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Abstract: Objective To investigate the relationship between serum perfluorinated and polyfluoroalkyl substances (PFAS)
exposure and metabolic abnormalities in overweight and obese children and adolescents. Methods This study was a cross—
sectional design. The study subjects were overweight and obese children and adolescents aged 5—17 years who visited the
Department of Child Health Care at the Children’s Hospital Affiliated to Nanjing Medical University from July to October
2022. Logistic regression analysis was used to investigate the association between PFAS exposure and high blood glucose,
high triglyceride, high cholesterol, low high —density lipoprotein, hypertension, high uric acid, insulin resistance and =2
cardiometabolic abnormalities in overweight and obese children and adolescents. Bayesian kernel machine regression and
quantile g—computation were used to analyze the relationship between mixed exposure to PFAS and the risk of metabolic
abnormalities in overweight and obese children. Results Among the 220 overweight and obese children, 166 were male
(75.5%), with an age of 10.7 (8.8, 12.3) years. A total of 131 children (59.1%) had =2 cardiometabolic abnormalities. The
levels of PFHxA and PFNA were positively correlated with the risk of hypertriglyceridemia in overweight and obese children
(ORp=1.670, 95% CI: 1.005-2.776; ORpns=1.415, 95% CI: 1.062-1.883). The concentration of PFHpA was positively
correlated with the risk of hypertension (OR=1.980, 95% CI: 1.269-3.087). Four serum PFAS concentrations were positively

correlated with the risk of insulin resistance. Serum PFHpA and PFNA concentrations were positively correlated with the risk
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of =2 cardiometabolic abnormalities (ORpmn=1.716, 95% CI: 1.155-2.551; ORpny=1.324, 95% CI: 1.003 -1.749). In

overweight and obese children, the mixed exposure to PFAS was positively correlated with the risk of hyperglycemia, insulin

resistance, hypertension, hypertriglyceridemia, and =2 cardiometabolic abnormalities, with PFHpA having the largest weight.

Conclusion Exposure to serum PFAS could increase the risk of abnormal glucose and lipid metabolism, hypertension and =

2 obesity—related metabolic abnormalities in overweight and obese children and adolescents.

Keywords: PFAS; Obesity; Children; Mixed exposure; Metabolic abnormalities
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Table 1 Baseline characteristics of overweight and obese children

and adolescents in the included study [ =220, M (Pss, Pys), n (%) ]

FHIE WS geititiik
AR (%) 10.7(8.8, 12.3)
51 5 166(75.5)
U 54(24.5)
BMI (kg/m?) 25.4(21.7,28.2)
BMI-Z 2.6(2.0,3.1)
N E (%) 34.6(29.0, 39.8)

A2 3% BMI (kg/m?)
EJ:3E BMI (kg/m?)

26.3(24.5, 27.8)
23.5(21.5,28.2)

AL mh LT 62(28.2)
K& 54(24.5)
KNSy AV 104(47.3)
bR [SLdYaN 64(29.1)
K 59(26.8)
AR 97(44.1)
F AL (F) 0 31(14.1)
1 44(20.0)
2 52(23.6)
=3 93(42.3)
MR 5= BEFLIRSR 105(47.8)
AT 37(16.8)
AT 78(35.5)
R 55 T I 14(6.4)
1o H = g 52(23.6)
e I 18(8.2)
{ik HDL-C 21(9.5)
L 61(27.7)
I RIR 120(54.5)
JE R T 148(67.3)

=2 Fue AR 131(59.1)
T FW S ARG AR LAY JCAR I R L | 7 IR R R |
PR S 450 5
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i (P<0.05); HEE / AEREJLE I PFBA PFHxXA |
PFHpA Fl1 PFOS 55 & Z HEHT Y & A AU 52 TEAH G
(P<0.05); M ILVE PFHpA 1 PENA ¥ FZ Tt i ] {45
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Table 2 Regression analysis of individual PFAS exposure and metabolic abnormalities in overweight and obese children

