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Modification of Risk of Arsenic-Induced Skin Lesions by
Sunlight Exposure, Smoking, and Occupational Exposures
in Bangladesh

Yu Chen,* Joseph H. Graziano,| Faruque Parvez,1 Iftikhar Hussain,] Hassina Momotaj, |
Alexander van Geen, 9 Geoffrey R. Howe,* and Habibul Ahsan,*§

Background: The risk of skin lesions associated with arsenic
exposure from drinking water in Bangladesh is considerably greater
in men than in women.

Methods: Using baseline data from 11,062 cohort members in the
Health Effects of Arsenic Longitudinal Study in Araihazar, Bang-
ladesh, we performed a cross-sectional analysis to evaluate whether
the association between arsenic exposure from drinking water and
the risk of skin lesions is modified by tobacco smoking, excessive
sunlight, the use of fertilizer, and the use of pesticides. A time-
weighted well arsenic concentration was estimated for each partic-
ipant by incorporating history of well use. Relative excess risk for
interaction (RERI) and its 95% confidence intervals (Cls) were
estimated using adjusted prevalence odds ratios.

Results: We observed a synergistic effect between the highest level
of arsenic exposure (>113 ug/L) and tobacco smoking on risk of
skin lesions in men (RERI = 1.5 [95% CI = 0.3 to 2.7] overall and
1.7 [0.2 to 3.4] for the subpopulation with longer-term arsenic
exposure). We also observed suggestive synergistic effects between
higher levels (28.1-113.0 ug/L and 113.1-864.0 ug/L) of arsenic
exposure and fertilizer use in men (RERI = 1.0 [—0.2 to 2.2] and
1.3 [—0.2 to 2.9] respectively). Furthermore, the risk of skin lesions
associated with any given level of arsenic exposure was greater in
men with excessive sun exposure. The patterns of effect estimates in
women indicate similar-but-weaker interaction effects of arsenic
exposure with tobacco smoking and fertilizer use.

Conclusions: These findings help explain why the risk of arsenic-
related skin lesions was much greater in men than in women in
Bangladesh. Because most arsenic-induced skin cancers arise from
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these skin lesions, treatment and remediation plans should take into
consideration these etiologic cofactors.

(Epidemiology 2006;17: 459—-467)

Inorganic arsenic is widely but unevenly distributed in the
earth’s crust. The presence of arsenic in groundwater has
been recognized as a public health hazard in many countries.
Epidemiologic studies have documented associations of high
levels of arsenic exposure from drinking water with elevated
risks of premalignant and malignant skin lesions,' internal
cancers,” cardiovascular diseases,” diabetes mellitus,* and
adverse reproductive outcomes.” In Bangladesh, more than
50 million persons have been chronically exposed to drinking
groundwater with arsenic concentrations, exceeding the World
Health Organization standard (10 pug/L).® There is a need to
systematically assess not only the distribution of arsenic
exposure but also the cofactors with which arsenic exposure
synergistically interact to increase arsenic-related disease
burden.

Cutaneous abnormalities, including hyperpigmentation
(melanosis) and hyperkeratosis (keratosis), have long been
known as early signs of chronic inorganic arsenic poisoning.
Melanosis usually starts with changes in skin pigmentation in a
raindrop pattern that is particularly pronounced on the trunk and
extremities and has bilateral symmetrical distribution. Keratosis
commonly appears on the palms and soles, with rough nodules
at the early stages and raised, punctated, 2- to 4-mm skin lesions
forming at later stages.” Leukomelanosis, in which the hypop-
igmented maculaes take a spotty, white appearance, usually
occurs in the early stages of arsenic intoxication.” Unlike ar-
senic-related internal cancers, which have a long latency (ie,
decades), these skin lesions may appear within a few years of
exposure.”® Because these lesions are considered precursors of
arsenic-induced basal and squamous cell skin cancers,” preven-
tion of these skin lesions is an important public health issue.

