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Abstract

Studies have found an association between aberrant DNA methylation and arsenic-induced skin

lesions. Yet, little is known about DNA methylation changes over time in people who develop

arsenic-induced skin lesions. We sought to investigate epigenome-wide changes of DNA

methylation in people who developed arsenic-induced skin lesions in a ten year period. In 2009–

2011, we conducted a follow-up study of 900 skin lesion cases and 900 controls and identified 10

people who developed skin lesions since a baseline survey in 2001–2003. The 10 cases (“New

Cases”) were matched with 10 controls who did not have skin lesions at baseline or follow-up

(“Persistent Controls”). Drinking water and blood samples were collected and skin lesion was

diagnosed by the same physician at both time points. We measured DNA methylation in blood

using Infinium HumanMethylation450K BeadChip, followed by quantitative validation using

pyrosequencing. Two-sample t-tests were used to compare changes in percent methylation

between New Cases and Persistent Controls. Six CpG sites with greatest changes of DNA

methylation over time among New Cases were further validated with a correlation of 93% using

pyrosequencing. One of the validated CpG site (cg03333116; change of %methylation was 13.2 in

New Cases versus −0.09 in Persistent Controls; P <0.001) belonged to the RHBDF1 gene, which

was previously reported to be hypermethylated in arsenic-exposed cases. We examined DNA
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methylation changes with the development of arsenic-induced skin lesions over time but nothing

was statistically significant given the small sample size of this exploratory study and the high

dimensionality of data.
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INTRODUCTION

DNA methylation silences tumor suppressor genes [Baylin, 2005]. Alterations in DNA

methylation may be crucial in the pathogenesis of many skin diseases, such as basal cell

carcinoma and malignant melanoma [Millington, 2008]. In the past few years several

environmental chemicals have been shown to produce DNA methylation alterations [Hou et

al., 2012]. Of these chemicals, arsenic has consistently demonstrated epigenetic mechanisms

of actions including the ability to alter DNA methylation [Baccarelli and Bollati, 2009].

Both in vitro and in vivo experiments have shown that arsenic exposure can induce global

DNA hypomethylation, as well as gene-specific hypomethylation and hypermethylation

[Kile et al., 2012; Ren et al., 2011; Reichard and Puga, 2010; Sciandrello et al., 2004].

Numerous studies have shown associations between global hypomethylation with both

reduced chromosome stability and altered genome function [Slotkin and Martienssen, 2007;

Schulz, 2006]. There is evidence that arsenic can elicit adverse health effects in humans

such as skin lesions via DNA hypomethylation [Pilsner et al., 2009].

Millions of people globally are exposed to arsenic through naturally contaminated drinking

water. Bangladesh is one of the most severely affected countries, where people are highly

exposed to arsenic by drinking arsenic-contaminated water from tubewells [Chowdhury et

al., 2000]. The most well-characterized and first observable symptom of chronic arsenic

exposure are skin lesions, which are also known to be highly correlated with skin cancers,

especially basal cell carcinoma (BCC), squamous cell carcinoma (SCC) and Bowen’s

disease [Centeno et al., 2002; Tseng et al., 1968]. It was estimated that at least 100,000

people have developed skin lesions caused by arsenic poisoning in Bangladesh [Smith et al.,

2000]. DNA methylation could play a role in the association between arsenic exposure and

skin lesions, and the eventual development of arsenic-related skin cancers.

We sought to identify differential methylation of genes that could illuminate the biological

mechanisms and pathways of arsenic toxicity using epigenome-wide scans. Until now, there

has only been one genome-wide study done on DNA methylation in arsenic-exposed skin

lesion cases. Smeester et al. performed a cross-sectional, genome-wide site-specific DNA

methylation in lymphocyte DNA of 8 female skin lesion cases and 8 female controls using

the Affymetrix Human Promoter 1.0R arrays, and found 183 genes with differential patterns,

of which 182 were hypermethylated in individuals with skin lesions [Smeester et al., 2011].

Many of the genes were involved in arsenic-associated diseases, such as heart disease,

diabetes, and cancer.
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However, DNA methylation is a dynamic process that can be modified by many factors

including aging, environmental and dietary exposures [Cantone and Fisher, 2013; Feil,

2006; Fraga et al., 2005]. No studies have used epigenome-wide methods for DNA

methylation analysis to screen for alterations associated with arsenic exposure with the

development of arsenic-induced skin lesions over time. Therefore, we conducted a

prospective study to further investigate DNA methylation changes that are associated with

arsenic-associated skin lesions.

