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A nested case-control study on zinc levels in maternal whole blood and fetal cord blood and
risk of congenital heart disease in offspring LIU Qian, MAO Baohong, DAI Zhirong, WANG
Wendi, HU Yaguang, LIU Qing, WANG Yanxia (Gansu Provincial Maternity and Child Care Hospital,
Lanzhou, Gansu 730050, China)

Abstract:

[Background] Zinc is a trace element essential for normal fetal heart development, and excess
zinc can be toxic. The relationship between maternal and fetal zinc levels and the development
of congenital heart disease (CHD) in the offspring is unclear.

[Objective] To study the effects of maternal and neonatal zinc exposure levels on the risk of
developing CHD in the offspring.

[Methods] The data and biological samples of the study subjects were derived from the birth
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cohort established by Gansu Provincial Maternity and Child Care Hospital in Lanzhou from 2010 to 2012. Questionnaire surveys were
conducted at baseline in the first trimester and at follow-up visits in the second trimester, the third trimester, and 42 d after delivery.
Maternal venous blood during the third trimester and neonatal umbilical venous blood at delivery were collected, and information on
their birth outcomes was extracted from medical records. Ninety-seven children with CHD diagnosed by echocardiography at birth and
confirmed at the follow-up after 42 d were selected as the case group, and 194 healthy full-term infants were selected as the control
group, 1:2 matched for maternal age and geographical location from the database. The zinc concentrations in whole blood of pregnant
mothers and umbilical cord blood of fetuses in both groups were measured by inductively coupled plasma mass spectrometry. According
to the quartiles P,s and P, of zinc levels in the whole blood of pregnant mothers and neonatal cord blood in the control group, zinc
exposure was divided into three groups: low, medium, and high. After adjusting for maternal vaginal bleeding in early pregnancy, pre-
pregnancy folic acid and vitamin supplementation, birth weight, and umbilical cerclage confounders, a multiple conditional logistic
regression model was applied to analyze the associations between maternal whole blood and fetal umbilical cord blood zinc levels and
the risk of CHD in the offspring, and a further subgroup analysis was performed by disease classification.

The medians (P,s, P;s) of maternal whole blood zinc levels in the case group and the control group were 5.034 (3.456, 6.644)
and 4.693 (3.411, 5.646) mg-L™, respectively, with significant differences between the two groups (P=0.029). The medians (P,s, Pys) of
neonatal cord blood zinc level was 2.153 (1.479, 2.405) mg-L™ in the case group and 1.636 (1.304, 1.979) mg-L™" in the control group, with
significant differences between the two groups (P <0.001). The zinc levels of maternal whole blood and neonatal cord blood in the
simple CHD group were significantly higher than those in the control group (P <0.05). The multiple conditional logistic regression model
showed that compared with the maternal medium zinc exposure level group (3.41-5.65 mg-L™), the risk of offspring CHD was 2.225 times
of the high exposure level group (>5.65 mg:L™) (OR=2.225, 95%CI: 1.017-4.868). Compared with the neonatal medium zinc exposure
level group (1.30-1.98 mg:L™"), the neonatal high exposure level group (> 1.98 mg-L™) also had an increased risk of CHD (OR=4.132, 95%CI:
1.801-9.480). The subgroup analysis results showed that compared with corresponding medium exposure level groups, the risk of simple
CHD in the offspring of the maternal high zinc exposure level group was increased (OR=4.081, 95%CI: 1.427-11.669), and the risks of
simple CHD (OR=7.122, 95%Cl: 2.126-23.854) and complex CHD (OR=5.165, 95%CI: 1.859-14.346) of neonates of the neonatal high zinc
exposure level group were increased.

Under the exposure levels of the study population, high concentrations of zinc exposure in pregnant mothers and neonates
may be associated with the incidence of CHD.

