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Association of the levels of heavy metals and trace elements during pregnancy with
congenital heart defects in offspring: a prospective cohort study
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Abstract: Objective To study the association of the levels of heavy metals and trace elements during pregnancy
with congenital heart defects (CHD) in offspring, and to establish a model for predicting the probability of CHD based
on the levels of heavy metals and trace elements during pregnancy. Methods Based on the prospective birth cohort
study in Gansu Provincial Maternal and Child Health Hospital in 2010-2012, a nested case-control study was conducted
for the follow-up observation of 14 359 pregnant women. Among the pregnant women, 97 pregnant women whose
offspring were diagnosed with CHD during follow-up were enrolled as the CHD group, and 194 pregnant women whose
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offspring had no CHD were selected as the control group. Inductively coupled plasma mass spectrometry was used to
measure the levels of heavy metals and trace elements in maternal blood samples and fetal umbilical cord blood samples.
A multivariate logistic regression analysis was used to evaluate the association between heavy metal and trace elements
and CHD in offspring. A nomogram model for predicting the probability of CHD in offspring was established based on
the levels of heavy metals and trace elements during pregnancy. Results Compared with the control group, the CHD
group had significantly higher levels of aluminum (Al), natrium (Na), calcium (Ca), titanium (Ti), selenium (Se),
strontium (Sr), stannum (Sn), stibium (Sb), barium (Ba), and thorium (Th) in maternal blood samples (P<0.05), as well
as significantly higher levels of Al, zinc (Zn), magnesium (Mg), kalium (K), Ca, Ti, chromium (Cr), copper (Cu), arsenic
(As), Se, Sr, argentum (Ag), cadmium (Cd), Sn, and plumbum (Pb) in umbilical cord blood (P<0.05). The multivariate
logistic regression analysis showed that the increase in the Sb level in maternal blood was associated with the increase in
the risk of CHD in offspring [adjusted odds ratio ("OR)=4.81, 95% confidence interval (CI): 1.65-14.07, P=0.004], while
in umbilical cord blood, the high levels of Al ("OR=4.22, 95%CI: 1.35-13.16, P=0.013), Mg (‘OR=8.00, 95%CI: 1.52-
42.08, P=0.014), and Pb (*OR=3.82, 95%CI: 0.96-15.23, P=0.049) were significantly associated with the risk of CHD in
offspring. The levels of Al, Th, and Sb in maternal blood and levels of Al, Mg, and Pb in umbilical cord blood were
included in the predictive model for CHD in offspring based on the levels of heavy metals and trace elements during
pregnancy, and the calibration curve of the nomogram predictive model was close to the ideal curve. Conclusions
Increases in the levels of Al, Th, Sb, Mg, and Pb during pregnancy may indicate the increase in the risk of CHD in
offspring, and the nomogram predictive model based on these indices can be used to predict the probability of CHD in
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offspring.

[Chinese Journal of Contemporary Pediatrics, 2022, 24(2): 147-154]
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HEM AL TARE, BEEFRERD LML
WAk e, AREDET (plumbum, Ph) ()%
FeBEZ I, WFEER], AR R KFS T
IRERAESC DRI ARSE B0 B (zine, Zn) X)L
HNAK R T A G . Zha 55 7 TFRIESS, fE
PN 7 4 2= (8] B 6 452 (ventricular septum defects,
VSD) BJLR A ERE TRk =, BB L Zn/KF
5 F K EARZ AT B KR R, KT
8 4 R R BE M TR k= 5 USROG
PER W ENERIETE 22 o0 BRI 5T 7, 25 2R AT BEAF
TE—E Mt o ASWFSE A AT IEME: 1 A: RS BIESY , Jl
T PEAG T b DX R 3% 28 0 4 S U0 3R AR B S
JCER K5 AR LR SR e AR Z TR G &R
TP 4 R U R R R AR TR B Z 5 AR
FE 0o KA AR TR, T R A I A R