Arsenic exposure seems to be a necessary cause of the
skin lesions observed in Bangladesh but it may not be a
sufficient cause. The literature has documented marked inter-
individual variability in susceptibility to adverse effects of
arsenic exposure from drinking water. Specifically, numerous
studies'®™"® have unequivocally observed that the risk of
arsenic-associated skin lesions/cancers is greater among men
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as compared with women. Both tobacco smoking and ultra-
violet radiation have been identified as independent risk
factors of nonmelanoma skin cancer.*"!” Although smoking
and sunlight exposure have been suggested as possible con-
tributors to the higher risk of arsenic-related skin lesions in
men, the potential role of these factors as etiologic partners of
arsenic exposure has not been formally evaluated in epide-
miologic studies. Other lifestyle factors or occupational ex-
posures also may modify the effects of arsenic exposure on
skin lesions. In the present study, we tested the hypothesis
that tobacco smoking, excessive sunlight exposure, and oc-
cupational exposures to pesticides and fertilizers modify the
risk of skin lesions caused by arsenic exposure.

METHODS

The Health Effects of Arsenic
Longitudinal Study

The Health Effects of Arsenic Longitudinal Study is a
prospective cohort study that investigates health effects of
arsenic exposure from drinking water in Araihazar, Bang-
ladesh. Detailed information on the study methodology has
been presented elsewhere.'® Briefly, we created a sampling
frame by collecting water samples, geographic data, and basic
demographic data on well owners and users from 5,966
contiguous wells serving nearly 66,000 people in a well-
defined 25 km? area.'®** Between October 2000 and May
2002, 11,746 men and women ages 18 years and older were
recruited from users of these 5,966 wells by trained research
teams, with a participation rate of 97.5%.

The baseline interview included detailed inquires on
water drinking patterns and history, demographics, and life-
style characteristics. Information on diet was assessed using a
newly developed food frequency questionnaire that has been
validated in the study population.”! In addition, trained phy-
sicians completed a comprehensive physical examination,
with special emphasis on signs and symptoms of arsenic-
induced skin lesions and skin cancers, using a structured
clinical protocol. Presence/absence, type, size, and shape of
skin lesions, as well as the extent of skin involvement, were
recorded. Physicians were not aware of the arsenic level in
participants’ drinking wells.'® Verbal consent was obtained
from study participants. The study procedures were approved
by the Columbia University Institutional Review Board and
the Ethical Committee of the Bangladesh Medical Research
Council.

The present analysis is a cross-sectional study using
baseline data from the cohort study. The outcome of interest
was defined as the presence of any of skin lesions, including
melanosis and keratosis.

Measurements of Arsenic Exposure

In brief, water samples from all 5966 tube wells in the
study area were collected in 50-mL acid-washed tubes after
pumping the well for 5 minutes.'® Total arsenic concentration
was determined by graphite furnace atomic-absorption spec-
trometry (Hitachi Z-8200 System, Lamont-Doherty Earth
Observatory of Columbia University, New York, NY)."
Because the standard graphite furnace atomic-absorption spec-
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trometry method has a detection limit of 5 ug/L, water samples
found to have arsenic concentration at or below the detec-
tion limit were reanalyzed by inductively coupled plasma-
mass spectrometry, which has a detection limit of 0.1
ug/L.*?

Analyses for time-series samples collected from 20
tube wells in the study area showed that the standard devia-
tion of groundwater arsenic concentrations was <10 ug/L
over the course of 3 years.?> Given that arsenic concentration
in well water is relatively stable over time, we derived a
time-weighted arsenic measure as a function of drinking
durations and well arsenic concentrations. This arsenic mea-
sure (in pg/L) is defined as 3 C,T;/2T,, where C; and T;
denote the well arsenic concentration and drinking duration
for the ith well. If the previous drinking well was one of the
5966 tube wells that we had already tested, drinking duration
and well arsenic concentration of the previous well were
taken into account in the calculation of arsenic exposure.
Eighty-six percent of study participants used their current
well as their exclusive source of drinking water. For partic-
ipants who reported drinking water from a second well
(14%), the average concentration of the 2 wells was consid-
ered for the same drinking duration in the calculation of
arsenic exposure. The average time for which arsenic con-
centration was known was 10.0 years for men and 8.3 years
for women, accounting for 25% of lifetime on average for
both sexes.

