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Table S1: Studies identified reporting the association between As exposure and DNA methylation measured using the 450K and 850K 

microarrays and included in the lookup approach. 

Study 

Population; 

location N 

Exposure 

assessment Mean exposure 

DNA methylation 

assessment Platform 

Number of significant 

CpGs 
a
 

n (%) 

replicated 
b
 

Koestler et 

al. 2013 (1) 

Birth cohort; 

USA 

134 Maternal 

urinary arsenic 

Mean = 4.1 μg/L Cord blood 450K 0 after correction for 

multiple testing 

NA 

Broberg et al. 

2014 (2) 

Birth cohort; 

Bangladesh 

127 Maternal 

urinary arsenic 

Mean = 66 μg/L Cord blood 450K 3 in boys (pFDR < 0.05) 0 (0%) 

Kile et al. 

2014 (3)c 

Birth cohort; 

Bangladesh 

44 Maternal 

drinking water 

arsenic 

Median = 12 μg/L Cord blood 450K 1 (pFDR < 0.05); 10 (P < 

2x10-6) 

1 (10%) 

Liu et al. 

2014 (4) 

Adults; USA 46 Toenail arsenic Low exposure: 

<0.0649 μg/kg; 

high exposure: ≥ 

0.1442 μg/kg  

Whole blood cells 450K 0 after correction for 

multiple testing 

NA 

Argos et al. 

2015 (5) 

Adults; 

Bangladesh 

400 Blood and 

urinary arsenic 

Blood As, mean = 

9.3 μg/L; urinary 

As, mean = 302 

μg/g creatinine  

Whole blood 450K 4 (pBonferroni < 0.05) 1 (25%) 

Rojas et al. 

2015 (6) 

Birth cohort; 

Mexico 

38 Maternal 

urinary arsenic 

Mean = 73.9 μg/L  Cord blood 450K 4,771 (pFDR < 0.05) 141 (3%) 

Cardenas et 

al. 2015 (7) 

Birth cohort; 

Bangladesh 

Placenta: N = 

37; cord blood: 

N = 45; 

HUVEC: N = 52 

Maternal 

drinking water 

arsenic 

Mean = 63.7 μg/L  Placenta, cord blood, 

and human umbilical 

vein endothelial cells 

(HUVEC) 

450K 5 (pBonferroni < 0.05) 1 (20%) 

Green et al. 

2016 (8) 

Birth cohort; 

USA 

343 Maternal toenail 

arsenic and 

placental 

arsenic 

Maternal toenail 

As, mean = 0.05 

μg/kg; placental 

As, mean = 0.82 

μg/kg 

Placenta 450K Maternal toenail arsenic: 

1; placental arsenic: 163 

(pFDR < 0.05) 

3 (2%) 

Kaushal et al. 

2017 (9) 

Birth cohort; 

Taiwan 

64 Maternal 

urinary arsenic 

Mean = 23.2 μg/g 

creatinine  

Cord blood 450K 579 (pFDR < 0.05) 28 (5%0 

Ameer et al. 

2017 (10) 

Women; 

Argentina 

96 Urinary arsenic Median = 185 

μg/L 

Whole blood 450K 6 (pFDR < 0.05) 0 (0%) 



Bozack et al. 

2018 (11)c 

Birth cohort; 

Bangladesh 

44 Maternal 

drinking water 

arsenic 

Mean = 63.7 μg/L  Cord blood 450K 380 (p < 1.10×10-6; |β 

regression|>0.10); top 10 

reported 

0 (0%) 

Guo et al. 

2018 (12) 

Families (adults 

and children); 

China 

102 Village drinking 

water arsenic > 

or  < 10μg/L 

Among exposed 

group, mean = 

266.4 ppb  

Buffy coat 450K 85 (pFDR < 0.05) 7 (8%) 

Gliga et al. 

