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Abstract

Objective: Arsenic exposure and environmental tobacco smoke (ETS) have been suspected to be associated with
bladder cancer risk. We hypothesize that interaction between ETS and the ability to methylate arsenic, a
detoxification pathway, modifies the risk of bladder cancer.

Methods: From January 1996 to December 1999, we identified 41 newly diagnosed bladder cancer patients and 202
fracture and cataract patients at the National Cheng-Kung University (NCKU) Medical Center. The levels of
urinary arsenic species [As(I11), As(V), MMA(V), and DMA(V)] were determined in all subjects.

Results: We found significant interaction between ETS and secondary methylation index (SMI) on the risk of
bladder cancer (p =0.02). Among non-smokers with a high primary methylation index (PMI), the risk of bladder
cancer was lower in subjects exposed to ETS (OR, 0.37; 95% CI, 0.14-0.96) than in subjects without exposure to
ETS. Among non-smokers without ETS, the risk of bladder cancer was 4.7 times higher in subjects with a low SMI
(95% CI, 1.30-16.81) than in subjects with a high SMI.

Conclusions: Ability to methylate arsenic plays an important role in reducing the risk of bladder cancer attributable
to the continuation of arsenic exposure from drinking water and from ETS exposure.

Abbreviations: Environmental tobacco smoke, (ETS); Arsenite, As(I11); arsenate, As(V); monomethylarsonic acid,
MMA(V); monomethylarsonous acid, MMA(III); dimethylarsinic acid, DMA(V); cumulative arsenic exposure,
CAE; primary arsenic methylation index, PMI; secondary arsenic methylation index, SMI.

Introduction

Previous studies have shown that arsenic exposure
may lead to cancers of the liver, kidney, bladder,
prostate, lymphoid tissue, skin, lung, colon, and nasal
cavity; blackfoot disease (BFD); ischemic heart dis-
ease; hyperpigmentation, hyperkeratosis; diabetes;
meningioma; and other health effects [1, 2]. Several
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epidemiologic studies [2-8] have related mortality,
prevalence, and lifetime risk of bladder cancer to
arsenic exposure.

Groundwater supplies in Bangladesh, India (West
Bengal), China (Inner Mongolia), and parts of the
United States (California, Nevada, Alaska, and Utah)
have high levels of arsenic. The US Environmental
Protection Agent (EPA) has estimated that about
350,000 people in the US drink water containing
> 50 ug/l of arsenic and about 2.5 million people drink
water containing > 25 ug/l [9]. On January 22, 2001, the
EPA lowered the standard for arsenic in drinking water
to 10 ug/l.
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Tobacco smoke has been related to an elevated risk of
bladder cancer [10-12]. For non-smokers, environmen-
tal tobacco smoke (ETS) is a source of arsenic exposure,
i.e., arsenic is a constituent of tobacco smoke [13]. Little
research has been done assessing the relationship
between ETS and bladder cancer [14-16], and findings
to date show that ETS contributes little to the risk of
bladder cancer.

No published studies have assessed the arsenic expo-
sure from these two sources, tobacco smoke and
drinking water, together. Arsenic methylation is the
main pathway to detoxicify arsenic in drinking water or
in inhaled tobacco smoke. In earlier studies [17, 18], we
found an elevated risk of bladder and skin cancer among
persons with lower arsenic methylation ability and
higher cumulative arsenic exposure (CAE). These two
studies were conducted in southwestern Taiwan, an area
formerly endemic for arsenic-related black-foot disease.
Study subjects were exposed to arsenic in drinking water
30 years ago. We hypothesize that there is an interaction
between ETS and arsenic methylation ability affecting
the risk of bladder cancer among people exposed to
arsenic via drinking water. We also assess the role of
arsenic methylation on the risk of bladder cancer.

Materials and methods
Study design

The research protocol was approved by the Institu-
tional Review Boards of the Harvard School of Public
Health and National Cheng-Kung University
(NCKU). From January 1996 to December 1999, a
hospital-based case-control study was conducted in
southwestern Taiwan. Forty-one patients with newly
diagnosed bladder cancer and 202 controls (fracture
and cataract patients) were recruited from the NCKU
Medical Center. Since this population included few
young subjects and older people tend to smoke more
than younger people, we excluded 8 cases and 22
controls younger than 50. The NCKU Medical Center
is the main medical referral center for cancer diagnosis
and treatment for residents of Tainan City and
surrounding rural communities. Patients with long-
bone fractures or cataracts were chosen because these
conditions are not known to be associated with
arsenic exposure.

