19
	2.116
	0
	1.07E-01
	Sil et al. (2018)[93]

	I_KAPPAB_PHOSPHORYLATION
	19
	2.081
	0
	1.13E-01
	Jha et al. (2019)[94]

	NEGATIVE_REGULATION_OF_INTERLEUKIN_8_PRODUCTION
	18
	2.133
	0
	1.21E-01
	Qin et al. (2016)[95]

	POSITIVE_REGULATION_OF_MACROPHAGE_MIGRATION
	25
	2.048
	0
	1.46E-01
	Bacher et al. (2010) [96]

	TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY
	142
	2.031
	0
	1.61E-01
	Fiebich et al. (2018)[97]

	NEGATIVE_REGULATION_OF_TUMOR_NECROSIS_FACTOR_SUPERFAMILY_CYTOKINE_PRODUCTION
	57
	2.007
	0
	1.90E-01
	Chang et al. (2017) [98]

	REGULATION_OF_SYNCYTIUM_FORMATION_BY_PLASMA_MEMBRANE_FUSION
	28
	1.944
	0
	1.98E-01
	Armoto et al. (2013)[99]

	RESPONSE_TO_VITAMIN_A
	19
	1.945
	0
	2.08E-01
	Ono et al. (2012)[100]

	POSITIVE_REGULATION_OF_AXON_EXTENSION
	42
	1.931
	0
	2.08E-01
	Kanaan et al. (2013)[101]

	 
	
	
	
	
	

	Top 10 Biological Process terms in males 
	
	
	
	
	

	REGULATION_OF_T_CELL_ACTIVATION_VIA_T_CELL_RECEPTOR_CONTACT_WITH_ANTIGEN_BOUND_TO_MHC_MOLECULE_ON_ANTIGEN_PRESENTING_CELL
	6
	1.869
	0
	5.98E-01
	Schetters et al. (2017)[102]

	REGULATION_OF_SYSTEMIC_ARTERIAL_BLOOD_PRESSURE_BY_CIRCULATORY_RENIN_ANGIOTENSIN
	18
	1.964
	0
	6.11E-01
	Cosarderelioglu et al. (2020)[42]

	NEGATIVE_REGULATION_OF_REACTIVE_OXYGEN_SPECIES_BIOSYNTHETIC_PROCESS
	29
	1.745
	0
	6.12E-01
	Manoharan et al. (2016)[44]

	COMPLEMENT_ACTIVATION
	68
	1.741
	0
	6.26E-01
	Morgan (2018)[80]

	RESPONSE_TO_ANGIOTENSIN
	26
	1.746
	0
	6.36E-01
	Benigni et al. (2010)[43]

	CELL_REDOX_HOMEOSTASIS
	55
	1.721
	0
	6.49E-01
	Chen et al. (2020)[45]

	PROTEIN_DEMETHYLATION
	28
	1.832
	0
	6.77E-01
	Esposito et al. (2019)[103]

	IMMUNE_RESPONSE_INHIBITING_CELL_SURFACE_RECEPTOR_SIGNALING_PATHWAY
	6
	1.781
	0
	7.02E-01
	Schetters et al. (2017)[102]

	DICARBOXYLIC_ACID_CATABOLIC_PROCESS
	17
	2.052
	0
	7.57E-01
	Griffin et al. (2017)[104]

