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Abstract: To evaluate the association and combined effects of perfluoroalkyl and polyfluoroalkyl substances (PFAS) and mixtures on
hyperuricemia (HUA) and identify key components, this study analyzed data from 2,564 subjects in the National Health and
Nutrition Examination Survey (NHANES) from 2013 to 2016 using logistic regression, weighted quantile sum regression, and
Bayesian kernel machine regression. Higher levels of perfluorononanoic acid (PFNA), n-perfluorooctane sulfonic acid (n-PFOA),
and perfluoromethylheptane sulfonic acid isomers (Sm-PFOS) were positively associated with HUA when PFAS was exposed as a
single source (P<0.05). When considered as mixture exposure, PFAS mixtures were positively associated with HUA overall, with a
39.6% increase in the risk of HUA for each quartile increase in PFAS mixtures (WQS index) (OR=1.396,95%CI: 1.180~1.651,
P<0.001), and this association was only observed in the female population. n-PFOA and Sm-PFOS were identified as key
components, while linear perfluorooctane sulfonic acid (n-PFOS) and perfluorohexane sulfonic acid (PFHxS) may be negatively
associated with HUA in the mixture. Potential interactions between various PFAS were also observed. The research findings can
provide the latest epidemiological evidence for the study of the association between PFAS exposure and the risk of hyperuricemia,
offering a basis for screening key populations.
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Fig.1 Flow chart of the selection of eligible participants
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Table 1 Characteristics of the study participants

Mk dEHUA % HUA &3
A FEAE

(n=2564)  (n=2120) (n=444)
LR/ (X +5) 46.2017.2145.29417.07 50.5417.22 <0.001
5, Wik 1230(48.0)  980(46.2)  250(56.3) 0,001
n(%) gk 1334(52.0) 1140(53.8)  194(43.7) )
o ARPEF R A
i/ 960(37.4)  780(36.8)  180(40.5)
[,
N et
(%) A 576(22.5)  461(21.7)  115(25.9) 0.011
S af R A
N 396(15.4)  345(16.3)  51(11.5)

e |

WH R EBR(r=2564) IFHUA B4 HUA e P
(n=2120) (n=444)
FAthFp 632(24.6) 534(25.2) 98(22.1)

WBIRE  <25.00 753(29.4) 690(32.5) 63(14.2) 0,001
BMI, 25.00-29.99 807(31.5) 693(32.7) 114(25.7)
n%)  >30.00  1004(39.2)  737(34.8) 267(60.1)
ZHE mPLT 55421.6) 467(22.0) 87(19.6)

TR, mEEE 593(23.1) 471(22.2) 122(27.5)  0.052
n(%) LR 1417(55.3) 1182(55.8)  235(52.9)

KUK fﬁiiéc)\ 907(35.4) 747(35.2) 160(36.0)
%) HERIRN 796(31.0) 651(30.7) 145(32.7)  0.511
HIN 861(33.6) 722(34.1) 139(31.3)

T 1673(65.2)  1364(64.3)  309(69.6)
&35 150min 0039
%) KT

) 891(34.8) 756(35.7) 135(30.4)
150min
MiFa <1.00 1792(69.9)  1486(70.1)  306(68.9)
BT 1.00~9.90  103(4.0) 82(3.9) 21(4.7) 0682
(ng/mL), >10.00  669(26.1) 552(26.0) 117(26.4)
n(%)

NRWH 647(25.2) 545(25.7) 102(23.0)
/STIEIN 1&?!@ 1711(66.7)  1423(67.1) 288(64.8)  0.002
%) /elES

Gy ¢l

= 206(8.0) 152(7.2) 54(12.2)
ey EW 2172(84.7)  1862(87.8) 310(69.8) 0,001
Win(%) R 392(15.3) 258(12.2) 134(30.2)
e I 1B 1540(60.1)  1355(63.9) 185(41.7) 0,001
Tn(%) 1024(39.9)  765(36.1) 259(58.3)
MmAES  EH 1897(74.0)  1621(76.5)  276(62.2) 0,001
Woa(%) 667(26.0) 499(23.5) 168(37.8)
Wi,  IEH 1868(72.9)  1606(75.8) 262(59.0) “0.001
n(%) i 696(27.1) 514(24.2) 182(41.0)