Measurements of Occupational and
Smoking Variables

In addition to demographic and socioeconomic charac-
teristics, we collected information on occupational uses of
fertilizers, chemical dyes, and pesticides, including current
use status, duration of use, and specific product brands. Men
with outdoor occupations were queried about daytime work-
ing duration and whether their bodies were covered by
clothing while outside. Because women in Bangladesh uni-
versally wear traditional dresses that almost completely cover
the skin of their trunk, sunlight exposure of female respon-
dents was considered minimal and therefore was not assessed
in the study.

Detailed information on smoking of tobacco products
also was collected. Details of smoking cigarettes and bidis
(filterless locally produced cigarettes) were asked together
(past or current use, duration of use, age at start, and number
of sticks per day). A separate set of questions were asked for
hukka smoking (tobacco smoking using waterpipes). We
observed a high correlation between hukka and cigarette use,
such that 98% of the 1845 ever smokers of hukka were ever
smokers of cigarettes/bidis. Therefore, we dichotomized sub-
jects as never/ever smokers of cigarettes, bidis, or hukka. To
define finer categories of smoking status, past and noncurrent
users of any tobacco products were classified as past smokers,
and current users of any tobacco products were considered
current smokers. Although cigarettes and bidis frequently are
sold individually in Bangladesh, we calculated “pack-years”
(product of sticks of cigarettes/bidis per day and years of
smoking, divides by 20) for ease in comparison with other
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studies. Similarly, a “time-years” index (product of times per
day and years of smoking) was calculated for hukka smoking.
Median values of “pack-years” and “time-years” among all
current smokers were used to define current moderate and
heavy smokers.

Statistical Analysis

Study participants were recruited from a list of regular
users of all contiguous wells in the study area.'® Eighty-nine
percent of study participants shared tube wells with 0—5 other
study participants, whereas the remaining 14% shared their
wells with 6—13 individuals. To account for the correlation of
arsenic exposure among participants who consumed water
from the same well, logistic regression modeling of corre-
lated data using generalized estimating equations®* was used
to estimate prevalence odds ratios (PORs) for skin lesions.
Calculations of standard errors and 95% confidence intervals
(CIs) were based on robust variance estimates with “ex-
changeable” correlation structure, which assumes that any 2
distinct participants from the same well have the same cor-
relation coefficient for their arsenic exposure. Because distri-
butions of tobacco use and the occupational exposures are
very different by sex, sex-specific analyses were performed.
Analysis with regard to sun exposure and pesticide use was
only performed in men because sun exposure was not as-
sessed in women and pesticide use was very rare in women
(with only 7 cases of skin lesions who were ever-users of
pesticides). PORs for skin lesions in relation to arsenic
exposure were computed by categories of each potential
effect-modifier, controlling for other effect-modifiers of in-
terest in the present study as well as age, body mass index,
educational attainment, and daily water consumption.

We assessed the presence of synergy (ie, epidemiologic
interaction or interaction on an additive scale) between ar-
senic exposure and each of the potential effect-modifiers by
testing whether the joint effect of exposure to both factors
was greater than the sum of their independent effects. The
arsenic exposure was categorized into 3 levels (low, moder-
ate, high), each of them included 33% of overall study
population. We hypothesized a priori a single reference group
with the lowest risk of arsenic-induced skin lesions and
estimated dose-specific relative excess risk for interaction
(RERI)**?° using adjusted PORs as surrogates of incidence
rate ratios.

RERI was calculated as follows

RERI =~ POR, — POR_— POR + 1
Jk Jjo 0k

where POR; indicates the POR for skin lesions for partici-
pants with arsenic exposure at k (moderate or high) level and
a hypothesized more susceptible attribute j (eg, ever, past,
current moderate, or current heavy smoking) as compared
with the reference group with low level of arsenic exposure
and a less susceptible attribute (eg, never smoking); POR,,
indicates the POR for skin lesions comparing participants
with arsenic exposure at k level alone to the reference group;
and POR;, denotes the POR for skin lesions comparing
participants with a more susceptible attribute j (eg, ever, past,
current moderate, or current heavy smoking) alone to the
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reference group. 95% Cls of RERI were estimated for statis-
tical inferences using the standard delta method described by
Hosmer and Lemeshow?’ and a modified SAS (SAS Institute,
Cary, NC) program developed by Lundberg et al*® Because
RERI is a measure of difference in risk ratios/rate ratios, there
will be evidence of synergy of 2 risk factors at the P < 0.05
level if its 95% confidence intervals are positive and ex-
cludes zero.