2018 (13) 

Birth cohort; 

Bangladesh 

113 Maternal 

urinary arsenic 

Mean = 68 μg/L Blood mononuclear 

cells collected at 9 

years 

450K 9 in all children, 57 in 

boys, 15 in girls (pFDR < 

0.05) 

5 (7%) 

Demanelis et 

al. 2019 (14) 

Adults; 

Bangladesh 

396 Urinary As; 

drinking water 

As 

Urinary As, 

median = 201.5 

μg/g creatinine; 

water As median: 

50.5 μg/L  

Whole blood 850K Urinary As: 34 (pFDR < 

0.05); water As: 24 (pFDR 

< 0.05)  

4 (5%) 

a. A total of 4,612 differentially methylated positions, and 4,595 unique 4,612 differentially methylated positions were identified across studies. b. In the current

study, nominal p < 0.05 for ln(urinary As levels) in limma models adjusted for age, sex, BMI, self-reported smoking status, education (< high school, high

school graduate or GED, > high school), study center (Arizona, Oklahoma, North and South Dakota), estimated glomerular filtration rate, and cell type

proportion estimates. c. Analyses of the same birth cohort recruited in the Sirajdikhan and Pabna Sadar upazilas of Bangladesh.



Table S2: Descriptive characteristics for eligible participants and participants for DNA methylation 

analysis. 

Included (N=2,325) Eligible (N=2,731) 

Age, median (IQR) 55 (49, 62) 55 (49, 62) 

Sex (% male) 41.46 40.75 

Smoking status 

% Current 38.41 37.79 

% Former 32.17 32.95 

BMI, median (IQR) 29.59 (26.22, 33.63) 29.67 (26.29, 33.69) 

Education 

 No high school 17.51 17.18 

 Some high school 23.91 23.43 

 Completed high school 58.58 59.39 

Total urinary arsenic (µg/g creatinine) 8.56 (5.24, 14.42) 8.43 (5.15, 14.32) 

IQR = interquartile range 

Table S3: Linear models for the association between ln(total urinary arsenic levels) and imputed cell type 

proportions. 

Cell type Mean proportion B (95% CI) p 

CD8+ T cells 0.07 0.001 (-0.004, 0.002) 0.41 

CD4+ T cells 0.18 -0.002 (-0.006, 0.002) 0.35 

NK 0.12 0.005 (0.002, 0.009) 0.004 

B cells 0.08 -0.005 (-0.007, -0.002) <0.001

Monocytes 0.05 0.002 (0.000, 0.004) 0.06 

Granulocytes 0.51 0.001(-0.007, 0.008) 0.81 

Models were adjusted for age, BMI, smoking status, and sex. 



Table S4: Differentially methylated CpG sites associated with ln(total urinary arsenic levels) at PFDR < 0.05, and effects sizes and p-

values stratified by sex. 

Unstratified Female (N = 1,361) Male (N = 964) 

CpG Chr Position 
a
 Gene Feature category p 

Effect 

estimate 
b 

 p 

Effect 

estimate 
b 

 p 

cg06690548 4 139162808 SLC7A11 Body 9.56E-10 -0.11 2.08E-07 -0.09 2.81E-04 

cg03497652 16 4751569 ANKS3 Body 1.49E-09 0.09 1.04E-06 0.08 7.22E-04 

cg22294740 19 2294961 LINGO3 5'UTR 8.78E-09 0.09 2.47E-06 0.08 7.51E-04 

cg20493718 17 80202979 CSNK1D Body, 3'UTR 1.04E-08 0.13 3.24E-07 0.09 0.008 

cg18616702 1 150523808 ADAMTSL4; MIR4257 5'UTR; TSS1500 2.35E-08 0.05 5.04E-05 0.05 1.66E-04 

cg12116137 17 1576449 PRPF8 Body 1.22E-07 0.07 2.28E-04 0.09 7.45E-04 

cg12106731 1 36023279 NCDN; KIAA0319L TSS200; TSS1500 1.24E-07 0.04 2.62E-04 0.06 2.09E-04 

cg00500428 16 3074502 HCFC1R1; THOC6 TSS1500; Body 1.83E-07 -0.06 3.78E-05 -0.06 0.002 

