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Multiple risk factors associated with arsenic-induced skin cancer: effects
of chronic liver disease and malnutritional status
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Summary In order to evaluate the prevalence and multiple nrsk factors of arsenic-induced skin cancer among
residents in Taiwanese villages in which chronic arseniasis is hyperendemic, a total of 1571 subjects aged 30 or
more years were recruited between September 1988 and March 1989. All of them were interviewed personally
by a public health nurse using a structured questionnaire, and 1081 interviewed study subjects, including 468
men and 613 women, participated in physical examination, giving a participation rate of 68.8%. The overall
prevalence of skin cancer was as high as 6.1%, showing an increase with age in both men and women. There
was a significant dose-response relation between skin cancer prevalence and chronic arsenic exposure as
indexed by duration of residence in the endemic area, duration of consumption of high-arsenic artesian well
water, average arsenic exposure in parts per million (p.p.m.) and cumulative arsenic exposure in p.p.m. -years.
Chronic carriers of hepatitis B surface antigen with liver dysfunction had an increased prevalence of skin
cancer. Undernourishment, indexed by a high consumption of dried sweet potato as a staple food, was also
significantly associated with an increased prevalence of arsenic-induced skin cancer. All these risk factors
remained statistically significant in the multiple logistic regression analysis. Consistent with animal
experiments, the findings imply that liver function and nutritional status may affect the metabolism of
inorganic arsenic and the development of subsequent skin cancers.
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Arsenic is a ubiquitous element present in vanrous com-
pounds throughout the earth's crust. The use of arsenical
compounds has increased greatly since the eighteenth cent-
ury. They are used in pigments and dyes, in preservatives of
animal hides, and in the manufacture of glass, agnrcultural
pesticides and various pharmaceutical substances. Inorganic
arsenic has been documented as a human carcinogen of skin
and lung (World Health Organization, 1980; IARC, 1987).
Exposures to inorganic arsenic from medicinal (Sommers and
McManus, 1953; Frost, 1967), environmental (Neubauor,
1947; Tseng et al.. 1968; Yeh et al., 1968; Yeh, 1973; Cebnran
et al., 1983) and occupational (Roth, 1957; Nelson et al.,
1973; Brown and Rabinowitz, 1979) sources have been found
to be associated with the development of skin cancer. Black-
foot disease (BFD) is a unique peripheral vascular disorder
confined to an area on the south-west coast of Taiwan (Wu
et al., 1961). The prevalence of BFD has been found to
increase with the arsenic content of drinking water in a
dose-response relation (Chen and Wu, 1962). The prevalence
of skin cancer, hyperkeratosis and hyperpigmentation in the
BFD endemic area was as high as 10.6, 71.0 and 183.5 per
1000 respectively (Tseng et al., 1968). A dose-response rela-
tion was also observed between the occurrence of skin cancer
and the arsenic concentration in drinking water (Tseng et al.,
1968; Tseng, 1977; Chen et al., 1985, 1988; Wu et al., 1989;
Chen et al., 1992). Furthermore, a significant ecological cor-
relation beween the arsenic level in well water and age-
adjusted mortality from skin cancer in 314 townships all over
Taiwan island was reported in a recent study (Chen and
Wang, 1990). All these findings were obtained in ecological
correlation studies on the association between arsenic
exposure and skin cancer prevalence studies at the village
level. They might be subject to the bias of ecological fallacy,
i.e. the association observed at the village level may not hold
at the individual level.

Artesian wells have been used in the BFD endemic area
since the decade 1900-10. In the 1960s a tap water supply
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system was implemented in the endemic area, but the
coverage was not high until the 1970s. This study was camred
out at the individual level to assess the prevalence of skin
cancer among residents in the BFD-endemic area who had
not drunk high-arsenic artesian well water for more than 15
years.

Despite a large number of residents having consumed high-
arsenic artesian well water, only a small fraction were
affected with skin cancer (Tseng et al., 1968). Furthermore,
residents with the same exposure to high-arsenic artesian well
water were of different ages at the onset of skin cancer. Such
discrepancies in individual susceptibility suggest the existence
of some other co-factors in the induction of arsenic-related
skin cancer. Multiple risk factors other than chronic arsenic
exposure were also explored in this study.

