Supplementary Tables

Table S1: PBB-associated CpGs
1890 CpGs associated with current PBB levels after multiple test correction (FDR < 0.05)

[bookmark: _GoBack]Table S2: PBB-associated CpGs near binding sites for transcription factors. The sequences within 10 base pairs of each of the 1890 PBB-associated CpGs were interrogated for enrichment of transcription factor binding sites using oPOSSUM. Some of the transcription factors that were enriched are implicated in the metabolism of xenobiotic substances or involved in hormone signaling. 
	Transcription factor binding sites enriched near PBB-associated CpGs 

	TF Name
	Family
	Z-score
	P-value

	Myc
	Helix-Loop-Helix
	13.737
	6.09E-43

	HIF1A::ARNT
	Helix-Loop-Helix
	12.781
	2.09E-37

	MAX
	Helix-Loop-Helix
	11.022
	2.99E-28

	Sox2
	High Mobility Group
	10.615
	2.54E-26

	Arnt
	Helix-Loop-Helix
	9.924
	3.27E-23

	Mycn
	Helix-Loop-Helix
	9.549
	1.31E-21

	NHLH1
	Helix-Loop-Helix
	-9.019
	1.90E-19

	SRY
	High Mobility Group
	8.606
	7.57E-18

	CREB1
	Leucine Zipper
	8.602
	7.83E-18

	MZF1_5-13
	BetaBetaAlpha-zinc finger
	8.369
	5.81E-17

	Egr1
	BetaBetaAlpha-zinc finger
	8.044
	8.70E-16

	ZNF354C
	BetaBetaAlpha-zinc finger
	8.042
	8.84E-16

	CTCF
	BetaBetaAlpha-zinc finger
	7.541
	4.66E-14

	E2F1
	E2F
	-7.428
	1.10E-13

	ZEB1
	BetaBetaAlpha-zinc finger
	7.282
	3.29E-13

	ELK1
	Ets
	-7.217
	5.31E-13

	HOXA5
	Homeo
	-6.9
	5.20E-12

	Hand1::Tcfe2a
	Helix-Loop-Helix
	6.874
	6.24E-12

	PPARG::RXRA
	Hormone-nuclear Receptor
	6.834
	8.26E-12

	MZF1_1-4
	BetaBetaAlpha-zinc finger
	6.562
	5.31E-11

	MIZF
	BetaBetaAlpha-zinc finger
	6.511
	7.47E-11

	Stat3
	Stat
	6.299
	3.00E-10

	Klf4
	BetaBetaAlpha-zinc finger
	5.828
	5.61E-09

	INSM1
	BetaBetaAlpha-zinc finger
	-5.571
	2.53E-08

	Nkx3-2
	Homeo
	5.482
	4.21E-08

	Gfi
	BetaBetaAlpha-zinc finger
	-5.379
	7.49E-08

	Pax6
	Homeo
	-5.325
	1.01E-07

	Myf
	Helix-Loop-Helix
	-5.298
	1.17E-07

	REL
	Rel
	-5.276
	1.32E-07

	USF1
	Helix-Loop-Helix
	4.894
	9.88E-07

	NF-kappaB
	Rel
	-4.832
	1.35E-06

	ESR2
	Hormone-nuclear Receptor
	4.796
	1.62E-06

	EBF1
	Helix-Loop-Helix
	4.61
	4.03E-06

	Tcfcp2l1
	CP2
	4.418
	9.96E-06

	AP1
	Leucine Zipper
	4.179
	2.93E-05

	HLF
	Leucine Zipper
	3.777
	1.59E-04

	Zfp423
	BetaBetaAlpha-zinc finger
	-3.585
	3.37E-04

	MYC::MAX
	Helix-Loop-Helix
	3.569
	3.58E-04

	TBP
	TATA-binding
	-3.244
	1.18E-03

	HNF4A
	Hormone-nuclear Receptor
	3.123
	1.79E-03

	FOXI1
	Forkhead
	-3.122
	1.80E-03

	TAL1::TCF3
	Helix-Loop-Helix
	2.992
	2.77E-03

	NR2F1
	Hormone-nuclear Receptor
	-2.835
	4.58E-03

	RXR::RAR_DR5
	Hormone-nuclear Receptor
	-2.8
	5.11E-03

	Ddit3::Cebpa
	Leucine Zipper
	2.654
	7.95E-03

	RELA
	Rel
	-2.654
	7.95E-03

	Pdx1
	Homeo
	-2.566
	1.03E-02

	GABPA
	Ets
	-2.487
	1.29E-02

	Foxd3
	Forkhead
	2.481
	1.31E-02

	NFKB1
	Rel
	-2.453
	1.42E-02

	SPI1
	Ets
	2.445
	1.45E-02

	Spz1
	Other
	-2.418
	1.56E-02

	TEAD1
	Homeo
	2.348
	1.89E-02

	T
	T
	-2.336
	1.95E-02

	FOXD1
	Forkhead
	2.335
	1.95E-02

	RORA_1
	Hormone-nuclear Receptor
	2.268
	2.33E-02



Table S3: PBB-associated CpGs that are also known eQTMs