cg04940901 3 52418250 DNAH1 Body 1.96E-07 0.04 0.001 0.06 5.22E-05 

cg14827056 8 141550539 EIF2C2 Body 2.14E-07 0.06 4.12E-04 0.08 4.54E-04 

cg21369801 17 80202961 CSNK1D Body, 3'UTR 3.96E-07 0.07 5.91E-05 0.07 0.005 

cg09280971 9 73036509 Intergenic 4.63E-07 0.02 0.002 0.04 2.40E-05 

cg27178850 11 9039431 Intergenic 4.66E-07 0.03 0.001 0.05 2.45E-04 

cg08059112 19 2294887 LINGO3 5'UTR 6.19E-07 0.04 3.56E-05 0.03 0.011 

cg20509831 19 58866362 A1BG-AS1; A1BG; ZNF497 Body; TSS1500; 3'UTR 6.45E-07 0.04 7.034E-04 0.05 4.68E-04 

cg01538969 6 30624636 DHX16 Body 7.09E-07 0.04 0.004 0.07 6.01E-05 

cg14595618 10 71135446 HK1 Body 7.63E-07 0.06 3.35E-05 0.05 0.010 

cg07021906 16 87866833 SLC7A5 Body 9.19E-07 0.05 0.002 0.08 3.18E-04 

cg07317306 1 110314824 Intergenic 9.79E-07 0.02 0.004 0.04 2.62E-04 

cg03036214 15 63640658 CA12 Body 1.23E-06 0.05 9.90E-04 0.06 0.002 

Chr = chromosome. a. GRCh37/hg19 assembly. b. Effect estimate from limma models adjusted for age, BMI, self-reported smoking status, education (< high 

school, high school graduate or GED, > high school), study center (Arizona, Oklahoma, North and South Dakota), estimated glomerular filtration rate, and 

cell type proportion estimates. 



Table S5: Differentially methylated CpG sites associated with ln(total urinary arsenic concentration) at PFDR < 0.05, and effects sizes and p-

values stratified by smoking status. 

Unstratified Nonsmoker 
a
 (N = 684) Smoker 

b
 (N = 1,641) 

CpG Chr Position 
b
 Gene Feature category p 

Effect 

estimate 
d
 p 

Effect 

estimate 
d
 p 

cg06690548 4 139162808 SLC7A11 Body 9.56E-10 -0.09 0.004 -0.10 5.41E-08 

cg03497652 16 4751569 ANKS3 Body 1.49E-09 0.11 2.15E-04 0.08 1.07E-06 

cg22294740 19 2294961 LINGO3 5'UTR 8.78E-09 0.11 5.74E-05 0.07 1.76E-05 

cg20493718 17 80202979 CSNK1D Body, 3'UTR 1.04E-08 0.14 7.82E-04 0.12 1.65E-06 

cg18616702 1 150523808 ADAMTSL4; MIR4257 5'UTR; TSS1500 2.35E-08 0.05 0.002 0.05 8.27E-07 

cg12116137 17 1576449 PRPF8 Body 1.22E-07 0.11 4.10E-04 0.07 1.08E-04 

cg12106731 1 36023279 NCDN; KIAA0319L TSS200; TSS1500 1.24E-07 0.05 0.002 0.05 1.34E-05 

cg00500428 16 3074502 HCFC1R1; THOC6 TSS1500; Body 1.83E-07 -0.05 0.017 -0.06 6.20E-06 

cg04940901 3 52418250 DNAH1 Body 1.96E-07 0.05 0.003 0.05 1.03E-05 

cg14827056 8 141550539 EIF2C2 Body 2.14E-07 0.08 0.002 0.06 2.34E-05 

cg21369801 17 80202961 CSNK1D Body, 3'UTR 3.96E-07 0.09 0.002 0.07 2.89E-05 

cg09280971 9 73036509 Intergenic 4.63E-07 0.03 0.011 0.03 2.98E-06 

cg27178850 11 9039431 Intergenic 4.66E-07 0.06 2.11E-04 0.03 3.51E-04 

cg08059112 19 2294887 LINGO3 5'UTR 6.19E-07 0.06 3.09E-04 0.03 3.24E-04 

cg20509831 19 58866362 A1BG-AS1; A1BG; ZNF497 Body; TSS1500; 3'UTR 6.45E-07 0.06 0.001 0.04 6.08E-05 