To achieve this goal, we conducted an exploratory study in Bangladesh based on a case-

control follow-up study of skin lesions over a period of 10 years to evaluate epigenome-

wide DNA methylation changes among individuals who were initially without skin lesions

at the baseline study and developed skin lesions at follow-up (“New Cases”), and compare

their methylation changes with matched individuals who remained as controls at both

baseline and follow-up (“Persistent Controls”). We first measured blood DNA methylation

using the Illumina Infinium HumanMethylation 450K BeadChip, which allows us to

measure simultaneously the methylation levels of 485,577 CpG (cytosine-phosphate-

guanine) sites. We then validated CpG sites that showed the greatest change in methylation

using the highly quantitative pyrosequencing method. Our objective was to provide

epigenetic insights on the development of arsenic-induced skin lesions that may eventually

progress to the skin cancers. Since it may be possible to modify epigenetics through diet,

this work may lead to the development of more effective prevention methods and

intervention strategies in order to protect the susceptible population from developing future

skin cancers.

MATERIALS AND METHODS

Study population

In 2001–2003, we recruited 1800 participants (900 cases of skin lesions and 900 controls) to

examine genetic susceptibility to arsenic-induced skin lesions, as previously described by

Breton et al [Breton et al., 2006]. Cases were defined as participants who have at least one

type of skin lesions. Controls were age- and sex-matched healthy individuals living in the

same general community as the cases. In 2009–2011, we re-contacted 1542 participants and

957 participants agreed to participate enroll in a follow up study [Seow et al., 2012]. From

this populations, we identified a total of 10 people who did not have skin lesions in 2001–

2003 at baseline but were diagnosed with skin lesions at follow-up (“New Cases”) and 397

people who did not have skin lesions at baseline or at follow-up (“Persistent Controls”). For

this exploratory study, we included all 10 New Cases and matched them to 10 Persistent

Controls. Using data collected at baseline, controls were frequency-matched on age

(continuous), sex (dichotomous), smoking status (dichotomous), chewing betel nut

(dichotomous) and body mass index (BMI) (continuous).

Questionnaires and interviews

Trained interviewers administered questionnaires to collect socio-demographic information,

drinking water history, medical history, lifestyle factors, dietary information, water

consumption (liters of water/liquid ingested per day), residential history. To minimize the
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potential for bias, interviewers in the follow-up study were blinded to the participants’

disease status and arsenic exposure at baseline.

Arsenic exposure assessment

We collected 45ml of water sample from each participant’s primary drinking source in a

50ml falcon tube (BD Biosciences, Franklin Lakes, NJ, USA) and added one drop (0.1 ml)

of pure trace metal grade nitric acid to preserve the samples for trace metal analysis.

Samples were stored at room temperature prior to analysis. Analysis of each sample for

arsenic concentration was completed using Environmental Protection Agency (EPA) method

200.8 with Inductively Coupled Plasma Mass Spectroscopy (ICP-MS) (Environmental

Laboratory Services, North Syracuse, New York, USA). For quality control, instrument

performance was validated using repeated measurements of standard reference water

(PlasmaCAL multi-element QC standard #1 solution, SCP Science, Champlain, Canada)

with an average percentage recovery of 95%. Ten percent of the samples were randomly

selected and analyzed in duplicate to confirm reliability. The average percentage difference

between duplicates was 2.5%. The limit of detection (LOD) was 1μg As/L. Samples with

below the LOD were assigned a value of 0.5μg As/L.

Skin lesion assessment

The same physician examined all participants for skin lesions at baseline and follow-up. The

physician was blinded to their exposure levels. Cases were defined as participants who had

at least one type of arsenic-induced skin lesion (melanosis, keratosis, hyperkeratosis or

leukomelanosis). Melanosis (yes/no) was defined as any diffuse or spotted lesion

characterized by dark pigmentation on the face, oral cavity, neck, upper and lower limbs,

chest or back. Keratosis (yes/no) was defined as any diffuse or spotted lesion characterized

by hard and roughened skin elevations observed on the palm or dorsum of the hands and/or

the sole or plantar of the foot. Hyperkeratosis (yes/no) was defined as extensively thickened

keratosis easily visible from a distance. Leukomelanosis (yes/no) was defined as

depigmentation characterized by black and white spots present anywhere on the body.

Assessment for genome-wide DNA methylation levels

Peripheral blood samples were collected from participants both at baseline and follow-up.