Material and methods

Stud} area

Three villages, Homei, Fuhsin and Hsinming of Putai Town-
ship on the south-western coast of Taiwan island, were
selected as the study area. These three villages include app-
roximately 5% of the total population of the BFD endemic
area. BFD was hyperendemic in this area with a prevalence
as high as 13.6% in Homei, 9.6% in Fuhsin and 10.3% in
Hsinming (Wu et al., 1961). Residents in the area had used
water from artesian wells for more than 50 years. The
median arsenic concentration of artesian well water was
reported to range from 0.70 p.p.m. to 0.93 p.p.m. in the
study area (Kuo, 1964). In the 1960s, provincial and local
governments started to implement a water supply system in
the area, but its coverage remained low in the early 1970s.
Although artesian well water is no longer used as drinking
water, it is still used for pisciculture and agriculture.

Study subjects
Any events of birth, death, marriage/divorce, education and
employment are registered in the household registration
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offices in Taiwan. The information is rechecked annually by
registration officers through home visit interviews. The
sociodemographic characteristics of all adult resdents in the
three study villages were abstracted from records kept in the
local household registration office. From a total of 2258
residents aged 30 or more years old registered in the study
villages, only 1571 who lived at least 5 days a week in the
villages were recruited into this study. All 1571 were per-
sonally interviewed by a public health nurse with a sructured
questionnaire, after which they were recruited to participate
in the physical examination. Subjects and interviewer were
not aware of the subject's skin cancer diagnosis at interview.
A total of 1081 interviewed study subjects including 468 men
and 613 women paricipated in physical examination, giving
a partcipation rate of 68.8%.
The sociodemographic characteristics of the adult residents

who did not participate in physical examinations were similar
to those of the particpants. As shown in Table I, more than
half of the participants were 40-59 years old. About half of
them lived in the Fuhsin Village, and another half in Homei
and Hinming Vlages. Most study subjects were engaged in
fishery, salt production or farming, and most were married
and had an educational level of elementary school or below.

Questionnare interview

Each study subject was personally interviewed by one of two
public health nurses, who were well trained in standardised
interview techniques and use of a structured questionnaire.
The history of living in the BFD endemic area and of
drinking high-arsenic artesian well water, together with life-
style variables, including alcohol drinking, cigarette smoking
and dietary habit, as well as personal and family history of
diseass, were obtained in the interview. The detailed residen-
tial history and duration of consuming high-arsenic artesian
well water were used to derive the average arsenic concentra-
tion in drinking water and the index of cumulative arsenic
exposure for each study subject The arsenic concentration in
artesian well water for each villag in the BFD-endemic area
was obtained from reports of previous studies carried out in
the 1960s (Kuo, 1964). The arsenic concentration determined

Tae I Sociodemographic charactistics of 1081 redents in

blackfoot disea hyperendemic villages

Soiodoaphki characrtics Nnuber Per cent

Sex
Male 468 43.3
Female 613 56.7

Age (years)
< 39 262 24.2
40-59 619 57.3
> 60 200 18.5

Residential vage

Homei 212 19.6
Fuhsin 610 56.4
Hsinming 259 24.0

Occupational history
F-ishig and salt production and farming 5 0.5
FLshing and salt production 32 3.0
Fishing and farming 81 7.5
Salt production and farming 13 1.2
Fishing only 514 47.5
Salt production only 61 5.6
Farming only 47 4.3
Other 328 30.3

Marital statuse
Single 18 1.7
Married 905 84.0
Widowed/divorced 154 14.3

Education klveP
Illiterate 365 33.8
Elmentary school 509 47.1
Junior high school and above 206 19.1

'Marital status was unknown for four subjects and educationl klvel
was unknown for one subject

in the 1960s was used to make a causal inference with a
correct temporality between arsenic exposure and develop-
ment of slin cancer. The arsenic level in artesian well water
of the study was reported to be reasonably constant in two
surveys carried out by the Taiwan Provincal Institute of
Environmental Sanitation (Lo et al., 1977). The average
arsenic concentration (p.p.m.) in drinking water was cal-
culated from the following formula:

