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A prospective cohort study of association between maternal metal exposure during early pregnancy and
physical development in offspring at ages 1 and 3
ZHANG Xiao, JIANG Yanggian, PANG Liya, DU Jiangbo, LIN Yuan, MA Hongxia
State Key Laboratory of Reproductive Medicine and Offspring Health, Nanjing Medical University, Narjing 211166,
Jiangsu Province, China

[ Abstract] Objective To analyze the impact of maternal metal exposure during early pregnancy on the physical development of
offspring at 1 and 3 years of age, so as to provide scientific evidence for reducing the adverse effects of heavy metals on their health.
Methods From 2024 to 2018, a total of 1 588 mother-child pairs from the Jiangsu Birth Cohort (JBC) were included in this stud-
y. Multiple linear regression models, generalized estimating equations (GEE) , and weighted quantile sum (WQS) regression mod-
els were used to assess the associations between 24 urinary metal mass concentrations (adjusted for specific gravity, SG) during
early pregnancy and offspring growth outcomes, including length/height-for-age Z-score (HAZ) , weight-for-age Z-score ( WAZ) ,
weight-for-length/height Z-score( WHZ) , and head circumference-for-age Z-score( HCAZ) at 1 and 3 years of age. Results  After
adjusting for confounders, GEE analysis revealed that each natural log-unit increase in maternal urinary concentrations of vanadium,
tin, cerium, lead, and uranium during early pregnancy was associated with an average reduction in HCAZ by 14.29%, 4.82%,
2.62%, 5.04%, and 8.33%, respectively, at 1 and 3 years of age (FDR-P<0.05). Multiple linear regression analysis revealed
that increased urinary vanadium concentration was associated with reduced HAZ at 1 year of age, while increased urinary concentra-
tions of vanadium, chromium, tin, antimony, and uranium were associated with reduced HCAZ at 1 year of age (FDR-P<0.05).
In the WQS regression model, each unit increase in the WQS index was associated with a 22.64% reduction in HCAZ at 1 year of
age, with tin (22.2%) contributing the highest weight, followed by uranium (16.2%) , lead (11.5%) , vanadium ( 10.0% ) , arse-
nic (6.5%) , and chromium (5.0% ). Conclusions Prenatal exposure to specific metals and their mixtures may significantly im-
pact the physical development of offspring at 1 and 3 years of age, particularly head circumference. These findings highlight the
need to enhance monitoring of maternal metal exposure during early pregnancy to reduce the potential health risks posed by environ-
mental metal pollution to infants and young children.
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1.78) kg, - 241 3k Fl 43 1 2Ky (45.93+1.42) F1(49.46 +
1.42)em, F8 1 F1 3 ZEAAEIRS B B/ B & Z 3F
353149 (0.58+1.06) F1(0.54+0.96) , 4E I Bl 1A 2
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R SRR AR A SRR 2 PR LG T A TE 1Y
B AR E MG [ M(Pys, Pis) ]
Table 1 The detection rates and mass concentration distributions

of maternal SG-corrected urinary metal concentrations
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il 0.017 3 100.0 26.90(18.72,41.56)

i 0.006 7 99.7 20.74(5.07,57.91)

5 0.000 2 100.0 0.57(0.37,0.96)

fili 0.000 3 99.7 0.19(0.02,0.64)
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i 0.035 0 99.9 17.6(13.51,22.59)
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W EERRRE N 1 A B SR XECRAL, X 1 2 B HCAZ 43
WIREAR 18.73% (95%CI=-26.07% ~ -10.66% ) .6.28%
(95% CI = =10.98% ~ — 1.34%) . 5.29% (95% CI =
-9.58% ~ —0.81%) . 10.26% (95% CI = — 18. 62% ~
-1.05%) 7.41%(95%CI=-13.97% ~-0.35%) .8.11%
(95% CI = —11.89% ~ —4.16%) .9.74% (95% CI =
~15.18% ~ -3.95%) . 5. 01% (95% CI = - 9. 13% ~
~0.71% ) #18.74% (95% CI=~13.36% ~ —3.86% ) ; IRl
FgH AR BE AR 1 0 1 A4S B AR B Ay, T8 3
B} HCAZ 43 5 AR 3.19% (95% CI = - 5.70% ~
-0.62% ) F16.52% (95%CI=—12.22% ~—-0.45%) ( P {ti
11<0.05) , Z3d FDR BIE )5 , B35 R H AU AR R
WS T 1 S HF HAZ [0S LL K PR 4% 8 B AN
il AR B 5 R 1 B HCAZ ) e B-AT A Se it
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Hh(16.2%) H(11.5%) A1(10.0%) T (6.5%) Fl%%
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Figure 1 Associations between mixed metal mixtures and HCAZ

at 1 year based on WQS model, and corresponding metal weights
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