Skin biopsies were not available at both time points. DNA was extracted from peripheral

blood samples before being bisulfite-treated with EZ-DNA Methylation Kit (Zymo

Research, Orange, CA, USA) according to the manufacturer’s protocol and running them on

the Illumina’s Infinium HumanMethylation450K BeadChip (Illumina, San Diego, CA,

USA). A total of 40 DNA samples were used in this analysis that were collected at baseline

and follow up, from the 10 New Cases (20 samples) and 10 matched Persistent Controls (20

samples). Image processing and methylation intensity data extraction were performed using

Illumina’s GenomeStudio Methylation module version 1.0 (Illumina, San Diego, CA, USA).

Methylation beta values were defined as the ratio of methylated intensity to the total

intensities (methylated and unmethylated), using M/(M+U+100), where M is the signal from

the probe corresponding to the methylated target CpG, U is the signal from the probe

corresponding to the unmethylated target, and 100 was added to protect against division-by-

zero. The average beta value ranged between 0 (completely unmethylated) and 1
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(completely methylated) and is interpreted as the fraction of DNA molecules whose target

CpG is methylated [Du et al., 2010]. We used these beta values in all our analyses and

reported it as %methylation, which was expressed as the percentage of 5-methylated

cytosines (%5mC) in total (methylated and unmethylated) cytosines. The average number of

detected loci across all samples was 98.8%.

Subset quantile normalization

The Tost pipeline was used to normalize the raw beta values [Touleimat and Tost, 2012].

The pipeline consists of four main steps and includes adjusting for color bias, background

correction and sample normalization. Briefly, the first QC step involves filtering out poorly

detected samples with detection P > 0.01, followed by probe filtering by removing genetic

variations (CpG sites associated with SNPs of MAF 5% based on 1000 Genomes Project

[www.1000genomes.org/]) and allosomal positions, and signal correction to adjust for color

bias and background subtraction, before performing subset-based quantile normalization

within different CpG locations and probe type. We removed from the analyses 26,674 SNP

probes, 32,476 CpG sites with a detection value of more than 0.01, 11,646 CpG sites on sex

chromosomes and 45,717 sites with missing values, leaving a total of 369,064 CpG sites for

analysis (Figure S1).

Pyrosequencing

To validate methylation results from the Infinium HumanMethylation450K BeadChip, we

used pyrosequencing. We selected 6 CpG sites for pyrosequencing because they showed the

largest %methylation change (absolute change > 10% and P < 0.05) between baseline and

follow-up in New Cases [Yuen et al., 2010]. To obtain bisulfite converted DNA, one μg of

genomic DNA (concentration 50 ng/μL) was treated using the EZ DNA Methylation-Gold

Kit (Zymo Research, Orange, CA, USA) according to the manufacturer’s protocol. The

bisulfite-treated DNA was first amplified using bisulfite-PCR and PCR products were

purified and sequenced by pyrosequencing using methods as previously described [Bollati et

al., 2007]. Primers for each assay are listed in Table S1. We used built-in controls to verify

bisulfite conversion efficiency for all assays. In each assay, we measured the percentage of

%5mC. Duplicate runs were done for each assay to ensure reproducibility of results and the

average R-squared value for each CpG site is 0.93 (Table S2).

Statistical analysis

Drinking water arsenic levels between New Cases and Persistent Controls were compared

using the Wilcoxon rank sum test. Batch effects across different chips were adjusted for

using the ComBat function in Bioconductor’s ‘sva’ package [Johnson et al., 2007; Leek et

al., 2012]. Density plots comparing chip effect and P-values before and after adjustment

with ComBat showed that batch effects by chip number has been substantially removed

(Figure S2). Arsenic-induced skin lesions were evaluated as a dichotomous variable (i.e.

presence or absence of at least one type of skin lesions). Since the New Cases and Persistent

Controls were frequency-matched on age, sex, BMI, smoking status and chewing betel nuts

at baseline, these predictors of DNA methylation were very similar between the two groups

and were excluded from the analyses.
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We calculated a percent difference in methylation between baseline and follow-up at each

CpG site for each participant. We then used two-sample t-tests to compare the mean %

difference in methylation at each CpG site between New Cases and Persistent Controls. CpG

sites with P <0.05 were then sorted in descending order according to their absolute

%methylation difference to identify CpG sites that had the greatest change in %methylation

in New Cases. The same analysis was performed for the top CpG sites using the

pyrosequencing results. Spearman correlation coefficient was calculated to compare the two

platforms.