Of the patients with newly diagnosed bladder cancer
recruited in our study, 80% had confirmed transitional
cell carcinoma (TCC) (80%) and 20% were missing
information on specific cell-type. The pathologic
diagnosis was performed at the NCKU Pathology
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Department using the International Classification of
Diseases, version 9 (ICD-9; code 188) [19].

Primary and secondary methylation indexes were
defined as the ratios of urinary MMA(V)/inorganic
arsenic and DMA(V)/MMA(V), respectively. Since
most arsenic exposure was through the consumption
of drinking water, we needed to estimate arsenic
exposure over time. We defined the cumulative
arsenic exposure index (CAE) (2) as CAE =Z[(Average
arsenic concentration of artesian well water in mg/l); x
(Duration of consuming artesian well water in
YeArs)i.unit of village). W€ estimated the average concen-
tration of arsenic in artesian well water from question-
naire data based on the village of the subject’s residence
30 years previously and the average arsenic level in well
water for each village obtained from the Taiwan
Provincial Institute of Environmental Sanitation survey
of 83,656 wells between 1974 and 1976 [20].

At the time of urine collection, each subject was
administered a questionnaire by trained interviewers,
all of whom were blinded to exposure status and study
hypotheses. Subjects’ smoking status and ETS expo-
sure were obtained from the questionnaire. Smoking
status was validated by another question, e.g., the age
they started to smoke. ETS exposure was validated by
smoking status obtained from questionnaire, i.e., a
person who had ETS exposure could only be a non-
smoker. The questionnaire also included questions on
demographics (gender, age, ethnicity, height, body
weight, education, and working experience), personal
habits (cigarette smoking, consumption of alcohol, tea,
and coffee; and use of hair dye), disease history, other
relevant questions (history and duration of each
residence, sources of drinking water, medication usage,
and occupations), and diet recalled over the past year.
Persons who did not complete or refused to answer the
questionnaire were excluded. Completed questionnaires
were obtained from 74% of eligible subjects. Parts of
the questionnaire were verified from lists of names and
addresses of residents in the study area obtained from
local household registration offices that register and
update sociodemographic characteristics (e.g., gender,
age, educational level, marital status, and occupation)
of all residents annually.

Laboratory analysis

A spot urine sample was collected from each subject and
stored in a —20 °C freezer at the NCKU Medical Center.
The urinary levels of four arsenic species [As(I1I), As(V),
MMA(V), and DMA(V)] were determined for all
subjects. We described our laboratory procedures in
detail in our previous study [17].



ETS, arsenic methylation, bladder cancer

Statistical analysis

We used two multiple logistic regression models, one for
men and the other for women, to estimate the multi-
variate odds ratios (and 95% confidence intervals) of
bladder cancer associated with ETS by smoking status.
The same models were used to assess the association
between arsenic methylation ability and the risk of
bladder cancer. The interaction between PMI and ETS
was analyzed in two models, one for smokers and the
other for nonsmokers. The same methods were applied
for the interaction between SMI and ETS. The p-values
indicating interaction are also reported. Statistical
software, SAS 8.1, was used throughout the analysis
[21]. To control for potential confounding, we adjusted
for the following risk factors in the multivariate models:
age, gender, body-mass index (BMI), CAE, cigarette
smoking, use of hair dye, and education.

Results

As expected, among the subjects with bladder cancer,
more were men (p=0.003), the BMI was lower
(p=0.043), and more were heavy smokers (p=0.024)
than in the control group (Table 1). The patients with
bladder cancer and controls were similar with regard to
age, hair dye usage, education status, CAE, and arsenic
methylation ability (PMI and SMI).

Among male non-smokers, the risk of bladder cancer
was markedly higher (seven-fold) in subjects with ETS
exposure (95% CI, 1.87-27.4) than in subjects without
ETS exposure (Table 2). This was not the case among
female non-smokers. Because of the few female smokers
in this population (n=2), we could not assess this
association for women.