cg01538969 6 30624636 DHX16 Body 7.09E-07 0.07 6.22E-04 0.05 1.44E-04 

cg14595618 10 71135446 HK1 Body 7.63E-07 0.06 0.008 0.06 3.36E-05 

cg07021906 16 87866833 SLC7A5 Body 9.19E-07 0.08 6.89E-04 0.06 2.18E-04 

cg07317306 1 110314824 Intergenic 9.79E-07 0.04 0.007 0.03 1.74E-05 

cg03036214 15 63640658 CA12 Body 1.23E-06 0.05 0.018 0.05 3.43E-05 

Chr = chromosome. a. Never smoker. b. Former smoker or current smoker. c. GRCh37/hg19 assembly. d. Effect estimate from limma models adjusted for age, 

sex, BMI, education (< high school, high school graduate or GED, > high school), study center (Arizona, Oklahoma, North and South Dakota), estimated 

glomerular filtration rate, and cell type proportion estimates. 



Table S6: Differentially methylated CpG sites associated with ln(total urinary arsenic concentration) at PFDR < 0.05, and effects sizes and p-

values stratified by study center. 

Unstratified 

Arizona 

(N = 312) 

Oklahoma 

(N = 981) 

North & South Dakota 

(N = 1,032) 

CpG Chr Position 
a
 Gene Feature category p 

Effect 

estimate 
b
 p 

Effect 

estimate 
b
 p 

Effect 

estimate 
b
 p 

cg06690548 4 139162808 SLC7A11 Body 9.56E-10 -0.11 0.026 -0.14 3.42E-08 -0.067 0.004 

cg03497652 16 4751569 ANKS3 Body 1.49E-09 0.15 0.001 0.09 1.63E-04 0.071 8.41E-04 

cg22294740 19 2294961 LINGO3 5'UTR 8.78E-09 0.17 4.73E-04 0.09 4.27E-05 0.050 0.013 

cg20493718 17 80202979 CSNK1D Body, 3'UTR 1.04E-08 0.20 0.002 0.13 1.08E-04 0.086 0.004 

cg18616702 1 150523808 

ADAMTSL4; 

MIR4257 5'UTR; TSS1500 2.35E-08 0.05 0.066 0.05 1.91E-04 0.036 0.004 

cg12116137 17 1576449 PRPF8 Body 1.22E-07 0.12 0.018 0.07 0.003 0.074 0.001 

cg12106731 1 36023279 NCDN; KIAA0319L TSS200; TSS1500 1.24E-07 0.06 0.033 0.06 8.62E-05 0.038 0.005 

cg00500428 16 3074502 HCFC1R1; THOC6 TSS1500; Body 1.83E-07 -0.11 0.003 -0.04 0.020 -0.057 3.96E-04 

cg04940901 3 52418250 DNAH1 Body 1.96E-07 0.07 0.026 0.04 0.010 0.045 7.17E-04 

cg14827056 8 141550539 EIF2C2 Body 2.14E-07 0.10 0.027 0.06 0.003 0.051 0.004 

cg21369801 17 80202961 CSNK1D Body, 3'UTR 3.96E-07 0.15 0.002 0.06 0.004 0.055 0.010 

cg09280971 9 73036509 Intergenic 4.63E-07 0.04 0.055 0.04 9.22E-05 0.020 0.018 

cg27178850 11 9039431 Intergenic 4.66E-07 0.07 0.008 0.05 2.25E-04 0.024 0.028 

cg08059112 19 2294887 LINGO3 5'UTR 6.19E-07 0.08 0.002 0.03 0.005 0.030 0.006 

cg20509831 19 58866362 

A1BG-AS1; A1BG; 

