A 16-Pollutant Fingerprint Predicts Diabetes Risk via Endocrine Disruption: NHANES 2015–2016


Aim/s: To identify a data-driven pollutant fingerprint associated with endocrine disruption and diabetes-related metabolic dysfunction in a nationally representative population.

Methods: We analyzed 2,368 participants (aged 0–80 years) from the NHANES 2015–2016 cycle. Eighty-nine persistent organic pollutants (POPs) and serum levels of estradiol (E2), total testosterone (TT), and sex hormone-binding globulin (SHBG) were measured. Low TT and elevated SHBG are established predictors of insulin resistance and incident diabetes. After lipid adjustment and log-transformation, pollutants were screened for associations with metabolic risk factors and correlated with hormones (|r| ≥ 0.15). LASSO-penalized regression with 10-fold cross-validation derived a pollutant signature. Logistic regression examined associations between the fingerprint and obesity (BMI ≥30), a key diabetes risk factor.

Results: Fifty-five POPs were significantly associated with metabolic dysfunction. E2 and TT were inversely correlated with most pollutants, while SHBG showed positive correlations—patterns linked to insulin resistance and diabetes risk. LASSO selected 16 pollutants (PCB-209, PCB-170, n-PFOS, PFHxS, trans-nonachlor), forming a risk score with excellent discrimination (AUC=0.88). Higher scores correlated with lower TT (r=–0.32) and higher SHBG (r=0.29), hormonal profiles consistently associated with diabetes development. Among 765 obese participants (diabetes-prone phenotype), several high-chlorinated PCBs showed inverse associations with obesity (OR 0.20–0.96), suggesting adipose sequestration of lipophilic pollutants with concurrent endocrine disruption and lower TT/SHBG ratios.

Conclusion: A 16-pollutant fingerprint predicts metabolic dysfunction through endocrine-disrupting pathways involving reduced testosterone and elevated SHBG—key mediators of insulin resistance and diabetes risk. These findings support targeted reduction of legacy and emerging POPs as a novel diabetes prevention strategy.
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