Among non-smokers with high PMI, the risk of
bladder cancer was lower in subjects exposed to ETS
(OR=0.37; 95% CI, 0.14-0.96) than in subjects not
exposed to ETS (Table 3). Overall, no interaction was
found between ETS, PMI, and the risk of bladder
cancer. However, we observed a statistically significant
interaction (p =0.02) between ETS, SMI, and the risk of
bladder cancer. Among non-smokers without ETS, the
risk of bladder cancer was 4.6 times higher in subjects
with low SMI (95% CI, 1.30-16.81) than in subjects
with high SMI. Finally, among smokers, no interaction
was found between ETS, SMI, and bladder cancer.

Discussion

To our knowledge, this is the first study to assess the
association between ETS and arsenic methylation ability
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(PMI and SMI) and the risk of bladder cancer among
people exposed to arsenic from drinking water. We
found a significant interaction between ETS and SMI on
the risk of bladder cancer. Among non-smokers with
high PMI, after adjustment for cumulative arsenic
exposure and other risk factors, subjects with ETS
exposure had about one third the risk of bladder cancer
than did subjects without ETS exposure (0.37 versus
1.00). Among non-smokers without ETS exposure,
subjects with low SMI had more than four times the
risk of bladder cancer than did those with high SMI
(4.68 versus 1.00). Therefore, arsenic methylation ability
appears to play an important role in reducing the risk of

Table 1. Characteristics of subjects with bladder cancer and control
subjects

Bladder cancer  Controls subjects

Variable p-value
(n = 41) (n = 202)
n % n %

Age

> 50-60 6 14.6 34 16.8

>60-70 22 53.7 89 44.1

>170 13 31.7 79 39.1 0.24°
Gender

Male 35 85.4 120 59.4

Female 6 14.6 82 40.6 <0.01*¢
BMI

<18.5 1 2.6 11 5.4

18.5-23 22 57.9 72 35.6

>23 15 39.5 109 54.0 0.04*¢
Smoking (pack-years)

Never 13 31.7 117 58.2

>0-10 3 7.3 15 7.5

>10-20 4 9.8 13 6.5

>20 21 51.2 56 27.9 0.02%¢
Hair dye

Yes 13 31.7 63 33.7

No 28 68.3 134 66.2 0.52°¢
Education

Illiterate 10 24.4 59 29.2

Elementary 17 41.5 96 47.5

High school 14 34.2 47 233 0.07°

and above
Average CAE® 7.9 8.2 0.90"
(mg/l-year)
PMI® 3.7 4.2 0.72"
sMmr? 8.4 10.6 0.30"

& p—value < 0.05.

® CAE denotes the cumulative arsenic exposure, and these data were
collected from a questionnaire.

¢ PMI denotes primary methylation index calculated from urinary
MMA(V)/inorganic arsenic.

4 SMI denotes secondary methylation index calculated from urinary
DMA(V)/MMA(V).

¢ Chi — square test.

" ttest.
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Table 2. Association between environmental tobacco smoke (ETS) and bladder cancer, stratified by gender and smoking status

Variable Number of cases Number of controls  Multivariate adjusted odds ratio (95% CI)® p-value®
Male
Non-smoker
ETS® exposure (no) 4 22 1.00
ETS® exposure (yes) 2 11 7.16 (1.87-27.4) <0.01*
Smoker
ETS® exposure (no) 16 24 7.58 (0.62-92.97) 0.113
ETS® exposure (yes) 13 60 28.56 (2.82-289.00) <0.01*
Female
Non-smoker
ETSP exposure (no) 2 43 1.00
ETS® exposure (yes) 4 38 1.09 (0.42-2.80) 0.89
Smoker
ETS® exposure (no) - 1 - -
ETS® exposure (yes) - 2 - -

@ p-value < 0.05.
® ETS denotes environmental tobacco smoke.

¢ Chi-square test for a score test having null hypothesis that log OR = 0.
4 Two multiple logistic regression models, one for men and the other for women, were used to estimate the multivariate odds ratios (and 95%
confidence intervals) of bladder cancer associated with ETS by smoking status. All models adjusted for age, body mass index, cumulative arsenic,

hair dye usage, and education.

bladder cancer attributable to arsenic exposure from
drinking water and ETS.