ZNF497 

Body; TSS1500; 

3'UTR 6.45E-07 0.01 0.839 0.05 0.002 0.050 6.78E-05 

cg01538969 6 30624636 DHX16 Body 7.09E-07 0.12 0.002 0.05 0.006 0.040 0.016 

cg14595618 10 71135446 HK1 Body 7.63E-07 0.11 0.011 0.05 0.011 0.050 0.003 

cg07021906 16 87866833 SLC7A5 Body 9.19E-07 0.15 4.07E-04 0.04 0.030 0.052 0.006 

cg07317306 1 110314824 Intergenic 9.79E-07 0.04 0.075 0.03 0.021 0.038 1.21E-04 

cg03036214 15 63640658 CA12 Body 1.23E-06 0.09 0.020 0.05 0.010 0.041 0.008 

Chr = chromosome. a. GRCh37/hg19 assembly. b. Effect estimate from limma models adjusted for age, sex, BMI, self-reported smoking status, education (< high 

school, high school graduate or GED, > high school), estimated glomerular filtration rate, and cell type proportion estimates. 



Table S7: Differentially methylated CpG sites associated with ln(total urinary arsenic levels) at PFDR < 0.05, and effects sizes and p-

values stratified by diabetes status. 

Unstratified 

Diabetic 

(N = 968) 

Non-diabetic, 

creatinine adjusted 
c
 

(N = 1,357) 

Non-diabetic, SG 

adjusted 
d
 

(N = 1,357) 

CpG Chr Position 
a
 Gene Feature category p 

Effect 

estimate 
b
 p 

Effect 

estimate 
b
 p 

Effect 

estimate 
b
 p 

cg06690548 4 139162808 SLC7A11 Body 9.56E-10 -0.06 0.028 -0.12 3.63E-09 -0.10 1.26E-07 

cg03497652 16 4751569 ANKS3 Body 1.49E-09 0.11 1.24E-05 0.07 1.64E-04 0.06 2.96E-04 

cg22294740 19 2294961 LINGO3 5'UTR 8.78E-09 0.10 5.78E-05 0.06 2.54E-04 0.05 0.004 

cg20493718 17 80202979 CSNK1D Body, 3'UTR 1.04E-08 0.13 6.39E-05 0.11 7.53E-05 0.10 1.03E-04 

cg18616702 1 150523808 ADAMTSL4; MIR4257 5'UTR; TSS1500 2.35E-08 0.04 0.011 0.05 3.64E-06 0.05 1.95E-06 

cg12116137 17 1576449 PRPF8 Body 1.22E-07 0.12 1.63E-05 0.06 0.002 0.06 0.002 

cg12106731 1 36023279 NCDN; KIAA0319L TSS200; TSS1500 1.24E-07 0.05 0.001 -0.06 6.24E-05 0.04 9.20E-04 

cg00500428 16 3074502 HCFC1R1; THOC6 TSS1500; Body 1.83E-07 -0.05 0.007 0.05 1.78E-05 -0.05 8.40E-05 

cg04940901 3 52418250 DNAH1 Body 1.96E-07 0.04 0.010 0.05 4.74E-05 0.04 1.15E-04 

cg14827056 8 141550539 EIF2C2 Body 2.14E-07 0.09 6.15E-05 0.05 0.003 0.03 0.062 

cg21369801 17 80202961 CSNK1D Body, 3'UTR 3.96E-07 0.09 3.32E-04 0.06 7.07E-04 0.06 0.0014 

cg09280971 9 73036509 Intergenic 4.63E-07 0.03 8.84E-04 0.02 0.001 0.02 0.003 

cg27178850 11 9039431 Intergenic 4.66E-07 0.06 2.11E-06 0.02 0.027 0.03 0.001 

cg08059112 19 2294887 LINGO3 5'UTR 6.19E-07 0.05 4.17E-04 0.03 0.002 0.02 0.008 

cg20509831 19 58866362 

A1BG-AS1; A1BG; 