PBB-associated CpGs are enriched for CpGs associated with gene expression. 


Table S4: Association of PBB with cell type proportions and ratio, both in univariate analyses and controlled for age, sex, and lipid levels 

	
	Univariate
	Multivariate

	
	T-statistic
	P-value
	T-statistic
	P-value

	CD8T
	-2.77
	0.005
	-0.58
	0.55

	CD4T
	-3.45
	0.0005
	-1.19
	0.23

	B cells
	1.74
	0.08
	2.29
	0.02

	NK
	3.28
	0.001
	1.22
	0.22

	Monocytes
	2.49
	0.01
	-0.16
	0.87

	Granulocytes
	0.81
	0.41
	-0.14
	0.88

	CD4/CD8 
	0.57
	0.56
	-0.79
	0.42

	log(NLR)
	0.66
	0.50
	-0.90
	0.36






Supplementary Figures

Figure S1: Cohort varies in its exposure to different congeners. A heatmap indicating the correlation between the level of exposure to each congener in the cohort. While all the congeners are positively correlated, total PBB exposure levels are most correlated to PBB-153 exposure level (the most detected congener) at R = 0.99, and are least correlated with PBB-180 exposure levels (the rarest detected congener) at R = 0.25. PBB-101 and PBB-77 are most correlated with each other (R = 0.80). [image: ]
Figure S2: Distribution of Total PBB in Cohort. The level of exposure to each of the four PBB congeners was summed to create a total PBB exposure measure (Part A). Because the distribution was right-skewed, the values were transformed with a natural log so that they would be more normally distributed (Part B). The transformed levels were used in all analyses. [image: ../Desktop/Screen%20Shot%202018-06-07%20at%203.41.34%20PM.png]






Figure S3: Total PBB Associates with Global DNA Methylation. The average methylation signal was calculated from the 816,999 probes for a measure of global DNA methylation. Higher total PBB associated with global deceases in DNA methylation levels, when controlled for age, sex, lipids, and cell type estimates (p = 0.04), indicating that PBB is associated with a widespread difference in epigenetic marks. [image: totalpbb_globalmeth_highres_022318.jpeg]


Figure S4: A Majority of the CpGs were Negatively Associated with Total PBB. Of the CpGs that were significantly associated with total PBB levels (blue), 83.91% of them had lower DNA methylation levels with increasing total PBB levels. The effect size is the beta coefficient from the regression of DNA methylation proportion on total PBB level, controlling for age, sex, lipids, and estimates cell type proportions.
 
[image: totalpbb_volcanoplot_071318.jpeg]
Figure S5: Test statistics of analyses with total PBB with and without lipid level as a covariate are correlated. Test statistics from the analysis with total PBB, adjusting for total lipid levels, were compared to the test statistics from the analysis with total PBB, not adjusting for lipid level. The results were highly correlated (R = 0.99; p < 2.2e-16). The red line is the regression of the test statistics of from the EWAS of total PBB, adjusting for total lipid levels, on the test statistics of from the EWAS of total PBB, not adjusting for total lipid levels.