We excluded cohort members with ambiguous skin
lesion status at baseline (n = 96) or those who did not
undergo the baseline physical examination (n = 212). Infor-
mation on years of well use was not available for 436
participants because this question was added to the question-
naire a month after the study began. A total of 11,062 with
data on time-weighted arsenic exposure and skin lesion status
were included for the present cross-sectional analysis. Those
with missing values on any of the variables of interest (n =
114; 73 women and 41 men) were excluded from multivariate
analysis. Multivariate analysis was also performed in the
subpopulation (n = 7997) with longer-term arsenic exposure,
defined as those with =5 years for the duration with known
well arsenic concentrations. In this subpopulation, the aver-
age duration with known well arsenic concentrations was
13.1 and 11.3 years for males and females, respectively,
accounting for 32% of their lifetime on average in both sexes.
The subpopulation was very similar to the overall population
in terms of distributions of arsenic exposure levels and
potential effect modifiers of interest (data not shown).

RESULTS

Table 1 shows distributions of sociodemographic vari-
ables, body mass index, smoking status, and occupational
exposures by sex and status of skin lesions. The prevalence of
current cigarette smoking was much greater in men (62%)
than in women (4%). In men, there were more past smokers
and more heavy current smokers of cigarettes/bidis in cases
than in noncases of skin lesions. Although few female current
smokers of cigarettes/bidis smoked heavily, the percentage of
ever smokers in cases (15%) was more than doubled com-
pared with that in noncases (6%). A similar pattern was
observed for hukka smoking, although current smoking of
hukka (2% in men and 1% in women) was much less
prevalent. The use of fertilizers and pesticides was more
prevalent in men than in women and also was more prevalent
in cases than in noncases.

Among men, at low level of arsenic exposure (<28.1
ng/L), smoking was not related to risk of skin lesions (Table
2). At high level of arsenic exposure (>113 ug/L), the risk of
skin lesions was consistently higher in ever, past, and current
smokers compared with never smokers. The pattern of PORs
in the overall population was similar to that in the subpopu-
lation with a longer-term arsenic exposure, and the interac-
tion between tobacco smoking and arsenic exposure was
stronger in the subpopulation. In the subpopulation, the joint
effect of high level of arsenic exposure and ever-smoking
was greater than the sum of their individual effects, with
the RERI being 1.7 (95% CI = 0.2-3.4). When ever smokers
were further grouped into past, current moderate, and current
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TABLE 1.

Distributions of Sociodemographic Variables, Body Mass Index, Smoking Status,

Occupational Exposures, by Sex and Status of Skin Lesions*

Men Women
Skin Lesions Skin Lesions
Yes No Yes No
(n = 572) (n = 4149) (n = 127) (n = 6214)
Age (yrs); mean *= SD 457+ 9.6 41.0 = 9.8 38.6 = 8.9 33.5 =89
Body mass index (kg/m?); mean *= SD 18.8 £ 2.6 19.5 £3.0 19.4 = 3.0 20.0 = 3.3
Education (yrs); mean = SD 3.0+ 36 4.1 £42 1.5+28 3.1 =36
Cigarette/bidi smoking; %
Nonsmokers 17 27 85 94
Past smokers 17 11 9 2
Current smokers (sticks/days)
<11 36 36 5 3
11+ 30 26 1 1
Hukka smoking; %
Nonsmokers 44 67 93 97
Past smokers 50 31 6 2
Current users (times/d)
<5 3 1 1 1
5+ 3 1 0 0
Work outside; %
No 66 75 — —
Yes — —
Covered 24 21 — —
Uncovered 10 5 — —
Use of fertilizer; %
Yes 80 67 26 17
Use of pesticides; %
Yes 61 51 6 4

*Data on body mass index were missing for 3 men with skin lesions, 15 men without skin lesions, 1 woman with skin lesions,
and 52 women without skin lesions. Data also were missing on education for, respectively, 0, 5, 0, and 1 subjects; on smoking for
0, 4, 0, and 5 subjects; on hukka smoking for 0, 5, 0, and 4 subjects; and on pesticide use for 0, 1, 0, and 2 subjects.