I (average arsenic concentration of artesian well
water in p.p.m.)i x (duration of consuming artesian

well water in years)i
I (duration of consuming artesian well water in years)i

i= 1,2..., k, where i indicates the i the residential area in
one's lifetime. In other words, it was the ratio between the
sum of products obtained by multiplying the arsenic concen-
tration of artesian well water by the duration of consuming
the water and the sum of total years of consuming artesian
well water for consecutive periods of living in various vil-
lages. The cumulative arsenic exposure index in p.p.m.-year
was defined as the sum of products by multiplying the arsenic
concentration of well water (p.p.m.) by the duration of con-
suming the water (years) for consecutive periods of living in
various villags. The arsenic exposure index of a given sub-
ject was considered to be uninown if the arsenic concentra-
tion of well water in one or more residential areas during the
lifetime was unk}nown.

Biospecinen collection and laboratory examnuations

Fasting blood samples were collected from study subjects for
examinations of hepatitis B surface antigen (HBsAg) and
serum levels of alanine transaminase (ALT). HBsAg was
determined by radioimmunoassay using commercial kits
(Abbott Laboratories, North Chicago, IL, USA). ALT was
tested by serum autoanalyser using commercial reagents.
Standard control solutions containing both high and low
levels of ALT were used to ensure the inter-batch reliability.

Diagnosis ofskin cancer

Skin lesions including hyperpigmentation, hyperkeratosis and
cancers were clinically diagnosed by expernced derma-
tologists from Kaohsiung Medical College. All subjects
underwent a full body examination, but only severe lesions
were biopsied. All clinically diaosed skin cancers were
included in the analysis. It was found that 90% of dinically
diagnosed cases of Bowen's disease (intraepidermal car-
cinoma) and 91% of clinically diagnosed basal cell and
squamous cell carcinomas were confirmed by biopsy
pathology in the Department of Dermatology of Kaohsiung
Medical College. Most patients affected with skin cacers
had no regular treatment for the disease, and the observed
skin cancers may represent lesions which have developed in
recent years (Yeh et al., 1968).

Data analysis

There were four indicators of arsenic exposure: the duration
of living in the BFD endemic area, the duration of consum-
ing artesian well water, the average arsenic content in drink-
ing water and the cumulative arsenic exposure index. In the
univariate analysis of associations between skin cancer
prevalen and various risk factors, age- and sex-adjusted
odds ratios with their 95% confidence intervals were cal-
culated by logistic regression analysis with exact age and sex
in the model. The statistical sign of the associations
was examined by Mantel-Haenszel chi-square tests. Multiple
logistic gression analyses were fiurther used to estimate
multivariate-adjusted odds ratios and their 95% confidence
intervals for various risk factors. The statistical signiin
of the multivariate-adjusted odds ratio was examined by the
significance test for regression coefficient and signif test
for trend.
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Results

Table II shows the skin cancer prevalence by age and sex in
1081 study subjects in BFD hyperendemic villages. No man

or woman aged less than 45 years had skin cancer, and the
prevalence of skin cancer was found to increase with age in
both men and women. Men had a higher prevalence of skin
cancer than women after the age of 40 years.

Table III shows the dose-response relation between the
prevalence of skin cancer and indicators of arsenic exposure.

