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An Evaluation of the Epidemiologic and Experimental Animal Evidence of
Oral Cadmium Exposure and Teratogenic Effects

Peter M. Andrew, Ph.D.; Jiayang Chien, M.P.H.; Kyle J. Colonna; Ph.D., M.P.H; Steven R. Boomhower, Ph.D.

Background and Purpose: For the non-smoking general population, the primary source of cadmium
exposure is through the diet. In 2012, the Agency for Toxic Substances and Disease Registry (ATSDR)
stated in its "Toxicological Profile for Cadmium" that it is not known whether cadmium can cause birth
defects in people. Since that review, additional studies have been published regarding the relationship
between exposure to cadmium and teratogenic effects. We performed an updated review, quality
assessment, and integration of epidemiologic and toxicologic studies to determine whether oral
exposure to cadmium during pregnancy is causally associated with human teratogenicity.

Methods: We searched for epidemiologic and experimental animal studies from government agency
reviews (e.g., ATSDR, US Environmental Protection Agency [US EPA], California Office of Environmental
Health Hazard Assessment [CalOEHHA]) and performed an independent literature search in PubMed
and Scopus for relevant studies published since ATSDR's 2012 review. For epidemiologic studies, study
quality was evaluated based on, but not limited to, the following:
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Study design and sample size;
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Exposure assessment methods;
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)
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3) Outcome ascertainment methods;
) Consideration and control of potential confounders (e.g., alcohol use, maternal age); and
)

w

Temporal alignment between exposure and critical developmental windows.

For animal studies, we focused on studies conducted in mammals that used oral exposures (e.g., food,
water, oral gavage), as these exposures are the most relevant to typical human exposures. Study quality
in animal studies was evaluated based on several considerations, including but not limited to:

1) Study design and sample size;
2) Number of dose levels, such that a dose-response curve could be detected; and

3) Consideration of maternal toxicity.

Studies with poor quality were considered of limited utility for causal inference.

Results: We identified over 20 epidemiologic studies of cadmium and birth defects. Overall,
epidemiologic studies of birth defects reported inconsistent associations with cadmium exposure. In
addition, most studies had several limitations, such as cross-sectional study design, potential
confounding bias, and unreliable measures of cadmium exposure, which made reported associations
uncertain. With respect to animal studies, we identified over 23 studies of oral cadmium exposure in
mammals that evaluated potential malformations. Across these studies, exposure to cadmium
generally was not associated with an increased incidence of malformations even, in some cases, at levels
associated with maternal toxicity (e.g., maternal weight loss).
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Conclusions: Overall, integration of the evidence from studies in humans and experimental animals
does not support a causal association between oral cadmium exposure and teratogenicity. In general,
epidemiologic studies had several methodological limitations that should be addressed in future
research. Evidence from experimental animal studies supports the conclusion that human-relevant oral
exposures to cadmium do not result in teratogenic effects.
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