ZNF497 

Body; TSS1500; 

3'UTR 6.45E-07 0.04 0.007 0.05 6.53E-05 0.04 4.73E-04 

cg01538969 6 30624636 DHX16 Body 7.09E-07 0.07 9.09E-04 0.05 0.001 0.04 6.89E-04 

cg14595618 10 71135446 HK1 Body 7.63E-07 0.10 2.72E-07 0.02 0.088 0.01 0.28 

cg07021906 16 87866833 SLC7A5 Body 9.19E-07 0.09 1.41E-04 0.04 0.011 0.05 0.001 

cg07317306 1 110314824 Intergenic 9.79E-07 0.03 0.004 0.03 5.75E-04 0.02 0.003 

cg03036214 15 63640658 CA12 Body 1.23E-06 0.09 1.38E-06 0.03 0.036 0.03 0.028 

Chr = chromosome. a. GRCh37/hg19 assembly. b. Effect estimate from limma models adjusted for age, sex, BMI, self-reported smoking status, education (< high 

school, high school graduate or GED, > high school), study center (Arizona, Oklahoma, North and South Dakota), estimated glomerular filtration rate, and cell type 

proportion estimates. c. Urinary creatinine used to adjust for urine dilution (i.e., total urinary As concentration modeled in units of μg/g creatinine). d. Specific gravity 

(SG) used to adjust for urine dilution. 



Table S8: Results of a linear model for the association between urinary As levels and M-values of cg14595618, annotated to HK1, including the 

interaction term ln(total urinary As) × diabetes status and adjusted age, sex, BMI, smoking status, education, study center (Arizona, Oklahoma, 

North and South Dakota), estimated glomerular filtration rate, and cell type proportion estimates. 

Variable B P 

ln(total urinary As) 0.03 0.017 

Age -0.003 0.003 

Sexa -0.09 <0.001 

Smoking statusb 

Former smoker -0.04 0.022 

Current smoker 0.09 <0.001 

BMI 0.00 0.85 

Diabetes  -0.07 0.15 

Study centerc 

Oklahoma 0.11 <0.001 

North and South Dakota 0.07 0.003 

eGFR 0.001 0.027 

Cell type proportion 

CD8+ T -3.32 <0.001 

CD4+ T -4.38 <0.001 

NK -3.11 <0.001 

B cells -5.30 <0.001 

Monocytes -5.16 <0.001 

Granulocytes -5.60 <0.001 

ln(total urinary As) × diabetes 0.06 0.027 

a. Reference = female. b. Reference = never smoker. c. Reference

= Arizona.



Table S9: Differentially methylated CpG sites associated with ln(total urinary arsenic levels) at at PFDR < 0.05 in our primary analyses, and results 

from sensitivity analyses performed on probe-type normalized data. 

Primary analyses
a
 Probe-type normalized

b
 

CpG Chr Position
c
 Gene Feature category 

Effect 

estimate 
P PFDR 

Effect 

estimate 
P PFDR 

cg06690548 4 139162808 SLC7A11 Body -0.10 9.56E-10 5.88E-04 -0.11 3.01E-09 0.001 

cg03497652 16 4751569 ANKS3 Body 0.09 1.49E-09 5.88E-04 0.09 1.47E-09 0.001 

cg22294740 19 2294961 LINGO3 5'UTR 0.08 8.78E-09 0.002 0.08 9.72E-09 0.002 

cg20493718 17 80202979 CSNK1D Body, 3'UTR 0.12 1.04E-08 0.002 0.11 1.27E-08 0.002 

cg18616702 1 150523808 ADAMTSL4; MIR4257 5'UTR; TSS1500 0.05 2.35E-08 0.004 0.06 2.63E-08 0.004 

cg12116137 17 1576449 PRPF8 Body 0.08 1.22E-07 0.014 0.08 1.32E-07 0.017 

cg12106731 1 36023279 NCDN; KIAA0319L TSS200; TSS1500 0.05 1.24E-07 0.014 0.06 1.22E-06 0.050 

cg00500428 16 3074502 HCFC1R1; THOC6 TSS1500; Body -0.06 1.83E-07 0.017 -0.08 1.56E-07 0.017 