PFAS 1= L e Hh =R o L] 2 it HDL-C
OR(95%CI) PAY OR(95%CI) P OR(95%CI) P OR(95%CI) PAY
PFBA 1.049(0.416 ~2.646) 0919  0.838(0.485~1.447) 0526  0.449(0.195 ~ 1.036)  0.060  1.212(0.562 ~2.616)  0.624
PFPeA 0.677(0322~1.427) 0306  0.767(0.498 ~1.182) 0229  0.614(0.324~1.163)  0.134  0.621(0.344 ~ 1.121)  0.114
PFHxA 144100617 ~3367) 0399  1.670(1.005~2.776)  0.048  0.817(0.442 ~1.507) 0517  0.812(0.463 ~ 1.422)  0.465
PFHpA 1.582(0.718 ~3.487) 0255  L117(0.759 ~ 1.643)  0.574  0.7450.423 ~ 1.311) 0307  1.009(0.592 ~ 1.718)  0.974
PFOA 1.6150.975~2.677)  0.063  1.13800.951~1.363) 0.159  1.723(1.129 ~2.629)  0.012  0.982(0.768 ~ 1.254)  0.882
PFNA 1.599(0.986 ~2.594)  0.057  1.415(1.062~1.883)  0.018  1.504(0.973 ~2.324)  0.066  1.171(0.798 ~ 1.719)  0.419
PFOS 0.895(0.653 ~1.226) 0490  1.113(0.880~1.408) 0373  0.888(0.657~1.202) 0443  1212(0.562 ~2.616)  0.624
(2:3%)
PFAS R Il R i AL =2 Fue M A G
OR(95%CI) Py OR(95%CI) PA OR(95%CI) PAY OR(95%CI) P
PFBA 0.816(0.491 ~1.356) 0431  0.6950.424~1.140)  0.149  2.317(1.298 ~4.137)  0.004  1.097(0.641 ~ 1.877)  0.736
PFPeA 0.982(0.652 ~1.478) 0931  0.830(0.565~1219) 0342  1.441(0.941 ~2.204) 0.093  1.106(0.716 ~ 1.708)  0.649
PFHxA 0.827(0.560 ~1.221) 0340  1.100(0.747 ~1.622)  0.629  1.887(1.230~2.893)  0.004  1.476(0.945 ~2.305)  0.087
PFHpA 1.980(1.269 ~3.087)  0.003  1.029(0.749 ~ 1.412)  0.862  1.724(1.188 ~2.501)  0.004  1.716(1.155~2.551)  0.008
PFOA 0.980(0.842 ~ 1.140) 0790  1.007(0.874 ~1.160)  0.926  1.14900.980 ~ 1.348)  0.087  1.075(0.913 ~ 1.266)  0.384
PFNA 1.302(0.997 ~ 1.700)  0.053  1.072(0.846 ~ 1.358)  0.565  1.263(0.963 ~ 1.657)  0.091  1.324(1.003 ~ 1.749)  0.047
PFOS 0.9750.791 ~1.202)  0.810  1.0150.840~1.226) 0.880 1.243(1.012~1.527) 0.038  1.116(0.900 ~ 1.384)  0.317

VE AR AR ) BMIACEEHCE AR ACEE BMILZE S AR 2 TR R

2.4 #E /JEREILERA PFAS B E LB KB F w0
% &

2.4.1 BKMR {RA A #F—2 % BKMR £
UMK R TR /BB L 28 PFAS TR 2 8 KT 518 i
S Z BB SR R . WE 1A B.E.G.H iR,
TR /EREILE R, PRAS IR-& 25 5 & b 5
H =R U R S R AR A T =2 Ao A
ARG H XU 5 IEAH 98 (P<0.05) 5 K & B PFAS iR

GRS E L & A m A E R K HDL-C.
T RER I XS B2 o

2.4.2 QGCIRAZEBHA  QGC Ml BKMR 7 4k
REN—8 SR BRI A 25 PFAS S5 / LRk
JLEE A e A e IR e 5 R AR S I =2 Rt
AR 5 RURS: 22 TEAH G (P<<0.05) o AN[AIAY PFAS
FEABTE / AR L ZE 0 A ZE 0L AR Hh S 3 TR A Y
RV, WA 3.

