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Effects of cord blood element levels on neurodevelopment of preterm and full-term children:
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School of Public Health, Sun Yat-sen University, Guangzhou, Guangdong 510080, China;
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Abstract:

[Background] Essential and non-essential elements have an important impact on the
development of the central nervous system during fetal development. Due to their less
developed brain, preterm infants are more sensitive to element exposure, and are high-risk
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groups of neurodevelopmental abnormalities. However, it is not clear whether the effects of element exposure in utero on postpartum
neurodevelopment are different between full-term infants and preterm infants.

To evaluate the effects of element exposure levels during pregnancy on neurodevelopment of children aged 6-24 months (of
corrected age), and compare the effects between preterm and full-term children.

A prospective study design was adopted and this study was conducted based on the Maoming Birth Cohort Study (MBCS) in
Maoming City, Guangdong Province. Twenty elements in cord blood of 197 preterm infants and 297 full-term infants were measured,
including 11 essential trace elements [vanadium (V), chromium (Cr), manganese (Mn), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn),
selenium (Se), strontium (Sr), tin (Sn), and iron (Fe)], and 9 non-essential trace elements [aluminum (Al), arsenic (As), thallium (Tl), lead
(Pb), uranium (U), cerium (Ce), antimony (Sb), cadmium (Cd), and yttrium (Y)]. The neurodevelopment of the children at 6, 12, and
24 months were evaluated by the Ages and Stages Questionnaires-the Third Edition (ASQ-3). A generalized estimating equation (GEE)
model was adopted to evaluate the associations between elements and neurodevelopment in full-term and preterm children separately.

The positive rates of 10 elements (Mn, Cu, Zn, Se, Sr, Fe, Sb, Tl, Pb, and As) in cord blood were greater than 80%. Among the
preterm birth children, the results of GEE analysis showed that after adjusting for the covariates, for each increase of interquartile range
(IQR) in In-transformed concentration, As was associated with problems/delay in the communication and problem-solving sub-scales,
with the adjusted odds ratios (OR) and 95% confidence intervals (C/) of 1.36 (1.03-1.80) and 1.55 (1.10-2.20), respectively; the adjusted
OR (95%Cl) of problems/delay in the fine motor and problem-solving sub-scales were 1.44 (1.00-2.07) and 1.76 (1.09-2.84) for Sb,
respectively; the adjusted OR (95%Cl) of problems/delay in the communication sub-scale was 1.37 (1.09-1.74) for Se. No statistically
significant associations between umbilical cord blood element concentrations and neurodevelopment indicators were observed among
full-term children. The results of stratified analysis by sex showed that the associations between umbilical cord blood element
concentrations and neurodevelopment problems/delay were only significant among female preterm children.

Exposures to As, Se, and Sb during pregnancy may increase the risk of neurodevelopment problems/delay in preterm
children aged 6-24 months, and female seem to be more vulnerable.

cord blood; trace element; preterm birth; infant; neurodevelopment
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Table 1 Characteristics of the study population

gL ERIL
Preterm birth  Full-term birth  t/} P
[n (%)1(n=197) [n(%)](n =297)

HHIE

Characteristic

®2 BF)LMRA)LBFHEMTRRELLR [M(Pys, Prs)]

Table 2 Cord blood element concentration comparison between
preterm birth group and full-term birth group[M (P,s, P5s)]

AsQ-3[a)ERY[E)/ A i
ASQ-3 interview time/
months of age

6 157 229
12 126 207
24 87 160
5 (Sex) 0.60 0.437
& (Mmale) 110 (55.8) 154 (51.9)
% (Female) 87 (44.2) 143 (48.1)
BFRRBER/F (x+5)
Mother’s pregnancy age/years 29.75+5.85  28.6145.11 2.33  0.022

(xts)

BF3EZFIBMI/ (kgm ) (X + 5)
Mother’s BMI before pregnancy/ 21.16 +4.47
(kg-m?) (x £'5)

ZR/E (x£5)