All statistical analyses were conducted using R version 2.13.1 and Bioconductor ‘sva’

packages. All tests were conducted as two-sided and were considered significant with a P-

value of less than 0.05. We used the false discovery rate (FDR) using Benjamini-Hochberg

method [Benjamini and Hochberg, 1995] to correct for multiple testing and to control for

overall type I error of 10%.

RESULTS

Demographics of New Cases and Persistent Controls

We found significantly higher baseline water arsenic levels in New Cases (12.2 ± 437 μg/L)

as compared to the Persistent Controls (2.15 ± 7.2 μg/L, P < 0.001) (Table 1). A similar

trend was seen for the arsenic levels at follow-up, with the New Cases having significantly

higher water arsenic levels than the Persistent Controls (21 ± 125 μg/L New Cases versus

9.15 ± 19.9 μg/L Persistent Controls, P < 0.001).

Top CpG sites with largest %methylation difference in New Cases

The top 20 CpG sites with the greatest %methylation changes between New Cases and

Persistent Controls are shown in Table 2. While these CpG sites had a minimum of 11%

absolute change in methylation levels between baseline and follow-up, none remained

significant when accounting for multiple comparisons. This is likely due to our small sample

size (N=20). Of the 20 top CpG sites, 13 CpGs in New Cases (TCEB3B, CYC1, CDH4,

RHBDF1, CCDC154, JAKMIP3, AGAP2, PL-5283, CHPF, PPAP2C, PCNT, SLC6A3 and

MAP3K1) increased in %methylation, and 7 CpGs (MYO3B, KIAA1683, LOC642597,

C2orf81, ESRRG, PRDM9 and TNXB) decreased in %methylation between baseline and

follow-up. For 14 out of the top 20 CpG sites, the %methylation differences between

baseline and follow-up within New Cases were in opposite directions compared to the

Persistent Controls. For example, methylation at the cg24883732 (TCEB3B) probe increased

by 17% in the New Cases but decreased by 5.4% in Persistent Controls (P = 0.02). Boxplots

of %methylation changes between baseline and follow-up for the top 6 CpG sites are shown

in Figure 1. We also used M-values in the analyses and found no significant differences in

the results (Table S3).

Validating quantitative capacity of Infinium 450K Beadchip

Table 3 shows the pyrosequencing results for the 6 CpG sites that showed the largest

%methylation differences in New Cases. The CpG sites were located on genes TCEB3B,

MYO3B, CDH4, RHBDF1, ESRRG and PRDM9. The correlation coefficients ranged from
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0.39 to 0.90 for the methylation levels between the Infinium HumanMethylation450K

BeadChip and pyrosequencing across all 6 CpG sites. The highest correlation was seen for

CpG sites on genes PRDM9 (90% correlation), MYO3B (85% correlation) and ESRRG (64%

correlation). Three genes PRDM9 (7.7% change in New Cases versus −0.05% change in

Persistent Controls, P < 0.001)¸ RHBDF1 (13.2% change in New Cases versus −0.09%

change in Persistent Controls, P < 0.001) and CDH4 (9.1% change in New Cases versus

−0.6% change in Persistent Controls, P < 0.001) were found to have significantly different

%methylation change in New Cases, as compared to Persistent Controls.

DISCUSSION

We assessed longitudinal epigenome-wide changes of DNA methylation in 10 people who

developed arsenic-induced skin lesions over a ten year follow up. We observed that the

%methylation at different CpG sites both increased and decreased in people who developed

skin lesions. This further illustrates the dynamic nature of DNA methylation. However, the

differences in %methylation between people who developed skin lesions and those that did

not were not statistically significantly different from people who did not develop skin

lesions after considering issues of multiple comparisons. This was likely due to the small

number of people who developed skin lesions in our sample population. The water arsenic

concentrations are significantly different between cases and controls. Therefore, it is

possible that the DNA methylation we observed was induced by water arsenic. However, we

checked the association between baseline arsenic and DNA methylation of the top 6 CpG

sites and none were statistically significant (data not shown).