3 QGC BIAIFEHR & / UL #E PFAS 1R A 268 55 1R

Table 3 QGC model analysis of the association between PFAS mixture exposure and metabolic abnormalities in overweight and obese

children
R OR(95%CI) PfH  KGEJj MW PFBA PFPeA  PFHxA  PFHpA  PFOA  PFNA  PFOS
ik 5.686(1.162 ~27.818)  0.032 iE 2.110 0.351 0.171 0.287 0.191
il -0367 0818 0.103 0.079
EHIERE 15930774 ~3.279)  0.206 iE 1210 0.345 0.009 0.059 0.240 0.347
il -0.742 0476 0.524
e A [ 1.051(0.326 ~3.392)  0.934 iE 1.090 0.049 0.578 0.294 0.079
il -1.04 0.335 0.269 0.396
fit HDL-C 0.858(0.325~2.267)  0.758 iE 0552  0.6l11 0.290 0.100
il -0.705 0.664 0.192 0.089 0.056
R IR 2.692(1.276 ~5.678)  0.009 iE 1270  0.037 0.439 0.097 0.241 0.188
il -0.281 0.122 0.878
R RR 1.021(0.546 ~ 1.910)  0.949 iE 0.282 0.152 0.212 0.637
il -0261  0.384 0.209 0.309 0.099
RS ZARIT 5.276(2.380 ~ 11.695) < 0.001 1k 1.660  0.230 0.062 0.011 0.350 0.068 0.198 0.081
il 0
=2 i
o 3.091(1.464 ~ 6.525)  0.003 iE 1240 0.115 0.004 0.007 0.431 0.332 0.112
TR
il -0.110 1
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Figure 1 BKMR model analysis of the association between PFAS mixture exposure and metabolic abnormalities in overweight and obese

children
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=AU . PFAS 285 0 el 11 745 PPAR« i
BEUSEOE T P — AR — B BR A, £ 2E B B
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AR, X S5 BRI R B — 3. Pan 55 A2 — 0
meta 73 M & BT PFNA (PFOA 55 5 5 il e XU 5
IEAHZE ; Averina ZFPHILIIESE PFAS Y 5 204 i 1.
FERUSS: B OQHK o I IR FE R W, PRAS AT 53 54k
Tt A 8 L AT 2 A AH A P B B 5 T i -
Al - HURBR BT AE , T G 7K ST, B4 i 8 RG
B 5 A1 ] A BE T, B 26975 2 e I 2+,

ARWFIE R, B— J iR PRAS 228534 ] REHE i
I/ RE R LE A B R HBUAES:, Hih PRHpA 763
AR FEH . BAATTH meta 4397 /R PFAS
Z %5 JLEE HOMA-IR 7K 2 G AHCH, H Fassler 5%
NP — TG 58 4 8 75 B I %1 PFOA 25 5% 7] g
5 BMI J B 5 TR IEAHC . ARWFFE FIBFFE XS 52
TEAECT A S0 A4 3 e 5 R R I BT, T e T 45
HERYE , T RAEA I & B W T e it — 2
5T, 76 JLEEARREIRA T , PFAS 255 50 i g 15 ik
PU )RR B s ZEAIL 1 ] BB SR T YL PFAS 1]
B RARPN I E AL, 580 A i 58 BB, b5
By AP B A,

JLEE O AT 32 58 L TR, Hik= iy
SRR R LB, Lo 1l A 1) IR 2 o BB T
NEREZ R M2 585 200 PRI, A 50K HE /AR
B IF =2 Bt A A 5 R O i A5 XU A
LR LR / B L R — IR A PFAS 255
5z Fuo i AR w e, EA RN,
AN[F) PFAS ZE 5 75 B — R A 7% 5 A v () R X 5
BRAEAFTE 22 5% . X AT HER T PFAS /A —283R35 1L
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B AERA IR Y Z W] n] REFEAE P Rl sl dti bt
RAO -, A 2 g B R 5 0 Bh ) S g i —
AR

QGC FEAIAL BE I Ak TR G 2 55 1) AR LN 7t
JE BT T 4415 I STERA EE S A E 7 ). AR
5% QGC BRI Z5 v, BRIES RAPLLS = T
PFAS B8 1 [0 TTER AL, HAR Qi 5 45 )R PFBA |
PFPeA \PFHxA .PFOA 254 /0 B ) vk, (HIRG
TR VAN AT R IEAR G . XN TETR & R R A1
T ANIE] PFAS 45 (8] T feidad 5B = A= 2 24 1
BEFRAARIUN , e 2 R BURMARRL N H R 5 45 41 U 58
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