	GLUTAMINE_FAMILY_AMINO_ACID_METABOLIC_PROCESS
	70
	1.657
	0
	7.75E-01
	Conway et al. (2020)[105]
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Annotations Female samples Males samples
b i position _illumina | GREAT (distance to T55) chromatinstate _stimate _se _ Pvalue __FDR estimate se _ Pvalue __FDR
|sianificant only in female samples
|ce09502865  [chris 88600155 ZFPM1  ZC3H18(-36633); ZFPM1(+80431 Active TSS 0179 0028 250610 115604 | 0034 0034 446E01 S64E01
cg0s235171  |chr1l 118408 TMPRSS4TMPRSS&[+10301); SCN4B(+6542 Quiescent/Low 0168 0029 7.61E09 6.99E04 | 0025 0033 447601 S64EOL
lce15610437  |chr1s  so7s21  Azui  Azule) Wesk Repressed PolyCo| -0.155 0029 545E08 199603 | 0090 0034 979E:02  82SE-0L
lcg13572782  |chris 74799495 MBP  MBP(+45220); 2NF236(+263380) Active TSS 0157 0029 575608 199E-03 | 0047 0035 1S0E01 892E01
|ca17881200  |chr7 27138850 HOXAL(-3258) Repressed PolyComb | 0152 0023 141607 298E03 | 0131 003¢ 622602 773801
ca22632947  |chr17 64787784 PRKCA CACNGS(-43450); PRKCA(+48884Flanking Active Tss | -0.139 0026 150E07 3.006-03 | -0005 0028 857E01 S9SE0L
lce15467503  |chra 1727236 TACCS  TMEM129(-4177); TACC3(+3969| Weak transcription | -0.146 0028 181E07 34503 | -0083 0034 133E01  BS9EO1
|ca26033526  |chrs 32819858 TAP1  PSMBS(-2079); TAP1(+1896)  Genic enhancers 0148 0029 264607 418603 | 0021 0034 523E01 S73E01
ca08363067 |chris 16170085 ABCCL  ABCC1(+126652); ABCCH(+14723Weak transcription | -0.120 0024 7.68E07 7.326-03 | -0050 0028 7.41E:02  7.94E01
|ca12026693  |chrs 36665611 RABA4(-17644); CDKN1A(+19125 Quiescent/Low 0149 0030 85907 7.32603 | 0067 0035 S1SE02  7.52E01
|sianificant only in male samole:
|cg07687398  |chr3 53198666 PRKCD PRKCD(+3531);TKT(+91371)  Weaktranscription | 0052 0030 863£02 81901 | 0183 0035 116E07 988603
lce10513118  |chr11  118£408 scN28  ScN28(+184) ActiveTss 0038 0030 201E01 817601 | 0172 0033 142607 9.88603
lcg21253952  |chrs 1446408 ARC(+33833); BAI1(+132208)  Weak Repressed PolyCo[ -0019 0030 533E:01 984E01 | 0169 0034 444807 15302
lce18281930  |chrs 77783895 LHFPL2  SCAMIP1(+127557); LHFPL2(+160 Weak transcription | -0022 0029 45SE01 97601 | -0179 0036  626E07 179602
|ca11809272  |chrs 31409361 HLAB(-84398); MICB[-56530)  Quiescent/Low 0001 0031 977601 1006400 | 0161 0033 9.08E07 2147602
lce15052033  |chr7 1890886 MADALL ELFN1(+172132); MADIL1(+372¢ Weak transcription | -0058 0033 7.56E02 80001 | -0156 0032 948£07 247602
lcg11614a51  |chr3 16408  TRIMSO ENSGOOD00248710(-113); TRIM:Flanking Sivalent TSS/E] -0041 0029 1S6E01 892E-01 | -0150 0031 128E06 2.44E02
lcg18942110  [chris 1072797 CRTCS  CRTC3(-502) ActiveTss 0031 0030 306601 952601 | 0164 0035 22306 3.19E02
lce01655008 [chr1a 93652954 Cl40rfiCMOAPL(-1687); TMEM251(+159 Transcr. atgene 5'and { -0.042 0029 151E01 889601 | -0152 0032 254E06 333602
|cg02331272  |chr1l 66954208 KDM2A ADRBK1(-69672); KDM2A(+7705 Weak transcription | 0.058 0030 1.10ED1 852601 | -0.166 0036 2.99E-06 3.52E-02
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Annotations

Female samples

Male samples

omR Nlumina ‘GREAT (distance to T55) chromatin state estimate_se __ Pvalue _FDR |estimate __se _ P-value _FDR

|significant only in female samples

[chr5:27038605-27038836 [coms. CDH(-28) Active Tss;Flanking Active TSs. 0024 187607 230603 0027 | 274801 899E-01
lchr15:31621629-31621843  [KLF13 KLF13(+2678); OTUD7A(+325806) Active Tss 0023 330607 230603 0027 119501 8.07E-01
(chr18:74799495-74799572  |migP MBP(+45191); ZNF236(+263418) Active Tss 0028 5.81E-07 243603 0033 130501 813501
|chr7:45066738-45067057 lccm2 cem2(+273) ‘Weak transcription 002  2.23E-06 6.206-03 0027 551602 7.005-01
|chr13:67803895-67804060 |PCDHY PCDHS(+490) Active Tss 0019 5.046-06 1.02E-02 0022 4.40E-01 9.50E-01
|chr16:66969401-66969506 |CES2;FAMSI6B FAM96B(-1151); CES2(+1091) Flanking Active TSS 0025 5.68£-06 1.02E-02 0028 652602 7.285-01
|chr15:40268421-40268777  [EIF2AK4  EIF2AKA(+42245); SRP14(+62790) Active Tss 0028 7.12E-06 1.16E-02 0032 872601 9.94E-01
lchr5:14492774-14492945 TRIO FAM1058(-171997); TRIO(+349049) strong transcription 0023 8.25E-06 1.24E-02 0029 | 7.495-01 9.85E-01
chr17:56726571-56737118  [Tex1a SEPTA(-118666); TEX14(+32539) Active Tss 0016  9.13E-06 1.26E-02 0017 | 320501 9.16E-01
lchr17:46651722-46651952  |HOXB3, HOXB3(-20553); HOXBA(+5636) Repressed PolyComb. 0025 9.24E-06 1.26E-02 0027 | 263501 897601
|significant only in male samples

