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Prenatal thallium exposure and fetal growth: A prospective birth cohort study WANG Hang®,
ZHOU Yuhan®, WANG Pengpeng?, SHI Huijing®, ZHANG Yunhui® (a.Department of Environment
Health b.Department of Maternal, Child and Adolescent Health, School of Public Health, Fudan
University, Shanghai 200032, China)

Abstract:

[Background] Epidemiological studies have revealed that prenatal thallium exposure can lead to
adverse birth outcomes.

[Objective] This study is designed to explore the effects of prenatal thallium exposure on fetal growth
and birth outcomes, and assess the critical window period for the health effects of thallium exposure.

[Methods] A total of 146 pregnant women and their children participated in this study, who
were recruited to the Shanghai Maternal-Child Pairs Cohort (MCPC). Information of demographic
characteristics and mother and child health was collected by self-designed questionnaires.
Inductively coupled plasma mass spectrometry (ICP-MS) was used to detect the concentration
of thallium in maternal blood in different gestational periods and cord blood of newborns. A
mixed-effect model was used to explore the effect of thallium exposure during pregnancy on
fetal growth and development (such as double top diameter, head circumference, abdominal
circumference, femur length, and humerus length), and a linear regression model was further
used to explore the critical window period for the health effects of thallium exposure.

[Results] The positive rate of thallium in blood samples was more than 99.0%. The median (P.s, P7s)
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values of thallium in maternal blood were 38.7 (32.3, 50.1), 44.3 (34.3, 56.7), and 45.0 (34.9, 54.6) ng-L™ in the first, second, and third
trimesters of pregnancy, respectively. The thallium concentrations in maternal blood during whole pregnancy were 42.7 (34.2, 53.3) ng-L*, and
23.8 (17.2, 35.0) ng-L™ in umbilical cord blood. After adjusting for confounding factors, the results of mixed-effect model showed that the
exposure level of thallium during pregnancy was negatively correlated with fetal double top diameter (b=-0.91, 95% Cl: -1.78--0.02), and
not correlated with the other fetal growth indicators (P>0.05); the results were consistent after excluding the influence of lead, cadmium,
manganese, and calcium. After thallium concentration was grouped by quartiles, it was found that when thallium concentration was
increased by one quartile in the first trimester, the fetal double top diameter, head circumference, femur length, and humerus length
were reduced by 3.0, 10.9, 2.6, and 3.1 mm, and the head circumference and abdominal circumference of the fetuses were increased by
8.3 and 16.3 mm, respectively; the fetal abdominal circumference and femur length were increased by 7.3 and 2.1 mm for each quartile
increase of thallium concentration in blood in the third trimester, respectively; each quartile increase in thallium concentration in
umbilical cord blood resulted in an increase in birth body length of 0.07 mm, but was not associated with other indicators (P>0.05).

[Conclusion] Thallium exposure during pregnancy has a negative effect on intrauterine growth and development and birth outcomes of

the fetuses. The first trimester might be the critical exposure window for thallium to affect fetal growth and development.

Keywords: thallium;prenatal exposure; fetal growth; birth cohort
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Table 1 Comparison of thallium concentration distribution in
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IS EIZE (Maternal education) 0.385
#178 (Middle school) 1 0.7 37.540.0
XS
?:c:ogn:dza'?y?:chnical school and high school 12 8.2 502¢18.1
K% (College) 33 329 41.2412.5
KEX LI (Bachelor and above) 100  58.2 45.7¢17.5
KEFWN/ BT , 0EE
Family annual income/x10" yuan
<10 12 8.2 46.3+12.7
10~30 121 82.9 45.2+17.4
>30 13 8.9 41.3+11.9
FER (Parity) 0.145
0 83 56.9 43.6£14.8
>1 63 43.2 46.8+18.6
R MELSATE 0736
Pregnancy-induced hypertension syndrome
2 (Yes) 2 14 70.2456.3
7 (No) 144 986 44.6+15.7
YFIRERYEFR 7% (Gestational diabetes) 0.083
2 (Yes) 20 137 52.0£20.7
% (No) 126 86.3 43.8+15.6
DIEZE /A 0537
Gestational age of delivery/weeks
<37 4 2.7 48.7+13.9
>37 142 97.3 44.9+16.7
i) LHAE{RE (Newborn’s birth weight) 0.046
{EHEASAE (Low birth weight) 10 6.9 35.5£16.6
EEHAERE (Normal birth weight) 126 86.3 44.9+15.2
B X)L (Giant) 10 6.9 54.9%27.2
4 ) LIS (Newborn’s sex) 0.191
% (Boy) 63 432 47.6t19.2
% (Girl) 83 569 42.9+14.0
EEWENILIA (Passive smoking) 0.078
= (Yes) 39 267 41.6%12.9
& (No) 107 733 46.2+17.6
&1t (Total) 146  100.0 45.0+£16.6
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Figure 1 Sample thallium concentration distribution
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Table 2 Association between thallium exposure during pregnancy
and fetal growth and development
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JNIA{2 (Double top diameter) -0.91 (-1.78~-0.02) 0.049 0.029
Sk (Head circumference) -256  (-5.15~0.13)  0.066 0.055
REEE (Abdominal circumference) -2.75 (-6.94~1.36)  0.199 0.248
RS &1 (Femur length) -0.32  (-1.03~0.43)  0.403 0.406
BEE4< (Humerus length) -0.33  (-2.08~1.43) 0.724 0.709
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[Note] Covariates: maternal age, pre-pregnancy BMI, maternal education,
family economic status, gestational age, pregnancy-induced
hypertension, hypertension, delivery mode, parity, newborn’s
sex, and passive smoking. The concentrations of lead, cadmium,
manganese, and calcium are added for further adjustment.
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Figure 2 Associations between each interquartile increase of
thallium exposure in different gestational periods and fetal
growth and development
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Table 3 Effects of thallium exposure during pregnancy on birth
outcomes [b(95% C/)]

4 HAERKE HAEFK fRREE
Pregnancy Birth weight Birth body length  Placental thickness
Z2EHA (Early) 22.18 (-69.80~114.16) -0.02 (-0.10~0.06) -0.26 (-1.28~0.76)

ZzehA (Middle)  50.67 (-38.06™139.39)

ZopEHA (Late)
B (Cord blood) 78.77 (-19.16176.71)

-0.01 (-0.04~0.03) -0.57 (-1.43~0.29)
0.03 (-0.07~0.12) 0.38 (-0.61~1.37)
0.07 (0.01~0.14) —

31.30 (-64.67~127.27)
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[note] Covariates: maternal age, pre-pregnancy BMI, maternal education,
family economic status, diabetes, hypertension, delivery mode,
parity, newborn’s sex, gestational age at delivery (gestational age
is adjusted for placental thickness), passive smoking, and maternal
lead, cadmium, manganese, and calcium levels in blood during
three stages of pregnancy and in cord blood. Thallium exposure
level in the first trimester is adjusted when analyzing for the
second and the third trimesters.
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