Our results are consistent with previous studies
documenting the association between tobacco smoke
and the risk of bladder cancer [10-12]. However, limited
research evaluating the relationship between ETS and
bladder cancer showed that ETS contributed little to the
risk of bladder cancer [14-16]. Our study found that
ETS significantly elevated the risk of bladder cancer
among men (Table 2) in a population with known
exposure to arsenic in drinking water.

For non-smokers without ETS exposure, the main
source of arsenic exposure is drinking water, and
consistent with our previous findings [17], those with a
low SMI had a significantly higher risk of bladder
cancer than those with a high SMI. Among non-
smokers with arsenic exposure from both drinking
water and ETS, a high PMI significantly lowered the
risk of bladder cancer.

The effect of tobacco smoke (active and passive) on
the risk of bladder cancer would not expected to be less
than the effect of arsenic from drinking water because
this population had low cumulative exposure to arsenic
for the past 30 years. For smokers, the effect of active
smoking on the risk of bladder cancer was greater than
that of arsenic from drinking water, and additional
ETS exposure further elevated the risk. We found that
ETS exposure also significantly elevated the risk of
bladder cancer among male non-smokers. ETS expo-
sure did not affect the risk of bladder cancer among
female non-smokers, probably because our study

included too few women with bladder cancer. Because
this population included many more male than female
smokers, we observed the significantly elevated risk of
bladder cancer among men. Our findings are consistent
with those of a previous study [22] and with cancer
surveillance statistics for 2003 from the American
Cancer Society, which reported that the bladder cancer
rate is two to three times higher among men than
among women [23].

The updated rank order of arsenical toxicity, defined by
carcinogenesis and vascular disorders, is MMA(II) >
As(IIT) > As(V) > MMA(V)=DMA(V) [24]. Presumed
arsenic detoxification pathways include (1) methylation of
arsenic in the liver (major) or kidneys (minor) and (2) the
pulmonary ciliary escalator clearance system. Arsenic is
one of the constituents of tobacco smoke. Because
the particles from ETS are smaller than those from
active tobacco smoke, they reach deeply into the lung’s
pulmonary alveolar region [25].

In humans, inorganic arsenic from ingested water is
taken up readily by red blood cells and then distributed
primarily to the liver, kidneys, spleen, lungs, intestines,
and skin [26-28]. The target systems of arsenic expo-
sure comprise the respiratory, gastrointestinal, cardio-
vascular, nervous, and hematopoietic systems [26].
As(V) is reduced to As(III) in blood and then
methylated to MMA(V) and DMA(V), which are less
toxic than inorganic arsenic and have a lower tissue
affinity. Therefore, methylation of inorganic arsenic,
mainly in the liver, is considered a detoxification
procedure and differs from most other phase-I1
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Table 3. Interaction between environmental tobacco smoke (ETS), arsenic methylation ability, and the risk of bladder cancer

Variable Number of cases Number of controls Multivariate adjusted OR (95%CI)° p-value
(interaction)
Non-smoker
ETS® exposure (no)
High PMI° (<0.9) 6 42 1.00
Low PMI® (>0.9) 1 17 0.51 (0.16-1.68)
ETS® exposure (yes)
High PMI* (<0.9) 3 35 0.37 (0.14-0.96)*
Low PMI® (>0.9) 3 10 1.02 (0.28-3.71) 0.11
Smoker
ETS® exposure (no)
High PMI° (<0.9) 11 20 1.00
Low PMI® (>0.9) 4 5 2.17 (0.44-10.71)
ETS® exposure (yes)
High PMI° (<0.9) 11 50 0.49 (0.21-1.19)
Low PMI® (>0.9) 2 9 0.31 (0.07-1.36) 0.13
Non-Smoker
ETS® exposure (no)
High SMI¢ (<4.8) 2 43 1.00
Low SMI? (>4.8) 4 13 4.68 (1.30-16.81)"
ETS® exposure (yes)
High SMI? (<4.8) 4 29 1.22 (0.48-3.13)
Low SMI® (>04.8) 2 15 0.52 (0.16-1.68) 0.02*
Smoker
ETS® exposure (no)
High SMI! (<4.8) 8 15 1.00
Low SMIY (>4.8) 8 8 3.42 (0.84-13.97)
ETS® exposure (yes)
High SMI? (<4.8) 9 37 0.50 (0.18-1.37)
Low SMIY (>4.8) 4 23 0.62 (0.20-1.94) 0.28
4 p-value < 0.05.