WA AR . AR E AR — e, DUIER
A AT R

1 #BERERE

1.1 HRITH

2010~2012 FF-FR BEHE A HE G R 2T T — 0
BRI . X TR B e 1 B 28 A e ) A A 7
BEDT, RS S A E — A
B o2 o C NN Y RSB A o = I A& G = e K i
W R A e s . 2R/
TR | 28 B v e S R R 4 AR R AN TR A
ZI A S B G L gy A TF S8 0 52 14359 44, b
10 542 42440 (73.42%) SER T B, BF5EA
BEAARDCTEARAR W Qiu 45 ™ fiUF9T . AHFFE I
H110 087 BB RTE = (12810 (T HERRZ 06 . G
ol H At A= BA ) Rl R R 97
PAVERFE R, KFRRZHFE IR - 2 pY g RS T
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1.3 FitESH

XPZEIARAERS A . R BERE . REAY
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WIhERELR 117(603)  57(58.8)
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®1(4) 22 ZPAMBFEEFEAMBILFFNERPEEETLE
B T R 5%%2&*& I, ﬁ'a)uﬁéﬁ#%iam{«z#ftl: il\
% 123634)  57(58.8) 500 o Nfl\ Ca\‘ Tl\“ Se\\Sr\ Sn. Sb. Ba. Th/KF& &,
% 71(36.6)  40(41.2) ERAGIFE L (P<0.05), W2, feiisd
A LS GOLF L REAS AL, Zn, Mg, K. Ca, Ti. Cr,
5 82(42.3)  46(47.4) .
4 105(54.1)  49(50.5) 0531 0527 Cu. As. Se. Sr. Ag. Cd. Sn. PhIK-F-H HE4
R 736  2@2.1) T, ZRAZIFEE L (P<0.05), W33,
F2 FVRASHRAZAMBELUFETEKENILE [P, (P, P, pgl]
e XTHRAL (n=194) o4 (n=97) VAL PlE
Al 2 117(1 564, 2 891) 2 450(1 730, 4 147) -2.887 0.004
Na 441 921(344 196, 585 236) 533 451(395 959, 606 953) —2.470 0.014
Ca 9 928(6 480, 12 440) 10 635 (7 050, 17 655) -2.171 0.030
Ti 302(217, 390) 372(189, 659) -2.485 0.013
Se 56(31, 96) 88(38, 131) -2.563 0.010
Sr 180(114, 295) 231(135, 564) —2.811 0.005
Sn 9(7. 13) 10 (7. 23) -2.053 0.040
Sh 1209, 17) 14 (9, 20) -2.062 0.039
Ba 84(56, 136) 109(52, 256) —2415 0.016
Th 0.66(0.50, 0.87) 0.72(0.52, 1.21) 2173 0.030
e (AL 455 [Nal @0 [Cal 45; [Ti] ks [Sel fifi; [Sr] %85 [Sn] #; [Sb] £6; [Bal #1; [Th] £k,
®3 FORESHRARIUFLUETEKTOLE (P, (P, Py, pel]
=5 XFHRZH (n=194) SR (n=97) VA P{E
Al 1654(1 282, 2 419) 2575(1 510, 3 644) -4.083 <0.0001
Zn 1636(1 304, 1 979) 2 153(1 479, 2 405) —4.132 <0.0001
Mg 30 349(26 613, 35 138) 37 843(28 915, 44 463) -4.540 <0.0001
K 896 354(628 591, 11 069 600) 1057 864(758 661, 1 229 898) -3.161 0.002
Ca 9590(7 966, 12 021) 11 649(8 405, 16 349) -3.147 0.002
Ti 317(246, 394) 370(265. 460) -3.059 0.002
Cr 115(80, 208) 153(85, 250) -2.058 0.040
Cu 497(425, 588) 593(467, 760) -4.701 <0.0001
As 2(1,5) 441, 5) -2.462 0.014
Se 85(50, 141) 126(59, 159) -2.547 0.011
Sr 129(66, 353) 212(74, 545) -2.123 0.034
Ag 32(1,10) 7(1,22) -3.164 0.002
cd 0.00(0.00, 0.03) 0.02(0.00, 0.14) -3.822 <0.0001
Sn 11(7, 18) 19(8, 53) -3.872 <0.0001
Ph 42(25, 65) 66(28, 85) -2618 0.009
e (Al #; [Zn] B85 [Mg] 865 [K] #; [Cal 45 [Til] #K; [Cr] %5 [Cul #; [As] B [Sel li; [Sr] $8; [Ag] 4 [Cd]