[chr17:1173700-1173767 BHLHAS BHLHA9(-119) ‘Weak Repressed PolyComb 0025 107601 8.23E-01 002  5.08£-06 150E-02
|chr11:68780866-68780984  |MRGPRF  MRGPRF(-48) Flanking Bivalent TS/Enh 0024 180501 893E-01 002  1.16E-05 2.96E-02
lchr12:52437299-52437571 C120rf44(-26320); NRAA1(+20819) Enhancers 0017 59301 9.93E-01 0017  138E-05 331602
|chr14:89017615-89017776  |PTPN21 PTPN21(+3381); SPATAT(+165822) Active Tss 0024 603502 731601 0024 146605 331E-02
|chr19:17691465-17691691  [GLT25D1  COLGALTL(+25175); UNCI3A(+107430)  Strong transcription 0022 8.06E-01 100400 0025 247605 4.16E-02
|chr6:32920567-32921233 HLA-DMA  ENSG00000248993(-1); HLA-DMA(-1) __ Flanking Active TSS; Active TSS; Quiescent/Loy 0.024  3.16E-01 9.56E-01 0.028 _ 3.17E-05_4.78E-02
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pg Annotations Female samples Male samples Sex * Braak stage interaction
chr__Position llumina ‘GREAT (distance to T55) chromatin state_|estimate _se __ P-value | estimate_se___P-value | estimate__se __ P-value _adj.pval
cg13212831(chrl 56046343 USP24(-365558); PPAP2B(+998897) Weak transcriptior] 0.083 | 0.030  6.15E-03 | -0.133 0034 | 41005 0042 638E-07 3.54E08
cg25734825(chr3 119182523 TMEM39A TMEM39A(+5) Active Tss 0059 0030 50102 | -0156 003 121E05 0045 112606 622608
*0g02331272|chr11 66964208 KDM2AKDM2A  ADRBK1(-69672); KDM2A(+77051) Weak transcriptior] 0.058  0.030 110801 | -0.166  0.036  2.99E-06 0046 225606 125603
cg10622825(chrl 172413349 PIGC;PIGC;CLorfIC PIGC(-124) Active Tss 063 0030 222602 | 0134 003 77805 0.045  7.006-06 3.88E-03
g10784067|chr16 14014435 ERCCA ERCCA(+422) Active Tss 127 0032 533605 | 0068 0033  3.78E-02 0045  9.03£06 5.01E-03
cg14284055(chrl 24439399 MYOM3 MYOM3(-735) BivalentEnhancer| 0.115  0.029 828E-05 | -0.066 0037 712602 0045  194E-05 107E-02
*cg18942110|chr15 91072797 CRTC3,CRTC3  CRTC3(-502) Active Tss 0031 0030 306601 | -0164 0035 223606 0045 313605 174802
cg09342330(chr14 89021109 PTPN2L;PTPN21  PTPN21(-33) Active Tss 0045 0030 131E01 | -0144 0037 8.30E05 0046 347605 193602
g21722170(chr6 31977443 TNXB;TNXA C4B(-5095); CAA(+27643) Quiescent/low | 0.03 0030 25301 | 0148 003  1S7E05 0045 417605 231602
cg03662217|chr21 35747882 FAM1658 SMIM11(-20) Active Tss 0039 0029 18SE01 | -0141 0036 7.27E05 0.045  459E-05 255602
cg15026265|chr12 28283812 PTHLH(-158910); CCDCI1(-59566) Quiescent/Low 0029 195E01 | 0134 0033  658E-05 004 672605 373602
cg00659421(chr7 86781760  DMTFL;DMTFL;DM DMTF1(-109) Active Tss 0031 108E-01 | 0130 0033  7.53E05 0.045  6.95E-05 3.86E-02
*cg24917065|chr8 23418389 SLC25A37 SLC25A37(+32072); NKX3-1(+12205 Quiescent/Low | -0.135 0030 6.26E-06 | 0.042  0.033 205801 0044 698E-05 3.87E-02
=cg18281939|chr5 77783835 LHFPL2 SCAMP1(#127557); LHFPL2(+16075 Weak transcriptior 0.029  4.55€-01 | -0.179  0.036  6.26E-07 0.045  7.10E-05 3.94E-02