® ETS denotes environmental tobacco smoke.

¢ PMI denotes primary methylation index calculated from urinary MMA(V)/inorganic arsenic.

4 SMI denotes secondary methylation index calculated from urinary DMA(V)/MMA(V).

¢ Interaction between PMI and ETS was analyzed in two multiple logistic regression models: one for smokers and the other for nonsmokers.
Same method was applied for the interaction between SMI and ETS. All models adjusted for age, gender, body mass index (BMI), cumulative

arsenic exposure (CAE), hair dye usage, and education.

reactions because it generally decreases solubility in
water and masks functional groups that might other-
wise be conjugated by the phase-II enzymes [29].
Factors with important roles in arsenic methylation
ability include dose, forms of arsenic administered and
routes of administration, lifestyle (e.g., diet, smoking,
and alcohol consumption), genetic polymorphisms in
metabolism, and probably other sources of inter-
individual variability. Arsenic not methylated is depos-
ited in skin, hair, bone, epididymis, testis, and thyroid,
and other parts of the body [30, 31].

Bladder cancer is rare in young persons. About 80%
of newly diagnosed cases of bladder cancer, for both
genders, are in people 60 years and older [32]. Since
more older people than younger people smoke and we
had few young subjects, we tested our hypothesis by
analyzing data on subjects 50 years and older. Some
significant associations and the interaction between ETS

and SMI on the risk of bladder cancer were observed
only among subjects older than 50. Similarly low CAE
was observed among cases and controls, indicating that
factors other than arsenic from drinking water, in this
case tobacco smoke, play more important roles in the
risk of bladder cancer.

ETS status (ETS exposure among non-smokers) was
validated by other questions in the questionnaire (e.g.,
age when subject started to smoke, whether the subject
had ever quit smoking). Only subjects who confirmed
their non-smoking status from their answers to these
validation questions who reported that people smoked
in their presence most of the time were treated as having
true ETS exposure, minimizing misclassification of ETS
exposure status.

Limitations to our study should be acknowledged
when interpreting these results: we collected arsenic
exposure information from questionnaires by area of



80

residence and used the average arsenic level of well water
in each village. This estimation does not permit evalua-
tion of individual dose-response relationships between
arsenic exposure and the risk of bladder cancer. Hence,
our exposure estimation might lead to non-differential
misclassification of exposure, resulting in an underesti-
mation of the association between CAE and risk of
bladder cancer. However, having found a statistically
significant association between ETS, SMI, and bladder
cancer, our odds ratios are likely underestimates. In
addition, because arsenic exposure from drinking water is
low in this population and our focus is on ETS, this issue
is negligible. Selection bias in this study is unlikely
because the NCKU Medical Center, a referral center,
covers 80% of all patients requiring specialists in the
region and our cases are likely to be representative of
bladder cancers affecting the general community. Recall
bias is a potential confounder for all case-control studies.
Therefore, we validated most of the information ob-
tained from questionnaires (e.g., gender, age, occupation,
and residence) from the household registration (i.e.,
census) office. Because smoking by Asian women is rarer
(3-4%) than among Western women (22-26%) [33-35],
we need an adequate sample size to assess ETS. However,
because the relatively small sample size resulted in the
inclusion of few women with bladder cancer who were
smokers, we were unable to assess the association
between ETS and bladder cancer among female smokers.

We found that arsenic methylation abilities (PMI and
SMI) play an important role in reducing the risk of
bladder cancer for both non-smokers and smokers
exposed to ETS. Therefore, this study provides impor-
tant information on the role of arsenic methylation
ability on the risk of bladder cancer among persons
exposed to arsenic from both drinking water and ETS.
Pooled analyses or large-scale studies among subjects of
different ethnicities are encouraged to confirm our
findings.
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