Interestingly our longitudinal study and Smeester’s cross-sectional study observed that

rhomboid 5 homolog 1 (RHBDF1) had higher methylation in people with arsenic-induced

skin lesions compared to controls [Smeester et al., 2011]. In Smeester et al., rhomboid 5

homolog 1 (RHBDF1) had a 1.47-fold higher methylation between cases and controls (P =

0.075, q-value = 0.046) and we found a 1.19-fold change (equivalent to a 13% increase) in

%methylation of a CpG site on the RHBDF1 gene in New Cases as compared to their

baseline levels. We also observed a 6.9% decrease in %methylation of the same probe in the

Persistent Controls. This indicates that the hypermethylation of the RHBDF1 gene is more

likely related to arsenic exposure and the development of skin lesions than a natural

progression due to aging. RHBDF1 gene regulates the secretion of several ligands of the

epidermal growth factor receptor (EGFR) [Nakagawa et al., 2005]. It is an activated

oncogene in many cancers that indirectly activates the EGFR signaling pathway and

therefore may regulate cell survival, proliferation and migration [Yan et al., 2008; Zettl et

al., 2011; Zou et al., 2009]. Studies have also found RHBDF1 to be essential to epithelial

cancer cell growth [Yan et al., 2008] and to play a part in G-protein-coupled receptors-

mediated transactivation of EGFR growth signals in head and neck squamous cancer cells

[Zou et al., 2009]. In New Cases, the mean baseline %methylation of RHBDF1 gene

appeared to be lower than the Persistent Controls, and showed an increase in %methylation

at follow-up. Therefore, the %methylation at baseline could possibly serve as a predictive

marker for the development of skin lesions 10 years later, and could be used to identify a

sub-population at risk of arsenic-induced skin lesions.
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A total of 127 CpG sites in 75 out of the 183 genes (41.0%) reported by Smeester et al.

passed significance level of 0.05 in our study, but none achieved a level of significance that

survived multiple comparisons. The most significant CpG in our study that lies on the gene

body of NR1H2 gene (nuclear receptor subfamily 1, group H, member 2; P = 2.03 × 10−6)

was also shortlisted as one of the 183 significant genes by Smeester et al. However, the

other 108 genes found to be significant in the Smeester’s study did not show up as

significant in our study. The main reasons for the difference between our findings might be

due to the different study design (longitudinal in our study versus case-control in Smeester

et al.) and different health outcomes of interest (development of new skin lesions in our

study versus pre-existing arsenic-induced skin lesion cases in Smeester et al.). In addition,

the ethnicity of the two study populations was different in the two studies (Bangladesh in

our study versus Mexico in Smeester et al.).

Of the top 20 genes in our study, 7 of them belonged to ‘metal ion binding’ group according

to Gene Ontology (GO) terms (FAT). They are AGAP2 (ArfGAP with GTPase domain,

ankyrin repeat and PH domain 2), PRDM9 (PR domain containing 9), CDH4 (cadherin 4,

type 1, R-cadherin (retinal)), CHPF (chondroitin polymerizing factor), CYC1 (cytochrome

c-1), ESRRG (estrogen-related receptor gamma) and MAP3K1 (mitogen-activated protein

kinase 1). Two genes were found to be enriched for skin diseases (MAP3K1 and TNXB), and

three genes were found to be enriched for metabolic pathways (CHPF, CYC1 and PPAP2C).

Interestingly, the PPAP2C protein results in decreased susceptibility to arsenic trioxide in

vitro. In our study, the PPAP2C probe (cg27370573) was found to be hypermethylated in

New Cases and therefore, possibly silencing the gene, leading to increased susceptibility to

arsenic and subsequent development of skin lesions [Liu et al., 2010].

In addition to RHBDF1, PRDM9 and CDH4 genes also showed consistent results for both

the Infinium HumanMethylation450K BeadChip and pyrosequencing, displaying differential

methylation levels in the New Cases as compared to the Persistent Controls. PRDM9 is PR

domain zinc finger protein 9, which has histone H3(K4) trimethyltransferase activity and is

essential for proper meiotic progression [Thomas et al., 2009]. CDH4 is cadherin-4, which

plays an important role in brain, kidney and muscle development. Aberrant methylation of

CDH4 gene promoter has been previously observed in gastric, colorectal and

nasopharyngeal cancers, suggesting that CDH4 might act as a possible tumor suppressor

gene [Miotto et al., 2004; Du et al., 2011]. Therefore, hypermethylation of CDH4 gene in

the New Cases might indicate early signs of carcinogenesis.

