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Abstract: Objective To investigate the associations between single and mixed exposure to per — and polyfluoroalkyl
substances (PFAS) and the metabolic score for insulin resistance (METS-IR), and to explore the modifying effects of sex, age,
and body mass index (BMI). Methods Data on serum concentrations of perfluorooctanoic acid (PFOA), perfluorooctane
sulfonic acid (PFOS), perfluorohexane sulfonic acid (PFHxS), perfluorononanoic acid (PFNA), perfluorodecanoic acid (PFDA),
and METS-IR were obtained from 2 345 participants aged 20—80 years in the National Health and Nutrition Examination
Survey (NHANES) 2013—2018. We employed weighted linear regression and restricted cubic splines to examine linear and
nonlinear associations of single PFAS exposure with METS-IR. The joint effects and key driver components of PFAS mixtures
were assessed using weighted quantile sum regression, quantile g—computation, and Bayesian kernel machine regression.
Subgroup analyses were conducted to assess potential effect modification by sex, age, and BMI. Results All five PFAS were
inversely associated with METS-IR, with PFHxS exhibiting a nonlinear relationship with METS=IR  (¢mina=0.021). A higher
mixed PFAS exposure index was inversely associated with METS-IR (8 ~ =-0.329, 95% CI: -0.583~-0.08, P=0.001), with
PFDA being the primary driver (w=0.625). The mixture effect was significant in males, the elderly, and individuals with
obesity (all ¢ <0.05). Conclusions PFAS exposure is inversely associated with METS IR, with PFDA being the key
component driving the joint effect. Future prospective cohort studies are needed to validate these findings and elucidate the
underlying mechanisms.

Keywords: Endocrine disrupting chemicals; Per— and polyfluoroalkyl substances; METS -IR; Bayesian kernel machine
regression; NHANES
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Table 1 Basic characteristics of the study population
FHE etk FFAE gttt
AR (ng/ml) 1.7(1.1,2.6) (L) 51.0(36.0, 65.0)
PFOS(ng/ml) 5.4(3.0,9.3) BMI(kg/m?) 28.2(24.3,33.5)
PFHxS(ng/ml) 13(0.7,2.2) eGFR[ml/(min+1.73m?) ] 96.8(81.2,110.2)
AT (ng/ml) 0.6(0.4,0.9) PIR 2.1(1.1,4.1)
S HZER (ng/ml) 0.2(0.1,0.3) P51
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Figure 1 Spearman rank correlation heatmaps among exposure

variables
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Table 2 Results of weighted linear regression analysis of PFAS and METS-IR

R Model 1 Model 2 Model 3
A B
B (95%CI) PH g i B~ (95%CI) PAH g i B (95%CI) PH g i
P —2.495 —0.687 —0.433
s ea <0.001 <0.001 <0.001 0.001 0.019  0.019
(-3.780 ~-1.211) (-1.056 ~-0.318) (-0.791 ~ -0.075)
—1.434 -0.495 -0.417
PFOS 0.014 0.018 0.008  0.008 0.014 0.018
(-2.562 ~ -0.305) (-0.850 ~ -0.140) (-0.744 ~ -0.09)
-1.301 —0.609 -0.396
PFHxS 0.039 0.039 0.001 0.002 0.011  0.018
(-2.535 ~ -0.066) (-0.959 ~ -0.258) (-0.695 ~ -0.096)
P -1.708 —0.446 -0.352
EXTER 0.003 0.004 0.0033  0.0041 0.0145  0.018
(-2.781 ~ -0.635) (-0.734 ~ -0.158) (-0.629 ~ -0.075)
P -2.955 —0.643 -0.588
LR <0.001 <0.001 <0.001 <0.001 <0.001  0.004
(-4.039 ~-1.87) (-0.945 ~ -0.342) (=0.905 ~ -0.271)
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Figure 2 Analysis results of restricted cubic splines
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Table 3 Subgroup analysis of the association between PFAS mixed exposure and METS-IR

215 FEA B~ (95%CI) PiE qfd P el q sl
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HAEN 854 -0.571 (<0.875 ~ —0.268) <0.001 0.002
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