[image: totalpbb_sensitivity_lipidcomparison_highres_071318.jpeg]
Figure S6: Test statistics of analyses with total PBB and PBB-153 are correlated. In order to determine whether summing congeners biased results compared to individual congener analysis, test statistics from the analysis with total PBB were compared to the test statistics from the analysis with just PBB-153 (the predominant congener). The results were highly correlated (R = 0.99; p < 2.2e-16), indicating that summing the PBB measures did not inflate the results of the analysis. The red line is the regression of the test statistics of from the EWAS of PBB-153 on the test statistics of from the EWAS of total PBB.
[image: totalpbb_pbb153_comparison_highres_073318.jpeg]
Figure S7: CpGs associated with total PBB levels are associated in analyses of individual congeners. A heat map of the effect size of the 1758 CpGs associated with total PBB (FDR < 0.05) in the individual congeners (A), and the correlations of the test statistics of all the 816,999 CpGs in the individual congeners (B). The test statistics in all analyses were highly correlated (R = 0.78-0.99), and the patterns of effect size are similar in all congeners, although the effect sizes were larger in PBB-180, PBB-77, and PBB-101 than the effect sizes were in either total PBB or PBB-153.  This indicates that analysis of the individual congeners would lead to inflated test statistics in the results. 
[image: ]






Figure S8: Scatterplots of the CpGs most highly associated with total PBB levels. The 4 CpGs most associated with total PBB levels were cg13991617 (ANKRD16, p = 2.09e-10) (Part A), cg05337019 (SLC25A34, p = 5.80e-9) (Part B), cg04664328 (NR2E3, p=6.52e-9) (Part C), cg07826946 (p = 7.01e-9) (Part D). A few samples had lower methylation at some of the CpGs than the rest of the samples.  The black line is the regression of DNA methylation proportion at that CpG on total PBB level, controlling for age, sex, lipids, and estimates cell type proportions.

[image: ]








Figure S9: Test statistics of total PBB analyses with and without the five samples are correlated. To assess whether the samples that have lower DNA methylation at some of the CpGs are biasing the total PBB analysis results, test statistics (Part A) and effect sizes (Part B) from the analysis with total PBB and all the samples were compared to the test statistics from the analysis with total PBB minus those samples. The results were highly correlated (T-statistics: r = 0.95, p < 2.2e-16; Effect sizes: r = 0.94, p < 2.2e-16). Additionally, when just the 1890 CpGs that were significant in the initial analysis were analyzed, the test-statistics (Part C) and effect sizes (Part D)  were more highly correlated (T-statistics: r = 0.98, p < 2.2e-16; Effect sizes: r = 0.98, p < 2.2e-16), and 1882 of the 1890 were still associated with PBB. This suggests that these samples did not bias the results of the analysis. The effect size is the beta coefficient from the regression model. The blue line is the y=x line. The red line is the regression line.

[image: ../../../Desktop/Screen%20Shot%202018-11-20%20at%205.06.03%20PM]
  
Figure S10: Effect sizes of estradiol-associated CpGs correlated with effect sizes from PBB-analysis. The effect size for 25,143 CpGs associated with estradiol levels (FDR < 0.05) is correlated with the effect size of those CpGs with PBB, both in the female participants (N = 381, R = 0.16, p < 2.2e-16) (Part A), and in the total cohort (R = 0.20, p < 2.2e-16) (Part B). When the inverse was done and the effect size for the 1890 CpGs associated with PBB levels (FDR < 0.05) is correlated with the effect size of those CpGs with estradiol, both in the female participants (N = 381, R = 0.21, p = 2.00e-8) (Part C), and in the total cohort (R = 0.19, p = 3.19e-7) (Part D). The effect size is the beta coefficient from the regression model. The red line is the regression line. 
 [image: ]



Figure S11: Effect sizes of CRP-associated CpGs correlated with effect sizes from PBB-analysis. The effect size for the 207 CpGs associated with CRP levels (FDR < 0.05) is correlated with the effect size of those CpGs with PBB (R = 0.30, p-value = 9.58e-06). The effect size is the beta coefficient from the regression model. The red line is the regression line. 
[image: ]
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