congenital heart disease; zinc; pregnant woman; whole blood; neonate; cord blood
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43 cHD AR B e MEFRESTXWRA, ZERAEHR
ITFEEN(P=0.039), W& 2
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ZEHRPERBKFE, HFRBAE cHD ZRNL £2 CHD ASMBAZSLMm. Hik) LFNIERELLE
%= (0R=4.081, 95%C/: 1.427~11.669), Table 2 Comparison of zinc levels in maternal whole blood and
neonatal umbilical venous cord blood between CHD group and
control group
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CHD#H(n=97)  X$BBLH(n=194)
T . % . % i 21F 291 3.421 4.701 5966  — 1.309 1.660 2279 —
BRER/% 4038 0.257 XFERZH 194 3.411 4.693 5646  — 1.304 1636 1.979 —
<25 25 2577 48 2474 CHD4H 97 3.456 5034 6.644 0.029° 1479 2.153 2.405 <0.001
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AEREE 29 2990 65 3351 [E]a: STRALLR
BERIR 2R T 2316 0.128 e
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= ’ ’ Table 3 Risks of offspring CHD by maternal whole blood zinc
= 45  46.39 72 37.11 concentrations
BFERIEA 0.098 0.754
bag:| OR(95%Cl) aOR(95%Cl)
= 20  20.62 37 19.07
CHD#H(n=97)
= 77 79.38 157 80.93
SR EAEILE (kgm) 2053 0561 EREL(<3.41 mg:L) 1.514(0.788~2.907) 1.278(0.557~2.933)
<185 16 16.49 37 19.07 SIRELA(>5.65 mg-L™) 2.759(1.502~5.070)" 2.225(1.017~4.868)"
18.5~ 71 7320 143 7371 TR
25~ 6 6.19 11 5.67 A CHD A (=43)
>30 4 4.12 3 1.55
Nl = o~ ~
P 5253 0.022 {ERELH(< 3.41 mg-L) 2.608(0.892~7.620) 2.331(0.731~7.432)
= 26 2680 31 1598 BIREAH(> 5.65 mg:L) 4.104(1.575~10.697)°  4.081(1.427~11.669)’
= 71 7320 163  84.02 & ZRICHDLH (n=54)
AT TR BRI R BED G FSRAEAR (< 3.41 mg L™ 1.085(0.467~2.518) 1.033(0.361~2.950)
= 16 1649 6 351 EREL(>5.65 mg:L™) 2.121(0.939~4.792) 1.852(0.639~5.370)
= 81 8351 129  66.49 - — — —
T [ ]JaOR: RIEGH OR fE, RIENTEEZRHMFERM. 2RI 7
e 146 069 MERIEE R, $i4E) LIRS 4 ) LBFARER; *: P < 0.05
<25 7 7.22 19 9.79
26~ 71 7319 145 7474 R4 BRAREMRENFE) LFOEKFES
36~ B BB D B H CHD RfmHIX R, 1RIEXTRAF L) LT MEEKRER
e PO MM P F P RSN R BZA, UFR
ZLT 62 6392 120 61.86
T 7k I ~ LY REBZIRE, /N L7t
. v o s BEKT(1.30~1.98 mg:L™") AEENE, /N F 1.30 mg-L
) LR 0173 0.677 NEBEKF, KTF 1.98mg L ABREKFE, RIE
2 46 4742 87  44.85 BFEEAERRG, BZME)LABENEFEREEKFET, 5F
% 51 5258 107 55.15 EFHEBKEMEL, SR EKFIHE)L CHD &F
pES a2 59271 <0001 RIRSFHERT) 4,132 {5 OR=4.132, 95%CI: 1.801~ 9.480),
<2500 25 2577 5 2.58
BERMREFHE)RFBEXKFESHE)LCHD R
2500~ 61 6289 188  96.91 o,
- 4000 1 1134 1 os1 REEXE. TASTETR SHEEEKFENHE)L
#2k) LBR LR 8543 0.003 KE BT CHD(OR=7.122, 95%Cl: 2.126~23.854) [l
] 47 4845 60 3093 & 28 CHD(OR=5.165, 95%C/: 1.859~14.346) B X &
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Table 4 Risks of offspring CHD by neonatal cord blood zinc
concentrations

bar:| OR(95%Cl) aOR(95%Cl)
CHD#H(n=97)
{ERELH (< 1.30 mgLY) 1.429(0.694~2.944) 1.268(0.479~3.356)
SIREA(>1.98 mgL™?) 4.272(2.275~8.022)" 4.132(1.801~9.480)"
RIZizbapin
S ARICHDEA (n=43)
RREH (< 1.30 mgL™) 1.663(0.516~5.366) 2.610(0.613~11.114)

EIREA(>1.98 mgL?) 4.794(1.820~12.629)°  7.122(2.126~23.854)"
& Z+RICHDAH (n=54)
{ERELH(< 1.30 mg-L™)

EIREA(>1.98 mg-L™Y)

1.294(0.516~3.242) 1.250(0.458~3.411)

3.914(1.703~8.994)" 5.165(1.859~14.346)"

[ £ JaoR: RIESH OR &, RIEMZTEFZRHAERM. 27
HERFIEAE 2R, e LIREFNITE) LBTSRER; 1 P<0.05

ZORBR 5@ — A T W 4 PA S RV B 20 51Xt
BARIFGE T 2N E) LFKESHE)LCHD &
RHEXMY, EREANERABFNESZKET, 55
FHREBE/KTAEL, Z80HE) LSHFEEKFEOEE
1B INFTEE) L CHD BY& R K F2,

