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Comprehensive metabolomics analysis of the association between

combined exposure to metals and phthalates with blood lipids
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Abstract ; Objective To investigate the overall association between co — exposure to metals and phthalates (PAEs) and blood
lipid indicators, as well as the role of metabolic disturbances and endogenous metabolites as mediators in this association.
Methods A total of 74 residents from Guangzhou (n =35) and Qingyuan (n =39) were randomly selected, and their urine
samples were analyzed for 15 metal elements and 9 PAE metabolites. Generalized linear models and generalized weighted
quantile sum (gWQS) regression models were used to assess the association between individual pollutants, combined exposure,
and blood lipid levels. Non — targeted metabolomics, meet — in — the — Middle ( MITM) approach, and mediation analysis were
performed to identify endogenous metabolites and metabolic pathways linking combined exposure with blood lipid changes, and
to explore the mediating effects of metabolites. Results The concentrations of seven metals, including arsenic and cadmium,
and four PAE metabolites, including mono — isobutyl phthalate (MiBP) , were significantly positively correlated with increased

total cholesterol (TC). The weighted quantile sum ( WQS) index, which represented the overall load of metal and PAE
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combined exposure, showed a dose — dependent relationship with TC increase. For each one — unit increase in the WQS index,

TC increased by 0.43 (95% CI. 0.05 - 0.82) mmol/L. Eight metabolites, including perilla acid, dehydroepiandrosterone,

octanoylcarnitine, arachidonic acid, estrone, kynurenine, glucose — 6 — phosphate, and ferulic acid, were significantly

associated with the WQS index and TC levels, and exhibited significant mediating effects, and the corresponding mediation
effects were 0.09 (95% CI: 0.02 -0.27),0.18 (95% CI: 0.04 -0.35) ,0.21 (95% CI: 0.02 —0.44) .0.12 (95% CI:
0.02 -0.24) .0.08 (95% CI; 0.02 -0.21) ,0.08 (95% CI: 0.01 -0.20) and 0.09 (95% CI: 0.01 —0.19) , respectively.

The biosynthesis pathway of steroid hormones was significantly enriched. Conclusion

The biosynthesis pathway of steroid

hormones and metabolites such as dehydroepiandrosterone and androstenone may mediate the overall association between

combined exposure to metals and PAEs and the increase in TC levels, providing the metabolic perspective for the overall effect

on blood lipids of co — exposure to metals and PAEs.
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Table 1 Basical characteristics of participants(n =74)
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BMI(Kg/m? ,x + ) 23.0+3.7 22.2£3.8 23.8£3.4 -1.976 0. 053
AR ,n(% ) ] 38(51.4) 14(40.0) 24(61.5) 3.425 0. 064
Y[ JE,n(% ) ] 30(40.5) 15(42.9) 15(38.5) 0. 148 0. 701
LT, n(% ) ] 0.409 0.815
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EHZEH,n(%)] 35(47.3) 13(37.1) 22(56.4) 2.747 0.097
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Table 2 Urinary pollutantsmedian( P,s, P,5) concentrations(ng/mL) and serum lipids levels( mmol/L) of participants