4 [Snl #; [Pb] &%

23 ZPmMEHEAMRBILFLIEAPESETE
MMETRKEEFRECFIIEXGE

B, XF IR BRI b 25 A i
ffesoeR, BOHEBUR A R AR “glm () 7
+ 150 -

PREIHETT logistic 2387, S50 R 22 10 4= 1l () Al
A Th 1y 7K F 7] B8 5 1858 0 ik 19 & ik A O
(P<0.05); JRJLBF I Y AL S Cd/KSF AT RE 5 50
WG R IEAIE (P<0.05), W3 4~5,
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F4 ZALmPUFTRKFEESRCHHEXE

i=ooive SIS S S QRN liaPd Z{H PfH
Al 2.650 0.994 2.665 0.008
Na 2.154 1.184 1.819 0.069
Ca 2.008 1.754 1.145 0.252
Ti -3.640 1.963 -1.854 0.064
Se 0.779 0.440 1.769 0.077
Sr 0.240 0.880 0.273 0.785
Sn -1.243 0.685 -1.815 0.070
Sh 0.215 0.933 0.230 0.818
Ba -0.015 0.777 -0.019 0.985
Th 1.980 0.797 2.485 0.013
Te: [AL] 6 [Nal 85 [Cal #5; [Ti] Bk; [Se] fiff; [Sr]

B [Sn] 85 [Sb] 865 [Bal #1; [Th] %k EUHRECEHEHE
/N AR R BT I R B AR AT Y [ R 5
AR ER2E o

®5 BRILFFMPUFTRKESEOCFRERXE

fbeonzm BIAREC FeifER VAL PIE
Al 1.384 0.627 2.209 0.027
Zn 1.393 1.186 1.175 0.240
Mg 2.172 2.433 0.893 0.372
K -0.885 1.434 -0.617 0.537
Ca -0.116 2.149 -0.054 0.957
Ti -1.216 1.717 -0.708 0.479
Cr -0.430 0.572 -0.751 0.453
Cu 2.307 1.364 1.691 0.091
As -0.026 0.441 -0.059 0.953
Se 0.046 0.493 0.092 0.926
Sr -0.066 0.674 -0.098 0.922
Ag 0.414 0.430 0.965 0.335
Cd -0.762 0.336 -2.266 0.024
Sn -0.105 0.584 -0.180 0.857
Hg -1.527 0.845 -1.807 0.071
Pb -0.107 0.488 -0.219 0.827
e [AL) 48 [Zn] #%; [Mg] 865 [K] #; [Ca] #5; [Ti]

B [Cr) %5 [Cul #; [As] @y [Sel fifi; [Sr] #8; [Ag] 4
[Cd] #; [Sn] 8 [Pb] 4. [RIARECR d ¥l /N kit &
HERAETT ARG bR TG 15 R B bR 2%

H T A P it 0 38 R 46 A TC 3R B /K A2 )
AR . MUK AR RPN R B0, HA TR A
TEAHELRZ R O [ N B S8 — A B X R 1l MG
MAL IR S B, AP AT b
MR 20 28 30 M R A B i LGS AR A B A 2 T 3R ik
JEE, HHAR B A DU S RGHATR I3, LA PP

BB A S % b, KT P A IRIRIE K, &T P,
MR EE A, T N —2 00T .

Z % logistic FUHHT BN, 7R 1 3Lk
TR 22 R A SRR IR R R G, &
XA MLRAEA P2 e R K, 5 h Gk
Sh KA HL, T M EE Sh /K-l 2 0 H 740 e S
i B XU B 1 ("OR=4.81, 95%CI; 1.65~
14.07, P=0.004), W36, e ILBFMLAEA T,
U EE AR AL ("OR=4.22, 95%CI: 1.35~13.16,
P=0.013) . Mg (*‘OR=8.00, 95%CI: 1.52~42.08,
P=0.014) . Pb ("OR=3.82, 95%CI: 0.96~15.23;
P=0.049) 5 50095 19 K As XU 38 I AF AR QI
W7,