Compared with those who lived in the BFD endemic area for
35 years or less as the referent group (odds ratio = 1), the age-

and sex-adjusted odds ratios for those who lived in the
BFD-endemic area for 36-49 years and 50 or more years

were 5.22 and 8.54, respectively. The age- and sex-adjusted
odds ratios for those who consumed artesian well water for
14-25 years and 26 or more years were 5.08 and 6.35,
respectively, as compared with the referent group, who had a

consumption duration of 13 or less years. There was a

significant dose-response relationship between skin cancer

prevalence and average arsenic concentration in drinking
water showing age- and sex-adjusted odds ratios of 3.45 and
5.04, respectively, for those who consumed drinking water
with an average arsenic concentration of 0.01 -0.70 p.p.m.

and 0.71 or more p.p.m. compared with those who had never

been exposed to high-arsenic artesian well water. There was

also a significant dose-response relationship between skin
cancer prevalence and cumulative arsenic exposure index
showing age- and sex-adjusted odds ratios of 1.00, 8.90 and

13.74, respectively, for those who had a cumulative arsenic
exposure index of 4 p.p.m.-years or less, 5-24 p.p.m. -years
and 25 or more p.p.m.-years.

Table IV indicates the prevalence and age- and sex-
adjusted odds ratios of skin cancer by occupational exposure
and lifestyle characteristics. No significant associations with
prevalence of skin cancer were observed for the history of
sunlight exposure at work, cigarette smoking and alcohol
drinking. Those who had a history of working in salt fields
had a higher prevalence of skin cancer than those who did
not. There was a significant association between the duration
of consuming dried sweet potato as staple food and the skin
cancer prevalence. This showed an age- and sex-adjusted
odds ratio of 8.14 and 11.48, respectively, for those who had
consumed dried sweet potato as staple food for 10-19 and
20 or more years compared with those who had consumed
dried sweet potato for only 9 years or less (Table V).
The skin cancer prevalence was significantly higher among

chronic HBsAg carriers with liver dysfunction (ALT,> 50 U 1-')
than among non-carriers with normal liver function
(ALT< 50 U 1') showing an age- and sex-adjusted odds
ratio of 8.42 (95% CI 2.37-29.93). The skin cancer preva-
lence of HBsAg carriers with normal liver function was
similar to that of non-carriers with normal liver function.
Non-carriers with liver dysfunction had a higher skin cancer
prevalence than non-carriers with normal liver function
showing an age- and sex-adjusted odds ratio of 2.05 (95%
CI. 0.54-7.72), but the difference was not statistically
significant. A higher age- and sex-adjusted odds ratio was
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Table II Age-sex-specific prevalence of skin cancer among 1081 residents in blackfoot
disease hyperendemic villages, examined 1988-89

Men Women
Age No. of Cases No. of Cases
group subjects Number Prevalence (%) subjects Number Prevalence (%)

< 44 150 0 0.00 210 0 0.00
45-49 70 3 4.29 82 1 1.22
50-54 81 6 7.41 124 2 1.61
55 -59 72 7 9.72 88 2 2.27
60-64 48 10 10.30 72 11 15.28
65-70 27 8 29.63 19 5 26.32
70+ 18 6 33.33 16 5 31.25

Table III Dose-response relation between prevalence of skin cancer and chronic arsenic exposure among 1081
residents in blackfoot disease hyperendemic villagesa

Skin cancer
Age- and sex-adjusted

No. of No. of Prevalance odds ratio
Variable subjects cases (%) (95% confidence interval) Trend test

Duration of living in
BFD endemic area (years)

(35 296 2 0.68 1.00 P<0.05
36-49 354 11 3.11 5.22 (1.06-25.8)*
50 427 53 12.41 8.54 (1.96-37.24)*

Duration of drinking
artesian well water (years)

(13 315 2 0.63 1.00 P<0.05
14-25 365 12 3.29 5.08 (1.03 -24.98)*
>26 397 52 13.10 6.35 (1.44-27.94)*

Average arsenic exposure
(p.p.m.)

0 168 2 1.19 1.00 P<0.05
0.0-0.70 374 20 5.35 3.45 (0.70-17.0)
>0.71 279 30 10.75 5.04 (1.07-23.8)*

Cumulative arsenic exposure
(p.p.m. -years)

< 4 200 1 0.50 1.00 P<0.05
5-24 482 22 4.56 8.90 (1.07-73.75)*
,25 134 28 20.90 13.74 (1.69-111.64)*
aIn four subjects there were no data on duration of living in the BFD endemic area and duration of consuming

artesian well water, in 265 subjects there were no data on cumulative arsenic exposure and in 260 subjects there
were no data on average arsenic exposure. *P<0.05.

