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Indian Communities Over a 10-year Period: The Strong Heart Study

Ana Navas-Acien,’? Jason G. Umans,? Barbara V. Howard,®? Walter Goessler,* Kevin A. Francesconi,?
Ciprian M. Crainiceanu,® Ellen K. Silbergeld,’ and Eliseo Gusilar?t

*Department of Environmental Health Sciences, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland, USA; 2Depart-
maent of Epidemiology and Welch Center for Prevention, Epidemiology, and Clinical Research, Johns Hopkins Madica! Institutions,
Baitimore, Maryland, USA; 3MadStar Research Institute, Washington, DC, USA; 4institute of Chemistry-Analytical Chemistry, Karl-
Franzens University Graz, Graz, Austria; *Department of Biostatistics, Johns Hopkins Bloombarg School of Public Health, Baltimore,
Maryland, USA; ®Department of Cardiovascular Epidemiology and Papulation Genetics, Centro Nacional de Investigaciones

Cardiovascularas, Madrid, Spain

Inorganic arsenic (arsenite, arsenate) is a
naturally occurring toxicant and carcinogen
{Incernational Agency for Research on Cancer
2004; Nadonal Toxicology Program 2002)
thar contaminates groundwater supply syseems
in countries around the world (Smedley and
Kinniburgh 2002). In the United States, arse-
nic levels in drinking water > 10 pg/L—the
U.S. Environmental Protection Agency (EPA)
maximum coneaminant level—disproportion-
ately affect small communities In the West,
Midwest, and Northeast regions (Focazio e al.
2000; 1.S. EPA 2001). Flour and rice also con-
tain inorganic arsenic, particularly if grown or
cooked in areas with arsenic contamination
in soil and water (Del Razo et al. 2002). The
metabolism of inorganic arsenic in the human
body resules in methylarsonate (MA) and dim-
ethylarsinate (DMA), which are excreted in
urine together with unchanged inorganic arse-

and Aposhmn 2006; Callen and
Rr:lmer 1989). Seafood is 2 source of organic
arsenic compounds (arsenobetaine, arsenosug-
ars, arsenolipids) that have no or low toxicity
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compared with inorganic arsenic (Francesconi
and Kuehnele 2004).

In populations with low seafood intake,
total urine arsenic and the sum of inorganic
arsenic and methylared (MA and DMAY} urine
arsentic species are established biomarkers thar
integrace inorganic arsenic exposure from mul-
tiple sources (Calderon et al. 1999; Francesconi
and Kuehnelt 2004; Hughes 2006; National
Research Council 1999). The proportion of
arsenic species that s excreted as inorganic arse-
nic, MA, or DMA also provides informarion
on the metabolism of inorganic amsenic in the
human body. The arsenic species excretion pat-
tern in human urine is approximately 10-20%
inorganic arsenic, 10-20% MA, and 60-80%
DMA, with substantial variation among indi-
viduals (Chiou et al. 1997; Del Razo et al.
1997; Hopenhayn-Rich et al. 1996b; Vahter
2000). Individual arsenic excretion patterns,
on the other hand, were fairly consrant over
time in studies of up te 1 year of follow-up
{Concha et al. 2002; Steinmaus et al. 2005b),
Because a higher proportion of MA in urine has

been associared with an increased risk of cancer
(Chen et al. 2003a, 2003b, 2005; Hsueh er al.
‘1997; Maki-Paaklanen et al. 1998; Steinmaus
et al. 2006; Yu et al. 2000) and cardiovascular
(Tseng et al. 2005; W et al. 2006) outcomes,
there is substantial interest in characterizing the
long-term arsenic species excretion parcerns,
especially for MA.

The objective of this study was to conduct

.an initial assessment of arsenic exposure and

excretion pattern, as measured by roci urine
arsenic and urine arsenic species, in American
Indians from Arizona, Oklahoma, and North
and South Dakota who patticipated in the
Swrong Heart Study, a population-based pro-
spective cohort study funded by the Narional
Heart, Lung, and Blood Institute (Lee ex al.
1990; Strong Hearc Soxdy 2008). On the basis
of arsenic concentrations measured in public
drinking water systems in-the Strong Heart
Study communities, we expected arsenic expo-
sure levels to be higher in Arizona, intermediate
in the Dakotas, and lower in Oldahorna, Given
dietary patterns in the study communities
(Seang et al. 2005), we expected amscnobetalne
concentrations, a marker of seafood arseni-
cals, to be very low. Using three urine samples
for each participant, we also assessed arsenic

and excretion over a 10-year
period and the feasibility of measuring arsenic
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