heavy smokers, the synergistic effects of high level of arsenic
exposure with past smoking and current heavy smoking were
stronger (RERI = 2.8 [95% = 0.1 to 5.6] and 2.0 [0.1 to 4.0]
respectively, in the subpopulation). Female ever smokers in
general smoked less intensively, with lower pack-years for
cigarettes/bidis and time-years for hukka. Among women,
PORs associated with high arsenic exposure levels were
also greater in ever smokers than in never smokers. How-
ever, the joint effect of smoking and high level of arsenic
exposure was not significantly greater than the sum of the
individual effects.

Among men, at each level of arsenic exposure, PORs for
skin lesions in ever-users of fertilizer were greater than those in
never-users (Table 3). Joint effects of ever using fertilizer with
moderate and high levels of arsenic exposure suggest similar
synergistic effects (RERI = 1.3 [—0.2 to 2.8] and 1.3 [—0.6 to
3.2]). Similar patterns of PORs were observed when ever-users
were categorized by duration of fertilizer use. In women, risk
associated with each higher level of arsenic exposure was also
greater in ever-users of fertilizers than in never-users. However,
the joint effect of greater arsenic exposure and use of fertilizer
did not suggest synergism.
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In men, risks of skin lesions associated with moderate
and high level of arsenic exposure were comparable in ever
users and never users of pesticides (Table 3). The pattern of
PORs did not suggest an influence of pesticide use in the
relation between arsenic exposure and risk of skin lesions.

At any given level of arsenic exposure, risk of skin
lesions was greater in men with excessive sun exposure
(Table 3). For example, in the overall study population,
compared with men who had a low level of arsenic exposure
and no excessive sun exposure, PORs associated with mod-
erate and high level of arsenic exposure in men without
excessive sun exposure were 2.5 (95% CI = 1.9-3.5) and 3.8
(2.8-5.1), respectively; and the corresponding PORs were 4.5
(2.6-7.8) and 5.3 (3.0-9.3), respectively in men with exces-
sive sun exposure. RERI estimates indicate that the joint
effect of excessive sun exposure and higher levels of arsenic
exposure did not exceed additivity.

DISCUSSION

In this study, we formally evaluated interaction of level
of arsenic exposure with tobacco smoking, use of fertilizer,