I
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(95% CI. 0.54-7.72), but the difference was not statistically
significant. A higher age- and sex-adjusted odds ratio was
observed for those who had a family history of skin cancer
than for those who did not, but the difference was not

statistically significant. A family history of BFD was not
associated with the prevalence of skin cancer.
As several risk factors might be intercorrelated, multiple

logistic regression analysis was further used to estimate the

Table IV Prevalance and age- and sex-adjusted odds ratio of skin cancer by liver disease status, family
history of chronic arseniasis, occupational exposure and lifestyle characteristics among 1081 residents in

blackfoot disease hyperendemic villages

Skin cancer
Age- and sex-adjusted

No of No of Prevalance odds ratio
Variable subjects cases (%) (95% confidence interval)
Sunlight exposure at work'
No 374 30 8.02 1.00
Yes 703 36 5.12 1.33 (0.75-2.35)

Working in salt fields'
No %7 49 5.07 1.00
Yes 110 17 15.45 2.16 (1.11-4.21)*

Cigarette smoking habit'
No 839 49 5.84 1.00
Yes 238 17 7.14 0.60 (0.30-1.23)

Alcohol drinking habit'
No 939 53 5.64 1.00
Yes 138 13 9.42 1.21 (0.57-2.56)

Duration of consuming
dried sweet potato (years)c

<1 9 267 1 0.37 1.00
10-19 390 14 3.59 8.14 (1.02 -8.78)*
> 20 420 51 12.14 11.48 (1.51-87.10)*

Chronic hepatitis B carrier
and liver function statusa

Non-carrier with normal liver function 673 41 5.73 1.00
HBsAg carrier with normal liver function 227 13 5.42 1.12 (0.56-2.24)
Non-carrier with liver dysfunctionb 31 3 8.82 2.05 (0.54-7.72)
HBsAg carrier with liver dysfunction 22 4 15.38 8.42 (2.37-29.93)*

Family history of chronic arseniasisc
Blackfoot disease
No 1021 60 5.88 1.00
Yes 56 6 10.71 1.54 (0.55-4.32)

Skin cancer
No 1068 65 6.09 1.00
Yes 9 1 11.11 4.05 (0.44-37.27)

aln 67 subjects there were no data on liver function test, or on hepatitis B surface antigen carrier status,
and in four subjects there were no data on family history of chronic arSeniasis. bLiver dysfunction was
defined as an ALT > 50 U I'. cln four subjects there were no data on occupational exposure and lifestyle
characteristics. *P< 0.05.

Tabl V Multiple logistic regression analysis of risk factors associated with skin cancer
among 1081 residents in blackfoot disease hyperendemic villages

Multivariate-adjusted
odds ratio

Variable Group (95% confidence interval)
Age Every one year increment 1.12 (1.08 -1.17)*
Sex Women 1.00 (referent)

Men 2.01 (1.08-3.75)*
Cumulative arsenic i< 4 1.00 (referent)t

exposure (p.p.m.-years) 5-24 6.69 (0.76-59.17)'
> 25 9.05 (1.06- 77.27)*

Chronic hepatitis B carrier
and liver function status

Non carrier with normal liver function 1.00 (referent)
HBsAg carrier with normal liver function 0.95 (0.52-2.16)
Non-carrier with liver dysfunction 2.73 (0.69-10.88)
HBsAg carrier with liver dysfunction 6.61 (1.75-25.03)*

History of working in a salt No 1.00 (referent)
field Yes 2.06 (1.01 -4.18)*

Duration of consuming < 9 1.00 (referent)t
dried sweet potato (years) 10-19 5.46 (0.65-45.92)'

>, 20 8.54 (1.08-67.54)*
a0.05 < P< 0.1. *P< 0.05. tP< 0.05 for trend test.
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multivariate-adjusted odds ratio of developing skin cancer for
each risk factor. Table V illustrates the results of the multiple
log c regrsson analysis. For every 1 year increment in

age, there was a 1.12-fold increase in risk of skin ancer.
Men had a prevalenc of sIin cacer approximately twice
that for women. Cumulative arsenic exposure index was

positively associated with the prevalence of skin cancer in a

dose-response relation. Chronic HBsAg carriers with liver
dysfunction had an icreased risk of skin canr, and a

history of working in a salt field was also signiiantly
associated with skin cancer. The duration of consuming dried
sweet potato as a staple food was positively associated with
the prevalence of skin cancer in a dose-resonse relation.