PFDA  0.20(0.07,0.30)0.20(0.07,0.30)0.20(0.07,0.30) 0.591
PFAS  PFHxS 1.30(0.70,2.30)1.30(0.70,2.20) 1.50(0.80,2.40) 0.001
(ng/mL), PFNA  0.60(0.40,1.00)0.60(0.40,1.00)0.80(0.50,1.10) <0.001
M(Pss, n-PFOA 1.70(1.10,2.60)1.60(1.00,2.50)2.00(1.30,2.90) <0.001
P;s)  n-PFOS 3.50(2.10,6.10)3.40(2.00,6.00)3.90(2.40,6.73) 0.001
Sm-PFOS 1.50(0.80,2.70) 1.40(0.70,2.60) 1.90(1.10,3.20) <0.001
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PFDA W B 22 7 o 4e vl 55 L (P>0.05).6 7l PFAS 2
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Table 2 Association between single PFAS and HUA

PFAS o Model 1 Model 2
OR(95%CI) P OR(95%CI) P

Ql Reference Reference
Q2 0.842(0.653~1.088) 0.185 0.960(0.731~1.266) 0.773
PFDA Q3 0.907(0.635~1.280) 0.583 0.903(0.614~1.315) 0.597
Q4  1.157(0.856~1.560) 0.341 1.208(0.859~1.695) 0.276
P for trend 0.289 0.352

Q1 Reference Reference
Q2 1.155(0.843~1.581) 0.368 1.159(0.824~1.629) 0.397
PFHxS Q3 1.506(1.132~2.011) 0.005 1.342(0.964~1.872) 0.082
Q4 1.462(1.095~1.958) 0.010 1.145(0.809~1.621) 0.446
P for trend 0.003 0.388

Ql Reference Reference
Q2 1.035(0.757~1.412) 0.829 1.068(0.764~1.489) 0.701
PFNA Q3 1.347(1.016~1.789) 0.039 1.303(0.958~1.775) 0.092
Q4 1.635(1.230~2.178)<0.0011.511(1.091~2.097) 0.013
P for trend <0.001 0.007

Q1 Reference Reference
Q2 1.054(0.761~1.462) 0.751 1.168(0.821~1.662) 0.388
n-PFOA Q3 1.525(1.130~2.068) 0.006 1.692(1.205~2.386) 0.003
Q4 2.003(1.497~2.695)<0.0012.084(1.479~2.953)<0.001
P for trend <0.001 <0.001

Ql Reference Reference
PFOS Q2 1.156(0.843~1.591) 0.370 1.262(0.897~1.780) 0.183
Q3 1.499(1.108~2.038) 0.009 1.540(1.098~2.170) 0.013
Q4 1.562(1.157~2.121) 0.004 1.260(0.885~1.799) 0.202
P for trend <0.001 0.165

Q1 Reference Reference
Sm- Q2 1.374(0.979~1.935) 0.067 1.573(1.092~2.277) 0.016
PFOS Q3 2.170(1.584~2.999)<0.0012.298(1.602~3.320)<0.001

Q4 2.430(1.787~3.336)<0.0012.110(1.441~3.112)<0.001
P for trend <0.001 <0.001
7::Model 1: 424 Model 2: 84 T4EE . PR3, k. BMIL 25 .
WK LIS TR e RS ARG S s s B R

1 g 5 R R
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Fig.2 Association of PFAS mixtures with HUA and their weights in the WQS model
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Fig.3 Association between PFAS mixtures and HUA in the BKMR model
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Fig.4 Association between PFAS mixtures and HUA by gender
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