© 2006 Lippincott Williams & Wilkins
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P g use of pesticide, and excessive sun exposure on the risk of
oo |8 skin lesions in men and women separately. We found an
= o O 173 . . . .
= = =13 apparent synergistic effect between high level of arsenic
zY o el 8 ) ol
EES qle] s exposure and tobacco smoking in men. In addition, risk of
£ & ol s skin lesion associated with any given level of arsenic expo-
2 @3 . . .
g S|z sure was greater in men who reported excessive sunlight
& T exposure and in men who were ever-users of fertilizer.
2| 2 = Patterns of PORs indicate similar-but-weaker influences of
| 5 £
2|z aa —aal|f = tobacco smoking and fertilizer use on risk associated with
<= e DU S I~ T =3 arsenic exposure in women compared with men.
Q <
| £ ao‘ e SE 2Z2:|: % Epidemiologic studies that have investigated the inter-
AEIRE =3 2338|¢ Z. T - AR
0 S - =T ZI3ls 88 action between arsenic exposure and cigarette smoking on
$ Zae = E “§ g other health outcomes found similar patterns of joint effects.
B~ = . . .
S 5 52 Studies that suggest a greater risk of bladder cancer in smokers
[~ =) 8 . . . . .
= e sS4 were mainly conducted in areas with very high levels of arsenic
z 23 <« 5 < B 29-32
= 2 2 229 Lo |5 5B exposure from drinking water (>300 ug/L).” ~° In Western
= S = . . . . . .
S o e S22 2990 (e g2 United States, Steinmaus et al’® identified a greater risk of
= s S ¥ S 285 ZE i i i i
= >z RN 2 ¢= bladder cancer only in smokers with the highest intake of
= Z =} S
g s E 8 arsenic (median 177 ug/Day). Similarly, a recent study in
o [} . . .
2 - g a2 New Hampshire®? found an elevated risk of bladder cancer in
@ = z =3 smokers with the highest category of toenail arsenic. Another
g o o cwo|E 22 . . .
< Sexe T2l 9% study of 192 cases of arsenic-related skin lesions and 213
3 = o S F|E 54 . 34
=5 o Sl gy controls in West Bengal,”™ however, found a greater propor-
=) g2 SE tion of current smokers in controls, as well as same propor-
w 2 tion of past smokers in cases and controls. Importantly,
=] iviiv} . . . . . .
g €% information on the intensity of smoking and levels of arsenic
S Eg ; . .
’:7 5 5 ocg exposure was not given, nor were sex-specific comparisons
-5 co|8 22 performed in that study. o . .
2% n o~ |g £2 The present analysis is population-based, with a large
i o — - o O . . . . .
& Ll|lg 22 sample size and detailed information on smoking pattern. We
N N N B . .
woalg BE erformed sex- and dose-specific analysis, and we found a
(=) D == )
2 EE synergistic effect between a high level of arsenic exposure
5§ 22 . . .
« AT and tobacco smoking, especially with past and current heavy
= g 22 . . .
=| £ e |2 Z:Z smoking in men. The synergy between tobacco smoking and
= — . . . .
£ 3 =) aw aca|E Za a high level of arsenic exposure from drinking water suggests
HEAE: : 2z 228 3 23 potential public health implications of smoking cessation and
£ 7| & —d —dal|g BE arsenic exposure reduction. We estimated the RERI of the
z e 2% o 2 = highest level of arsenic exposure and ever-smoking in men to
= — » 73] . .
& = EE be 1.5 (95% CI = 0.3-2.7). The corresponding attributable
= z 55 proportion caused by interaction (AP = RERI/POR for joint
4 2 ¢ LY 8 £2 exposures) is 37%, indicating that 37% of skin lesion risk
2 < 2 I<a<) . .
© SO T2 288|585 §8 among men who were ever smokers with highest level of
© ees a==|d =25 . : o
s 5 So o —aald =g arsenic exposure was attributable to the synergistic effect of
z 7z - o ol . .
§ 58 these 2 exposures. The high prevalence of tobacco smokin
£ EE
g £ 2 in Bangladesh has been noted as a major public health
- s &8 - -
= z §% problem.>>-*® In light of the findings from the present study
&0 —_ == . . . .
<3 Z9a 2=mnlE gz and other studies, an emphasis on smoking-cessation pro-
v | % — — e 22 . B .
E £ g © o 3 § 53 grams in Bangladesh wogld be prudent, particularly in areas
gl o T B3 with high levels of arsenic exposure.
5 = é 5 9% Inorganic arsenic can be first ingested as either arsenite
o s 5 55 [As(IIT)] or arsenate [As(V)], which are methylated first to
5 = E T 3ITx monomethylarsonate and then further to dimethylarsinate.
§ " ?sf § - P -1 .gggn Methylation of arsenic has been hypothesized as a detoxifi-
~ g: g - ; % - ; % % % % S c?tion process.3.7 Agross—seqtional st.udy in Chile*® found that
" @e 7 x5l w71z 222 cigarette smoking is associated with a lower methylation
) - N - . 2 88 . N . . . . .
w 522 —xl S xC|BsgES capacity of arsenic, as indicated by a higher ratio of urinary
2 ° < B o AN~ oA~ |2l x . . .
2 25182 R v gsss monomethylarsonate to dimethylarsinate in smokers. The
e . . .
= < J o s 5 immunosuppression caused by tobacco smoking®’*® also
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may play a role in the observed interaction. In addition, bidis,
the filterless locally produced cigarettes with raw tobacco that
are popular in rural areas in Bangladesh, may contain large
amounts of substances that promote the onset of arsenic-in-
duced skin lesions. It has been reported that carcinogenic sub-
stances were detected in greater amounts in bidis than in
cigarettes.*'*> Moreover, tobacco smoking may increase the
requirement of folate,* a critical cofactor in one-carbon metab-
olism through which arsenic is enzymatically methylated.**