Since Hutchinson (1887) first reported the possibility that
medication with inorganic arsenic is an aetiological factor for
skin cancer, several types of neoplastic change of the skin,

including Bowen's disease and basal and squamous cell car-
cinomas, have been associated with chronic arsenic exposure.
According to previous ecological studies, the risk of skin
cancer is sigificntly related to an increase in arsenic

exposure among residents in BFD edmic areas (Tseng,
1977; Chen et al., 1985 1988a, 1992; Wu et al., 1989; Cheng
and Wang, 1990). These studies may be subject to the
ecological fallacy, and the association observed at the Willag
level may not hold at the individual klvel This study, per-
formed with the specific aim of examining the association

between arsenic and skin cancer at the individual kvel, found
a dose-response relation beween chronic arsenic exposure

and prevalence of skin cancer similar to that reported
previously, before the tap water supply system was imple-
mented (Tseng et al., 1968).

However, there are some limitations in this study. Not all
eligible study subjects partipated in the health examination.

As the frequency distribution of age, sex, educational level,
occupation, lifestyle variabls, personal and family history of
disease and chronic arsenic exposmue was similar between

particpants and non-participants, it seems unlikely that the
non-response may confound the association observed
between arsenic exposure and skin cancer. Because arsenic
kvels in drinking water in some areas other than the area
endemic for BFD were not always available, the average and
cumulative arsenc exposure levels were unknown for about
one-quarter of study subjects. The duration of consuming
artesian well water was similar for subjects with the inform-
ation on arsenic exposure and those without it Furthermore,
the odds ratio for those without arsenic exposre levels was

between the odds ratios for the lowest and highest exposure
groups. The unavailability of arsenic exposure data for some
study subjects seems not to affect the assessment of the
association observed.
The prevaklnce rather than incidence of skin cancer was

studied In this report As skin cancer patients were
documented to have an increased mortality from ishaemic

heart diseas and internal cancers than those who were not
affected, the prevaklnc of skin cancer and the relative risk
observed for each risk factor may be underestimated in this
study. Most study subjects had been exposed to arsenic in

drinking water since bith, and stopped drinking arteian well
water in the early 1970s. It is hypothesized that the latent
period from the exposure to ingested inorganic arsenic to the
development of skrin cancers may be as long as two to three

Ae skin cancer may occur even years after cessation of
the exposure. No slin cancer case was observed among men
and women aged less than 45 years. They may have an
arsenic exposure too low to induce the skin cancer. The

prevalec of skin cacer was found to increase with age. Old
age may reflect a high cumulative arsenic exposure, an inhe-
rent susceptibility to skcin cancer resultfing from ageing or
both. After adjusting for the effect of cumulative arsenic
exposure index, age mained a signifcant predictor, sugges-
ting a possible role of ageing in the determination of skin

canr. lhe higher prevaknc of skin cancer in men than
women might be because men drink more than women or
men may be more susceptible to skin cancer than women.
The consstent finding of a dose-resonse relation between

arsenic exposur and skin caer in this and previous studies
makes it reasonable to conclude that arsenic is skin car-
cnogei in humans despite ina uate evidence in animals
(World Health Organization, 1980). Arsenc has bee well
documeted to induce chromosomal aberrations and sister
chromatid exhanges in human and rodent cells in vitro
(Jacobson-Kram and Montalbano, 1985), to transform
Syrian hmst embryo cells (Lee et al., 1985) and to induce
gene amplification (Lee et al., 1988). However, arsenic does
not induce mutation in prokaryotic and eukaryotic cells in
vitro (Jacobson-Kram and Montalbano, 1985). Because
arsenic has been reported to be neither an initiator nor a
promoter in the two-stage model of animal carciogeness, it
has been hypothesised to play a role in the progression phase
of carcinogenicity (Lee et al., 1988). Arsenic might induce
human cancers by the induction of cell proliferation through
its inhibition of thiol-dependent enzyme systems.
A positive association between sunlight exposure and skin