21.55+12.67 -0.49 0.677

34.47 +2.28 39.42+1.03 -28.67 <0.001
Gestational age/weeks (x £ s)
BEZHERE
. 19.42 <0.001
Mother’s education level
PHERET 59 (29.9 58 (19.5
Middle school and below (29-9) (19:5)
= (High school) 57 (28.9) 81(27.3)
RERELL 55 (27.9) 136 (45.8)
Higher education ’ ’
KIRE (Unknown) 26 (13.2) 22 (7.4)
FH”FIRRE
Second-hand smoke exposure 4.08 0.130
during pregnancy
2 (Yes) 92 (46.7) 140 (47.1)
Z (No) 76 (38.6) 130 (43.8)
KIRE (Unknown) 29 (14.7) 27(9.1)
=R (Parity) 22.07 <0.001
#7743 (Nulliparous) 85 (43.1) 193 (65.0)
£27=43 (Multiparous) 112 (56.9) 104 (35.0)
KEFEWN/TT
. . 8.42 0.134
Family annual income/yuan
<10000 31(15.7) 31(10.4)
>10000~ 31(15.7) 30(10.1)
>30000~ 66 (33.5) 106 (35.7)
>100000~ 17 (8.6) 29 (9.8)
>150000 4(2.0) 10 (3.4)
KIRE (Unknown) 48 (24.4) 91 (30.6)

TR B7=) L (Preterm birth) ZABJL (Full-term birth)

Element (n=197) (n=297)

Mn/(ug-L™) 47.23(37.90; 60.08) 44.55(35.48, 57.73) 0.240
Cu/(ng:L™) 559.73(486.73, 626.33) 526.42(460.88, 585.25) <0.001
Zn/(ugl)  1412.20(1287.58,1574.72) 1606.26(1429.15,1829.50) <0.001
Se/(ugL™) 96.62(85.00, 112.72) 97.72(85.45, 114.62) 0.576
Sr/(ug:L™) 14.88(11.78, 19.43) 17.10(13.35, 21.23) <0.001
Fe/(mgL™) 433.29(346.26, 540.18) 445.40(377.99, 535.20) 0.101
Sb/(ug:L™) 5.65(4.10, 6.97) 4.85(3.35, 6.40) 0.001
Tl (pgL™) 0.05(0.02, 0.08) 0.05(0.02, 0.05) <0.001
Pb/(ug-L™) 8.48(1.38, 12.40) 10.60(7.38, 14.35) <0.001
As/(ug:L™) 1.52(0.98,2.52) 1.55(0.92, 2.52) 0.705

3 BFE)LNRAILFREREFBIRSETH
AERBERILE
Table 3 ASQ-3 result comparison between preterm birth group
and full-term birth group at different follow-up months

X 18MI: (REIEE, IELM T ERA Student-t 1038, DXL EXRAF
F. BFEHEKTE. ZR-FRRENREFWAFERE
iz,

[Note] BMI: Body mass index. Student-t test and x* test were used for
continuous and categorical variables, respectively. Missing data in
mother’s education level, second-hand smoke exposure during
pregnancy, and family annual income.

2L EAIL
Preterm birth Full-term birth

BIER(RER%) HIE(RER/%)

REBB/IER

Neurodevelopment

problems/delay

Number(Rate/%) Number(Rate/%)
6814 (6 months)
n 157 229
38 (Communication) 41(26.1) 48(21.0) 112 0.290
HARTDIE (Gross motor) 53(33.8) 77(33.6) 0.00 0.999
FEHATHTE (Fine motor) 22(14.0) 17(7.4) 3.76 0.053
fi# RiA)E (Problem solving) 23(14.6) 26(11.4) 0.64 0.424
M A-#t2 (Personal-social) 64(40.8) 78(34.1) 152 0.217
128 ## (12 months)
n 126 207
7338 (Communication) 32(25.4) 21(10.1) 12.50 <0.001
¥ ATHE (Gross motor) 37(29.4) 49(23.7) 1.04 0.307
¥E4AEN1E (Fine motor) 41(32.5) 50(24.2) 237 0.124
BRI (Problem solving) 33(26.2) 48(23.2) 0.24 0.626
N A-#L% (Personal-social) 43(34.1) 44(21.3) 6.07 0.014
2481 (24 months)
n 87 160
338 (Communication) 35(40.2) 36(22.5) 7.80 0.005
#HKEBHE (Gross motor) 8(9.2) 8(5.0) 1.02 0313
FEABEN{E (Fine motor) 27(31.0) 35(21.9) 2.05 0.152
fi# )R] (Problem solving) 9(10.3) 19(11.9) 0.02 0.879
N A-4t2 (Personal-social) 12(13.8) 17(10.6) 0.28 0.595