cg04940901 3 52418250 DNAH1 Body 0.05 1.96E-07 0.017 0.06 1.75E-07 0.017 

cg14827056 8 141550539 EIF2C2 Body 0.07 2.14E-07 0.017 0.06 2.40E-07 0.021 

cg21369801 17 80202961 CSNK1D Body, 3'UTR 0.07 3.96E-07 0.028 0.07 4.34E-07 0.031 

cg09280971 9 73036509 Intergenic 0.03 4.63E-07 0.028 0.04 3.28E-07 0.026 

cg27178850 11 9039431 Intergenic 0.04 4.66E-07 0.028 0.05 9.38E-07 0.044 

cg08059112 19 2294887 LINGO3 5'UTR 0.04 6.19E-07 0.034 0.05 5.24E-07 0.033 

cg20509831 19 58866362 

A1BG-AS1; A1BG; 

ZNF497 

Body; TSS1500; 

3'UTR 0.05 6.45E-07 0.034 0.06 5.39E-07 0.033 

cg01538969 6 30624636 DHX16 Body 0.06 7.09E-07 0.035 0.07 9.59E-07 0.044 

cg14595618 10 71135446 HK1 Body 0.06 7.63E-07 0.035 0.07 8.64E-07 0.044 

cg07021906 16 87866833 SLC7A5 Body 0.06 9.19E-07 0.040 0.06 1.02E-06 0.045 

cg07317306 1 110314824 Intergenic 0.03 9.79E-07 0.041 0.04 1.45E-06 0.056 

cg03036214 15 63640658 CA12 Body 0.05 1.23E-06 0.048 0.07 1.57E-06 0.056 

Chr = chromosome. a. Effect estimate and P-values from limma models performed on data normalized using single sample Noob and adjusted for age, sex, 

BMI, self-reported smoking status, education (< high school, high school graduate or GED, > high school), study center (Arizona, Oklahoma, South 

Dakota), estimated glomerular filtration rate, and cell type proportion estimates. b. Effect estimate and P-values from limma models performed on data 

normalized using single sample Noob and RCP normalization and adjusted for age, sex, BMI, self-reported smoking status, education (< high school, high 

school graduate or GED, > high school), study center (Arizona, Oklahoma, South Dakota), estimated glomerular filtration rate, and cell type proportion 

estimates. c. GRCh37/hg19 assembly. 



Table S10: Differentially methylated CpG sites associated with ln(total urinary arsenic levels) at at PFDR < 0.05 in our primary analyses, and 

results from sensitivity analyses using ReFACTor, a reference-free approach to adjusted for cell type proportions. 
Reference-based adjustment for cell 

type proportions (Houseman 

regression calibration)
a
 

Reference-free adjustment for cell 

type proportions (ReFACTor)
b
 

CpG Chr Position
c
 Gene Feature category 

Effect 

estimate 
P PFDR 

Effect 

estimate 
P PFDR 

cg06690548 4 139162808 SLC7A11 Body -0.10 9.56E-10 5.88E-04 -0.10 3.51E-10 2.77E-04 

cg03497652 16 4751569 ANKS3 Body 0.09 1.49E-09 5.88E-04 0.09 1.08E-09 4.25E-04 

cg22294740 19 2294961 LINGO3 5'UTR 0.08 8.78E-09 0.002 0.08 2.56E-09 5.06E-04 

cg20493718 17 80202979 CSNK1D Body, 3'UTR 0.12 1.04E-08 0.002 0.12 1.90E-09 5.00E-04 