FEEAL 200 MEENVIHENAF, BB ERES.
w5, BRIt ERES, WRBRANEY
FEIMENINEEE EEE W™, FEA—FRENHE
ERE, tADEARMITERE (64 kg) FIBEE
R W RYSE/T 1.97 mg, (55 kg) /9 1.54 mg, 1R 20
MAZENFERNERED L ME 2.27 7
2.89 mg"’, R B RZHBMBEFMINE) FNEFESE
FEERAXXRY, XTBSHELREEERER
HEmEEE XY, ATHEMHEER, 282N
MBI IEESZ TR BRI EER —1RE, &
XY R A B2 M AR 2 I $FRY P A HBUK R T
Bocca HFRIKMIZER (6.708 mg-L™") , =T Callan &
BUMIMEER(2.33 me- L) ; XERAHFE) LFFMENS
2% Bocca FYHFRLER (2.311 mg L) BRI, BEESTF
Kopp""F IR EEIE(1.34 mg-L ™) o XHARZEB MR
BARBZMER, FEBZRLNSET IESBTHER
ERREAIMKR™,

SRR RPE, FFRRZ MR E L &390 5|k
BRI AR L ERSENRERT, MMSEOME
B89 & £, AR ETR CHD AZ B2 MM 4
JLBFF MK FESFERA, 5 pilli EWHRERSE
B4, E@I Xt 108 {5 CHD #74) LA 103 B REEFE)L

MESEZEHMBEHER. FOZMRFE—NERE
TTR) EERFENLERS LI, SXRAMELL,
CHD AZ M4 )L M55 K FIIE S, Kundak
EPIR R MR TG HRTRER CHD F74E) LBaZEh iy
HEERTEENE) L. BENTFEE2MEFKFESY
F1X CHD MBI R 4518 1M A — o Moghimi F
MR R REA, ME K FRERNEE, EFHAEXE
ENERERKEMBEFIEEEEN 7 E2. XARE
HRERAEG, KUNZENHME) SFBREENE
JL CHD &R M BIE MM B E R, X F B MmEFEKF
5 CHD FUME XM R IRE, XLEHRLZIBIRREA
EERMMRIRIT. BEW KA A HARAR. ZHHR
BKFEUR G NERREPISH. HP, ZHERE
KEMGQNEREFAIREBENEE, FINBHAARLIN
& RHAF Z2 R HA RO MR A PR R A S B9 58K B
E7,

FHANAKNERETEFTLUT =M A BB
EMEEBN, BMEEREEH TS R E SR,
AR EZEHE, L)  FFELRRERBEDR
HEANRZESHRYNEEEHBEIRETHEIE,
BRFIEFFXEHKFEZME REAH. Baixt#s
CHD &R RV E W H i R BAMT. —RRRIE, e —
ISR, AMKKBABIEZPIENFIESH
B EE " EARS, M OREHREGLEN 237~
623 mgkg ™, TE AL IRKH B KLY 325~650 mg
NEEISMSERLN, SBCRO. BIBAE. IXIt,
BR2EENFERAHEHmESE, #EiRE, &
=P\ ez Db AVEY) )i TiE =3 = ke =W i i v PTIRY: 3
AR ERRIARIE DT RBEIRG LG R LR
Ca” . ARESES. H/SENMmEERNER UK
ERBNTN, RTEFEESEERERT OB, k&
bz 4h, EB TR Z BB HEEER, FME™. &%
MEE, ZBMIE) LATEUREESRBET 2
B, EEARNEIFPHEER. B TENRRULN
=EME)LELBIZHR AL DNA B EAL, M DNA
FEVATSODRABHEXNEZERR, R'E DNA F
BEALOTRER T3 CHD™,

RPARNMROT : B, X2—IEFHE
HIR B LR GIXT BRI 5, o] LA BRI E) LEEKT
5 cHD A TRIRIEE £ 2 BIEE; HIR, B ¥4
RERE, ZHEH T EBENEXRE, XARBNE
REETET: MES5EMEMN—RERBEN, XA
REaFEE—ENRERE, W BTFERIEREL
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MG EZTNHNZEE MMM E) LB MF TR
WHE—2ZCHE, BEMREFERE T B2 TIIEMR
B BB S AN F BRI, W R REERHAZ B AL
F) L RENEENSSIMF S EHMRZNIZE; &
ROEREND, FRUBERFNHE) LFFKFHR
2E{E; R, XARDF T ZEAZ S 2 MBFKF
*WZE*WE?E- « BEHREAEmEEKT, BB R
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