cancer has been reported previously (Viyasa et al., 1990;
Green and Battistutta, 1990), but no association between
sunlight exposur and arsenic-induced skin cancer was
observed in this study. Further analysis on the combination
of sunlight exposure and inorganic arsenic exposure did not
shown any modifying effect on skin cancer for sunlight
exposure. The lack of association with sunlight exposure may
be due to the crude measurement of cumulative lifetime
sunlight exposure. The miscl tion of the exposure may
result in the underetimation of odds ratios. Arsnic-induced
skin canr lesions have similar histological features to
sunlight-related skin cancers (Deng and How, 1977), but
their distributions of skin lesions are different. Arsenic
cancers spread on every part of the body, while skin lesions
induced by other carcinogens such as UV radiation and
polyaromatic hydrocarbons are linited to the sites of
exposure. In other words, arsenic-induced skin cancer lesions
can be distnguishe from those resulting from exposures to
other skin carcinogens by their distribution on the body. The
body site distribution of skcin cancer was similar among men
and women in this study. The wide spread of skcin ksions
induied by arsenic exposure might be due to a wide distribu-
tion of insted arsemc in human tissues.
No association with skin cancer was observed for the

habits of cigarette smoking and alcohol drinking in this
study, but a history of working in salt fields was significntly
correlated with an increased risk of skin cancer. Working
under sunlight in a humid subtropical area, salt field workers
tend to drink more water than those who are engaged in
other occupations. This might explain the higher risk of
arsenic-iduced sin cancer among salt field workers.

Inorganic arsenic is biotransformed in the body to
monomethylarsonic acid (MMA) and dimethylarsinic acid
(DMA) (Tam et al., 1979). Methylation of arsenic is con-
siderd to be a detoxication mechanism because DMA has a
low acute toxicity (Vahter and Marafante, 1983) and is
rapidly excreted in the urine (Vahter et al., 1984). Although
the complete mhanism of methylation of inorganic arsenc
has not been elucidated, it sems clear that it takes place in
the liver and is enzymaicaly mediated. Liver insufficiency
(glutathione depletion) significantly modifies the ratio of the
methylated metabolites excreted in une (Buchet et al.,
1984), so that liver disease may have an affect on the
methylation of arsenite in humans (Buchet et al., 1984) or in
rats (Buchet and Lauwerys, 1987). In the present study, we
found a signifntly increased prevalence of skin cancer
among chronic HBsAg carriers with liver dysfunction. It is
porposed that chronic HBsAg carriers with liver dysfunction
would influence methylation and thereby detoxcation of
inorganic arsenc. Therefore, arsenic may be accumulated in
the keratin-rich tissues such as skin, hair and epithelium of
the upper gastrointesnal tract. Residents in BFD endmc
areas were found to have a very poor nutritional status

113

i
I



sk dfsid NsCORdUd sin cancer
rY-M Hsueh et al

114
(Blackwell, 1961). Dehydrated sweet potato and/or rice were
the staple foods for people in Taiwan before 1960. Those
who had a low socioeconomic status consumed much more
dehydrated sweet potato than those with a high
socioeconomic status. Our previous study has shown that the
higher the consumption of dehydrated sweet potato, the
lower the intake of other nutrients and the poorer the nutri-
tional status (Chen et al., 1988b). In this study, we found a
dose-response relation between the prevalence of skin cancer
and the duration of consumption of dried sweet potato as a
staple food, which was used as an indicator of undernourish-
ment. It has been reported that subjects with a poor nutri-

tional status have a lower capacity for methylation and
arsenic detoxication (Vahter and Marafante, 1987). An
intervention study on arsenic methylation among people who
are using high-arsenic drinking water is recommended for the
further validation of these findings.
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