cg18616702 1 150523808 ADAMTSL4; MIR4257 5'UTR; TSS1500 0.05 2.35E-08 0.004 0.05 2.69E-08 0.004 

cg12116137 17 1576449 PRPF8 Body 0.08 1.22E-07 0.014 0.08 2.92E-07 0.017 

cg12106731 1 36023279 NCDN; KIAA0319L TSS200; TSS1500 0.05 1.24E-07 0.014 0.05 2.10E-07 0.015 

cg00500428 16 3074502 HCFC1R1; THOC6 TSS1500; Body -0.06 1.83E-07 0.017 -0.06 1.11E-07 0.012 

cg04940901 3 52418250 DNAH1 Body 0.05 1.96E-07 0.017 0.04 1.68E-06 0.044 

cg14827056 8 141550539 EIF2C2 Body 0.07 2.14E-07 0.017 0.05 7.60E-06 0.105 

cg21369801 17 80202961 CSNK1D Body, 3'UTR 0.07 3.96E-07 0.028 0.07 1.36E-07 0.013 

cg09280971 9 73036509 Intergenic 0.03 4.63E-07 0.028 0.03 3.83E-07 0.020 

cg27178850 11 9039431 Intergenic 0.04 4.66E-07 0.028 0.03 4.04E-05 0.210 

cg08059112 19 2294887 LINGO3 5'UTR 0.04 6.19E-07 0.034 0.04 3.35E-08 0.004 

cg20509831 19 58866362 

A1BG-AS1; A1BG; 

ZNF497 

Body; TSS1500; 

3'UTR 0.05 6.45E-07 0.034 0.04 2.17E-05 0.171 

cg01538969 6 30624636 DHX16 Body 0.06 7.09E-07 0.035 0.05 2.04E-07 0.015 

cg14595618 10 71135446 HK1 Body 0.06 7.63E-07 0.035 0.06 4.68E-07 0.023 

cg07021906 16 87866833 SLC7A5 Body 0.06 9.19E-07 0.040 0.06 2.75E-07 0.017 

cg07317306 1 110314824 Intergenic 0.03 9.79E-07 0.041 0.03 1.04E-04 0.284 

cg03036214 15 63640658 CA12 Body 0.05 1.23E-06 0.048 0.05 3.05E-07 0.0172 

Chr = chromosome. a. Effect estimate and P-values from limma models adjusted for age, sex, BMI, self-reported smoking status, education (< high school, 

high school graduate or GED, > high school), study center (Arizona, Oklahoma, South Dakota), estimated glomerular filtration rate, and cell type proportion 

estimates from Houseman regression callibration. b. Effect estimate and P-values from limma models adjusted for age, sex, BMI, self-reported smoking 

status, education (< high school, high school graduate or GED, > high school), study center (Arizona, Oklahoma, South Dakota), estimated glomerular 

filtration rate, and six ReFACTor components. c. GRCh37/hg19 assembly. 



Figure S1: Flowchart of eligible participant and participants selected for DNA methylation analysis. 



Figure S2: Q-Q plot from limma models of M-values of ln(total urinary arsenic levels) adjusted for age, 

sex, BMI, self-reported smoking status, education (< high school, high school graduate or GED, > high 

school), study center (Arizona, Oklahoma, North and South Dakota), estimated glomerular filtration rate, 

and cell type proportion estimates.  



 

 

 

 

 
Figure S3: Sensitivity analyses for probe-type normalization. Q-Q plot from limma models of M-values 

normalized using single sample Noob and RCP normalization adjusted for age, sex, BMI, self-reported 

smoking status, education (< high school, high school graduate or GED, > high school), study center 

(Arizona, Oklahoma, North and South Dakota), estimated glomerular filtration rate, and cell type 

proportion estimates.  

 



 

 

 

 

 
 

Figure S4: Sensitivity analyses for reference-free cell type proportion adjustment. Q-Q plot from limma 

models of M-values adjusted for age, sex, BMI, self-reported smoking status, education (< high school, 

high school graduate or GED, > high school), study center (Arizona, Oklahoma, South Dakota), estimated 

glomerular filtration rate, and six ReFACTor components.  
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