CITRN T N SO PRy =35) N =39 Whitney sess)
As 0.015 100 23.7(11.9, 41.8) 12.6(7.5, 28.4) 33.1(20.9,51.7) <0.001
Cd 0.004 100 0.7(0.2,1.9) 0.3(0.1,0.6) 1.6(0.8, 2.6) <0.001
Cr 0.021 99 0.4(0.3,0.8) 0.4(0.2,0.9) 0.5(0.3,0.8) 0.439
Ni 0.240 96 17.2(8.5, 30.6) 16.4(10.5, 27.6) 19.4(5.9, 41.4) 0.681
Pb 0.010 100 13.6(7.6, 20.5) 7.8(5.9, 13.5) 17.9(13.4, 28.8) <0.001
\ 0.016 100 3.3(2.3,5.4) 2.5(1.8,3.1) 4.3(3.2,6.2) <0.001
Mn 0.016 51 0.1(0.013, 1.5) 0.012(0.012, 0.8) 0.4(0.013, 2.1) 0.025
Fe 0.200 100 36.2(22.2, 61.0) 24.1(15.6, 32.6) 58.1(36.5,91.2) <0.001
Cu 0.050 100 19.5(13.5, 33.5) 17.1(10.7, 26.3) 20.8(15.8, 33.8) 0.090
Zn 0.046 100 463.3(236.2, 748.3) 299.2(178.6, 511.2) 564.9(381.6, 812.3) <0.001
Se 0.290 99 7.9(3.3, 13.3) 4.5(2.9,9.8) 11.5(5.8, 19.6) <0.001
Rb 0.038 100 1458.1(628.4,3034.7) 634.2(377.9, 1 118.2) 2 818.0(1789.8, 3788.5) <0.001
Sr 0.048 100 64.6(40.4,104.0) 45.3(26.5, 70.5) 84.3(63.5, 152.2) <0.001
Mo 0.004 100 35.3(17.9, 64.9) 22.1(13.1, 53.8) 51.2(33.1, 74.8) 0.001
Cs 0.022 100 6.4(2.6, 12.0) 2.6(1.8, 4.4) 11.6(7.4, 15.4) <0.001
MMP 0.180 100 8.5(4.8, 12.8) 6.4(4.0, 10.3) 10.1(5.5, 17.7) 0.011
MEP 0. 100 97 11.9(5.7, 30.5) 11.2(5.3,22.9) 12.7(6.6, 33.9) 0.449
MiBP 0.060 93 11.2(6.4, 21.9) 7.0(5.0, 13.8) 15.3(10.4, 32.7) <0.001
MnBP 0.620 99 17.8(10.4, 36.7) 11.3(7.9, 24.4) 25.2(16.8,53.1) <0.001
MBzP 0.050 89 0.5(0.3,0.7) 0.5(0.4,0.8) 0.4(0.2,0.7) 0.267
MEHP 0.720 100 15.3(12.3, 26.4) 14.2(10.8, 16.3) 21.3(13.9, 41.2) <0.001
OHMEHP  0.210 96 17.4(8.5,33.1) 8.5(6.2,15.1) 31.3(18.2, 62.6) <0.001
CxMEPP 0.020 100 0.8(0.3, 1.5) 0.4(0.2,0.6) 1.3(0.8,2.5) <0.001
OxoMEHP  0.050 99 6.6(4.0, 11.4) 4.3(2.4,6.5) 10.9(6.4, 21.3) <0.001
S mPAEs / / 114.3(69.7, 213.3) 71.4(59.8, 116.9) 190.4(105.1, 247.7) <0.001
TC / / 5.27(4.59,5.99) 4.80(4.19, 5.39) 5..61(5.14,6.29) <0.001
TG / / 1.06(0.71, 1.73) 0.78(0.64, 1.13) 1.27(0.83, 2.83) 0.001
HDL -C / / 1.24(1.04, 1.42) 1.23(1.07, 1.44) 1.24(1.00, 1.40) 0.306
LDL-C / / 2.97(2.53, 3.39) 2.98(2.54, 3.43) 2.96(2.45, 3.39) 0.395
2.3 $—FReFEME LG XK L FDRAK B CERT 060 4>, 7 623 4>) ;28 FDR #IE

1EJ5,As .Cd Fe Zn Se Rb il Cs R38N 1 MhRifi 2%,
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acid, AA) FNHERR ( Androsterone, Andr) ;2 Fh7A #L4
51 : RIRE R (Kynurenine , KYN) F1%j 4 itz 6 —
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Mri n 52 & B 8 X TC 7K P 1y S8 (TE) iy 0. 15
(95%CI; -0.01 ~0.33;P =0.064), 37 W2 F| PA
[0.09(95% CI:0.02 ~0.27)] . DHEA [0. 18 (95%
CI:0.04 ~ 0.35)]. AA [0.21 (95% CI: 0.02 ~
0.44) ] Andr [0.12(95% CI;0.02 ~0.24) ] . KYN
[0.08(95% CI.0.02 ~0.21) ] .G6P [0.08 (95% CI:
0.01 ~0.20) ] A1 IFA [0.09 (95% CI:0.01 ~0.19) ]

( Dehydroepiandrosterone ,
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Fig.1 Generalized linear models of urinary concentrations of metals and phthalate metabolites with serum lipid levels
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