We found that the risk of skin lesions associated with any
given level of arsenic exposure was greater in men with exces-
sive sun exposure. This observation is in line with the mounting
evidence from animal and experimental studies that arsenic may
cause skin tumors by enhancing the mutagenicity of ultraviolet
radiation possibly through inhibiting DNA repair and/or enhanc-
ing positive growth signaling.*>*® Skin tumors occurring in
mice given ultraviolet radiation plus arsenite appeared earlier
and were much larger and more invasive than in mice given
ultraviolet radiation alone.*’ In a recent case—control study in an
Arsenic-exposed area in southwestern Taiwan,'? skin cancer
patients reported greater sunlight exposure than controls. In the
present analysis, excessive sun exposure was dichotomized; men
who worked outside with a bare upper body were categorized as
having excessive sun exposure. In the follow-up visits of par-
ticipants in our study, multiple categories of sunlight exposure
were defined, and we will have the opportunity to examine
this issue in greater detail in future prospective investigations of
this topic.

We also found that ever users of fertilizers were more
prone to arsenic-induced skin lesions. There are few reports
of fertilizers causing occupational contact dermatitis.*’*°
Although the irritation of chemical fertilizers may increase
skin sensitivity to the effects of arsenic exposure, the exact
mechanism by which exposures to fertilizers and arsenic
interact to increase the risk of skin lesions is not clear. It also
remains unknown whether exposure to fertilizer would in-
crease the malignant progression of arsenic-induced skin
lesions.

Patterns of PORs indicate that among women the influ-
ences of tobacco smoking and fertilizer use in the risk of
arsenic-related skin lesions are similar but much weaker. To-
bacco smoking and fertilizer use are both infrequent and of
lower intensity among Bangladeshi women. Our findings sug-
gest that various lifestyle and occupational factors, rather than
simply a detection bias, contribute to the much higher risk of
arsenic-related skin lesions in men that has been observed in
other studies.'®!® In our study, both male and female physicians
performed the clinical examinations to minimize detection bias
between male and female study participants. The adjusted PORs
for skin lesions comparing men to women did not differ by
locations of the skin lesions (POR = 4.0 [95% = 2.1 to 7.6] for
skin lesions in the trunk and 3.9 [2.9 to 5.2] for skin lesions in
the extremities), suggesting that differences in the diagnosis of
skin lesion between covered and uncovered areas of the body did
not result in the observed sex differences in risk of skin lesions.
Similarly, the adjusted PORs for early-staged and advanced skin
lesions comparing men to women were also similar (data not
shown).

466

The wide range of arsenic exposure (0.1-864 pg/L) in
the study population, the large sample size, and the detailed
individual-level data provided us a unique opportunity to
evaluate in depth the influences of smoking and occupational
exposures in arsenic toxicity. Epidemiologic studies that
investigate interaction effects often are criticized for dichot-
omizing exposure levels. Importantly, we assessed dose-
specific interaction on the additive scale and showed that the
influence of tobacco smoking on risk of arsenic-related skin
lesions is only apparent at a high level of arsenic exposure.
Although we did not have a complete history of well use,
patterns of PORs in the subpopulation with longer-term
measure of arsenic exposure suggest similar, if not stronger,
synergistic effects between arsenic exposure and smoking,
fertilizer use, and sun exposure. While other potential mod-
ifications such as age and body mass index were evaluated in
a separate analysis,”® these factors were controlled for in the
present analysis. One potential limitation of the study is the
cross-sectional nature of the study design. However, arsenic-
induced skin lesions are usually chronic with prolonged
exposure and in general are not life-threatening. We used
self-reported information on well-use history, sun exposure,
smoking habits, and other occupational exposures. Validity of
self-reported well use history was good; the correlation be-
tween arsenic concentration in the well water and urine was
0.70 in our study population.'®

The identification of factors that render an individual
more likely to be affected by arsenic exposure may help to
unravel disease mechanisms and to design appropriate reme-
diation measures. In conclusion, our findings suggest that use
of fertilizer and excessive sun exposure increase the suscep-
tibility to the risk of skin lesions due to arsenic exposure from
drinking water and that tobacco smoking and high level of
arsenic exposure synergistically increase the risk of skin
lesions. Because most the arsenic-induced skin cancers would
arise from these skin lesions, our findings suggest that arsenic
exposure may increase the risk of skin cancer, particularly in
these subgroups.
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