#6 ZFELMHPUFTEKFESELRZIE
X R % E = logistic B34 47

fh2z {R73 R
TER  OR95%CI) Pl "OR(95%CI) Pt
Al 0.81(0.25~2.65) 0.729  1.06(0.38~2.99) 0911
Na 1.01(0.37~2.78) 0.989  0.83(0.28~2.45) 0.730
Ca 0.66(0.10~4.43) 0.672  1.13(0.32~3.99) 0.849
Ti 5.53(0.88~34.78)  0.068  3.40(0.98~11.82)  0.055
Se  0.60(0.19~1.90) 0385  1.70(0.55~5.27)  0.356
Sr 0.99(0.29~3.36) 0995 3.73(0.81~17.25)  0.092
Sn 2.39(0.86~6.69) 0.097  0.73(0.21~2.57) 0.622
Sh 2.11(0.76~5.85) 0.151  4.81(1.65~14.07)  0.004
Ba 2.82(0.76~10.42)  0.121  0.48(0.12~1.87) 0.288
Th 0.33(0.10~1.09) 0.070  1.71(0.61~4.81) 0.311
W [AL] 85 [Nal #45 [Cal 455 [Ti] ks [Se] 5 [Sr]

£ [Sn] B; [Sb] #; [Ba] #1; [Th] 4k, ‘ORKYHEEAE LA LT
iR 5 0T B AT R PRI X I IR 24 I 2 . LA S IRIE TR WS,

R7 BRILFIAHFETEKESENFZE
X B % E % logistic B34 #7

fh2z v e TR

JLE  "ORO5%CI) Pl "OR(95%CI) PfH
Al 0450.13~1.51)  0.196 4.22(1.35~13.16)  0.013
Zn  1.94048~7.76) 035  2.400.75~7.68)  0.141
Mg 1.40(0.26~7.46)  0.694  8.00(1.52~42.08) 0.014
K 0870.15~494) 0879 0.99(0.29~341)  0.996
Ca  144(0.39~534) 0586  0.67(0.11~4.06)  0.662
Ti  0520.06~424) 0538 0220.04~1.12)  0.069
Cr 1.83(049~6.80) 0369 1.04(0.29~3.73)  0.958
Cu  1.19035~4.12) 0778  1.740.61~4.99)  0.300
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R®7 (%) )RS T A DX TRD6F B AR FE ARk B i BE A2,
s s FIRIE 2N FE 1) VF 43 b o 1 2 B AR e 1.4 BIVRT 75 21 4 1
T CORGS%CY  PI CORGS%CH P (i, ARV ATHERR MM . LS
As 0.86(0.25~2.94)  0.813  0.32(0.10~1.06) 0.063 B Xﬁmﬁj\{ﬁ)ﬁ ol %lﬂ‘ﬁﬁ$¢%$g£&’ﬂzﬁﬁ
Se 1.15(0.25~5.23)  0.859  1.33(0.42~4.16) 0.628 éjé B! Efﬁ%‘a iﬂ’qﬁ,ﬂ;ﬁ Eé‘z\ﬁfﬁ%’? %Hiﬁ%fn?% IEJ{Z?
A T S B e T
g . .50~6. ; L 22~3. ; . N

AN I AV EE 1700 we/L, XTI AL (Z2idif) 2k
Sn 0.67(0.16~2.89)  0.592  3.41(0.98~11.83) 0.054 B “1 564.84-2 891.03" B‘]%ﬂﬁ" jﬂj}?{l’z‘ﬂﬁiﬁﬁﬁ
Pb 0.58(0.15~2.31)  0.442  3.82(0.96~15.23) 0.049 ’ : S AT E

H: [AL] 485 [Zn] BE; [Mg] #%; [K] #1; [Cal %5; [Ti]
Bk [Cr] #; [Cul 85 [As] 5 [Sel fifi; [Sr] £8; [Ag] 8
[Sn] #; [Pb] . "OR M H ARt A Ui iy I S 1 W i ik
WIRAEZ . LUh AR TT R NS,

24 ZHECETRERNMHERTEAEEFR
Se it i B T A Y

YL Eortr, W E &R TR MR TR
IR 5 AR 50 I 149 T A 7R o 98 A 118 75 S A
ZEAML AL, Th, ShAKEFIAGJLBF I AL, Mg, Ph7K
-, ISR R LR 1, LR BRI ol 45 e R
() VA R LA KT HE 2L 242 2 i YA AR B i DL I A A e
J& P~ Pos B BE R S5 B UE AR T P WARIR AT,
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