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I
NORGANIC ARSENIC IS HIGHLY TOXIC 

and carcinogenic for humans. 1,2 

Millions of individuals worldwide 
are exposed to drinking water con-

laminated with inorganic arsenic mainly 
from natural mineral deposits.' In the 
United States, approximately 13 mil
lion individuals live in areas with a con
centration of inorganic arsenic in the 
public water supply that exceeds 10 
jlglL, which is the US Environmental 
Protection Agency's standard for ar
senic concentration in poblic water sys
tems.4 

Inorganic arsenic at relatively high 
concentrations increased glucose and 
insulin levels in animal models,' de
creased glucose uptake in insuliu
sensitive cells,'''' and interfered with 
transcription factors involved in insu
lin signal transduction and insulin sen
sitivity in vitro.8-11 In epidemiologic 
studies from Taiwan. Bangladesh, and 
Mexico, higiJ chronic exposure to in
organic arsenic in drinking water 
(> 100 Ilg/L) was associated with dia
betes."·lO HigiJ chronic exposure to in
organic arsenic in occupational set
tings was also related to higher levels 
of glycated hemoglobin, a marker of 
blood glucose levels." However, the 
effect of lower levels of exposure to in
organic arsenic on diabetes risk is 
largely unknown.'0." 

For editorial comment see p 845. 

Context High chronic exposure to inorganic arsenic in drinking water has been re
lated to diabetes development, but the effect of exposure to low to moderate levels 
of inorganic arsenic on diabetes risk is unknown. In contrast, arsenobetaine, an or
ganic arsenic compound derived from seafood intake, is considered nontoxic. 

Objective To investigate the association of arsenic exposure, as measured in urine, 
with the prevalence of type 2 diabetes in a representative sample of US adults. 

Design, Setting, and Participants Cross-sectional study in 788 adults aged 
20 years or older who participated in the 2003-2004 National Health and Nutrition 
Examination Survey (NHANES) and had urine arsenic determinations. 

Main Outcome Measure Prevalence of type 2 diabetes across intake of arsenic. 

Resuits The median urine levels of total arsenic, dlmethylarsinate, and arsenobeta
ine were 7.1, 3.0, and 0.9 ~g/L, respectively. The prevalence of type 2 diabetes was 
7.7%. After adjustment for diabetes risk factors and markers of seafood intake, par
ticipants with type 2 diabetes had a 26 % higher level of total arsenic (95 % confi
dence interval [CI], 2.0%-56.0%) and a nonsignificant 10% higher level of dimeth
ylarsinate (95% CI, -8.0% to 33.0%) than participants without type 2 diabetes, and 
levels of arsenobetaine were similar to those of participants without type 2 diabetes. 
After similar adjustment, the odds ratios for type 2 diabetes comparing participants at 
the 80th v.the 20th percentiles were 3.58forthe level of total arsenic (95% CI, 1.18
10.83), 1.57 for dimethylarsinate (95% CI, 0.89-2.76), and 0.69 for arsenobetaine 
(95% CI, 0.33-1.48). 

Conclusions After adjustment for biomarkers of seafood intake, total urine arsenic 
was associated with increased prevalence of type :2 diabetes. This finding supports the 
hypothesis that low levels of exposure to inorganic arsenic in drinking water, a wide
spread exposure worldWide, may playa role in diabetes prevalence. Prospective stud
ies in populations exposed to a range of inorganic arsenic levels are needed to estab
lish whether this association is causal. 
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In addition to inorganic arsenic, 
humans are exposed to organic arsenic 
compounds, such as arsenobetaine and 
arsenosugars, mainly fromsea£ood. 2tThe 
biotransformation and toxicity of inor
ganic and organic arsenic compounds 
differ substantially." Inorganic arsenic 
compounds (arsenite and arsenate) are 
metabolized to methylarsonate and 
dimethylarsinate and excreted in the 
urine together with unchanged inor
ganic arsenic. 26 Arsenobetaine, an 
organic arsenic compound, Is excreted 
unchanged in the urine and Is consid-
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