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Abstract:  Objective To investigate the potential causal relationships between major ambient air pollutants and
common neurodevelopmental disorders (NDDs), so as to explore the role of environmental exposure in the pathogenesis of
NDDs from a genetic perspective. Methods A two-sample Mendelian randomization(MR) design was adopted, drawing
on large-scale genome-wide association study (GWAS) summary data from individuals of European ancestry. Five common
air pollutants (PM, 5 .PM, 5., PM;;, NO;, NOx) served as exposures and three major NDDs including autism spectrum
disorder ( ASD), attention-deficit/hyperactivity disorder ( ADHD) and Tourette syndrome (TS) were considered as
outcomes. The inverse-variance weighted (IVW) method was employed as the primary analytical approach, complemented
by weighted median, MR-Egger regression, simple mode, and weighted mode estimators to ensure robustness. Sensitivity
analysis included heterogeneity testing (Cochran’s Q), horizontal pleiotropy assessment ( MR-Egger intercept), MR-
PRESSO analysis (global test, outlier detection, and distortion test) , and leave-one-out analysis to evaluate the stability and
reliability of the causal estimates. Results The MR analysis showed that exposure to PM, ; (OR=2.63, 95%CI: 1.73 -
4.01, P<<0.01), NO,(OR=1.56, 95%CI:1.13 - 2. 16, P<C0.01) and NO,(OR=1.69, 95%CI: 1. 23 - 2. 34, P<C0.01)

was significantly associated with an increased risk of ADHD, and these associations remained consistent across multiple
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complementary analytical methods. No significant causal effects were observed for PM; 51, or PM;,on ADHD, nor for any

air pollutants on ASD or TS (P>>0. 05). Sensitivity analysis indicated no evidence of directional pleiotropy based on the MR-

Egger intercepts, and the robustness of the causl estimate was further supported by leave-one-out analysis. While some

heterogeneity and potential outlier SNPs were detected, MR-PRESSO distortion tests showed no significant bias in causal

estimates (P>>0. 05), reinforcing the robustness of the original findings.

Conclusion Air pollutants PM; 5 , NO, and NOx

are confirmed as environmental risk factors contributing to the development of ADHD, indicating the critical public health

importance of enhancing air pollution control measures for the prevention and intervention of NDDs.
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Fig. 2 Forest plot of MR analysis results for associations between air pollutants and NDDs
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