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An Epidemiologic Evaluation of Inorganic Arsenic Exposure and
Teratogenic Effects

Kyle J. Colonna; Ph.D., M.P.H.; Steven R. Boomhower, Ph.D.

Background and Purpose: Inorganic arsenic is considered a developmental toxicant but its potential
for teratogenicity in humans remains uncertain. In its 2024 review, the European Food Safety Authority
(EFSA) stated that maternal exposure to inorganic arsenic is associated with congenital heart defects.
In contrast, the US Environmental Protection Agency (US EPA) determined that the available evidence
was insufficient to support dose-response analyses for teratogenic outcomes in its 2025 Integrated Risk
Information System (IRIS) toxicological review of inorganic arsenic. This divergence in scientific
interpretation underscores the importance of critically evaluating the evidence base on inorganic
arsenic exposure and potential human teratogenicity. The present work describes a review and quality
assessment of epidemiologic studies to determine whether inorganic arsenic exposure during
pregnancy is causally linked to teratogenic outcomes in humans.

Methods: We conducted a targeted review, drawing on major agency assessments (ATSDR, 2007, 2016;
EFSA, 2024; US EPA, 2025) and an independent search of the peer-reviewed literature on epidemiologic
studies of maternal inorganic arsenic exposure and birth defects. Literature searches were conducted
in PubMed and Scopus using combinations of terms related to inorganic arsenic, pregnancy, and birth
defects. After summarizing results for each identified study, all studies were evaluated for
methodological quality based on:

—_

Study design and sample size;

)
2) Exposure assessment methods;
3) Outcome ascertainment methods;
4) Consideration and control of potential confounders (e.g., folate status, alcohol use, maternal

age); and

5) Temporal alignment between exposure and critical developmental windows.

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

Results: We identified over 14 epidemiology studies of inorganic arsenic exposure and birth defects.
Epidemiologic studies generally reported inconsistent associations between inorganic arsenic exposure
and endpoints, including neural tube defects, orofacial clefts, spina bifida, congenital heart disease, and
"any" birth defects. Several studies reported null findings, while others suggested inconsistent
exposure-response associations.  Across the studies, common limitations included exposure
misclassification (e.g., biomarker measurements post-diagnosis, reliance on total arsenic rather than
speciated inorganic arsenic), small sample sizes, and inadequate adjustment for key confounders (e.g.,
folate, alcohol intake). Notably, studies cited by EFSA (e.g., Richter et al., 2022; Rudnai et al., 2014) that
suggested associations with congenital heart anomalies contained several limitations (e.g., exposure
assessment and covariate control), undermining their interpretability.
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Conclusions: The current body of evidence does not provide reliable or consistent evidence for a causal
association between inorganic arsenic exposure and teratogenic effects in humans. Methodological
limitations — particularly in the form of small sample sizes, exposure misclassification, and inadequate
adjustment for key confounders - introduced uncertainty into reported associations from individual
studies. Future research on inorganic arsenic exposure and teratogenicity should strive to address the
study limitations discussed above to better inform agency hazard assessments
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