Our study was limited to 10 participants who developed skin lesions over the follow-up

period. Given that that our study was small and we did not find any sites that were

statistically significant after controlling for multiple comparisons, it is possible that most

sites identified may have been identified by chance. We were able to match these individuals

to controls on many potential confounders which improved our analysis. Because samples

were not randomly distributed across chips, ComBat may not sufficiently eliminate the

potential for batch effects and that we may have over- or under-estimated the associations

between the top 20 CpG sites and skin lesions depending on the type of misclassifications

(differential or non-differential). However, the effect size of chip effect was shown to be

reduced with the use of ComBat (Figure S2). This provides evidence that the association
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was driven to the null due to non-differential misclassification, although we still cannot

evaluate the possibility of differential misclassifications. Our study was also limited by only

having whole blood available for ascertaining DNA methylation. Blood is not necessarily a

target tissue for skin lesions and peripheral white blood cells (WBCs) represent a mixed cell

population. WBC methylation has been reported to correlate poorly with tumor tissue

methylation [van Bemmel et al., 2012]. However, because WBCs can be easily obtained

from human subjects, they represent a primary tissue for the development of epigenetic

biomarkers that might be amenable to use for preventive and diagnostic purposes. Moreover,

we performed an additional analysis to estimate the effect sizes due to different cell types

[Houseman et al., 2012] and found the largest possible effect size to be 5% (data not shown).

All of our top 20 CpG sites, however, had an effect size of at least 11% in New Cases (Table

2). In addition, because methylation is a dynamic process and the time-window in which

crucial methylation changes take place in the development of skin lesions are currently

unclear, we cannot be absolutely sure if the significant methylation changes we observed in

the New Cases are fully attributable to the development of skin lesions. RNA expression

was not examined to determine the impact of DNA methylation on gene expression.

Strengths of this study include temporality by assessing longitudinal DNA methylation

changes within individuals over time to account for the effects of time on DNA methylation;

cross-platform validity with a two-stage design using Illumina Infinium

HumanMethylation450K Beadchip followed by pyrosequencing; homogeneous study

population with a similar genetic background that minimizes population stratifications;

comprehensive information was also collected to adjust for potential confounders by

matching cases and controls. We also compared the methylation differences in New Cases

with Persistent Controls, and therefore controlled for degradation of samples and changing

methylation patterns over time in the New Cases.

CONCLUSIONS

This exploratory project identified several differentially methylated genes in people who

developed arsenic-induced skin lesions over a 10 year period that were also reported in

another study of arsenic related skin lesions. These findings demonstrate that DNA

methylation variations occurred with the development of arsenic-induced skin lesions.

Larger studies that examine changes in methylation over time are required to validate these

findings. In addition, the transcriptional effects of these differentially methylated genes

should be evaluated to determine if they are epigenetically regulated and if they are involved

in skin pathogenesis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Boxplots of %methylation change between baseline and follow-up for top 6 CpG sites in

New Cases (red) and Persistent Controls (blue)

Boxplots of %methylation change between baseline and follow-up were plotted for the top 6

CpG sites (on genes TCEB3B, MYO3B, CDH4, RHBDF1, ESRRG, and PRDM9) that are

significantly different between New Cases and Persistent Controls. Red denotes New Cases

and blue denotes Persistent Controls.
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Table 1

Characteristics of New Cases (N=10) and matched Persistent Controls (N=10) at baseline (2001–2003) in

Pabna, Bangladesh

Characteristica New Cases
(N=10)

Persistent Controls
(N=10)

P-valueb

Sex

Male 7 (70%) 7 (70%) –

Female 3 (30%) 3 (30%)

Age, years 37.4 ± 10.2 37.0 ± 9.8 –

Smoking Status

Ever 3 (30%) 3 (30%) –

Never 7 (70%) 7 (70%)

Chew Betel Nuts

Yes 5 (50%) 4 (40%) –

No 5 (50%) 6 (60%)

BMI, kg/m2 19.5 ± 2.0 20.5 ± 2.3 –

Baseline water arsenic, μg/L 12.2 ± 437 2.15 ± 7.2 < 0.001

Follow-up water arsenic, μg/L 21.0 ± 125 9.15 ± 19.9 < 0.001

a
Data are shown as mean ± standard deviation (SD) for age and body mass index (BMI), median ± interquatile range (IQR) for water arsenic, and n

(%) for categorical variables (sex, smoking status, and chew betel nuts).

b
P-values comparing New Cases and Persistent Controls obtained from Wilcoxon rank sum test with continuity correction for water arsenic.

Comparisons were not performed for matching factors (sex, age, smoking status, chew betel nuts, and BMI) between New Cases and Persistent
Controls.
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