24 FFHEMITEKES 6~24 BSR4 LHEITRE
BERERXE

GEE AR ETR, RIEWMTEF, TF =) L9, B
TTEBANBCKRESIEM 1 MU LEE (interquartile
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range, IQR) , As 5IABREEX MR DFEXLAERE
RS A EEE f5 LB EE(odds ratio, OR) B¢ H 95% B 15X
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(1.10~2.20) ; Sb SHEMcHEREX MR RIRFEX LT
FENKIEES orR H 95%Cl 73579 1.44(1.00~
2.07)F0 1.76(1.09~2.84) ; Se SABREXLZERENX
M2 EEE S OR M H 95%CI /9 1.37(1.09~1.74) o RIE
TN TRS BRI BETALRBRENXEE
FITFERNX. WA 1,

&7%)L(Preterm birth) ¢ 8 JL(Term birth)

338 (Communication) | 1.75 #H K EH1E(Gross motor) |
2.0 = .
* 1.50 ‘ ‘
1.5 1.25 ‘ L ‘ | J
1.00 - -
mMM}**HOJSXTfr
wwwwwwwwww osot . . . L

MnCu Zn Se Sr Fe Sb Tl Pb As
FBAMTHE(Fine motor) |
*

MnCu Zn Se Sr Fe Sb Tl Pb As
fRRIEIRA(Problem solving) |
*

w

= 2.0

MnCu Zn Se Sr Fe Sb Tl Pb As

™ A-t1 % (Personal-social) |

MnCu Zn Se Sr Fe Sb Tl Pb As

1.50
2o |yl
1.00 ‘ ‘ ‘
ozs [ T I TT!
MnCu Zn Se Sr Fe Sb Tl Pb As
JTZ (Element)

[F(Note)] *: P<0.05,
1 FHmcRRES 6~24 BiREF™) L FER) L BETH
A BEFEHXEX
Figure 1 Associations between cord blood element
concentrations and preterm or full-term infants’
neurodevelopmental abnormalities at 6-24 months old
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RERIEI 11 1QR, As 5708 EEX M R 0] EEX
AXBSFEM OrR K H 95%CI 93 5 3 1.60(1.01~2.54)
A 1.98(1.13~3.46); Se 5/HBEEX . HANEBEX
M RN BEX A B R BB OR(95%C) 73 5l
1.81(1.22~2.70) . 1.72(1.03~2.86) 1 2.09(1.28~3.42) ;
Sb 5#H K ohERE X M AR R B &L BE X BY OR(95%C) 73
%9 1.70(1.00~2.87) 1 2.71(1.11~6.63) > LEo, K I
Pb Xt MR =) LEAREN B MRS~ LA =8
X F# X2 [ xBk, OrR(95%CI) 43 3! /9 0.82(0.70~
0.96) # 0.86(0.76~0.98) , BM AR EMEAITFE o
WE 2

¢ B (Male) ¢ Z(Female)

#H A EHE(Gross motor) |

7838 (Communication) |
%

MMH

! ‘ H”
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Mn Cu Zn Se Sr Fe Sb Tl Pb As
¥EABTH1E(Fine motor) |

* *
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L I A LA SN L A R ORI
Mn Cu Zn Se Sr Fe Sb Tl Pb As

R RB) & (Problem solving) |
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BN WD
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Mn Cu Zn Se Sr Fe Sb Tl Pb As
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Mn Cu Zn Se Sr Fe Sb Tl Pb As

N A-#%(Personal-social) |

H “l‘lm}\\*w

[N H‘
Mn Cu Zn Se Sr Fe Sb Tl Pb As
JT2(Element)

[

OR(95%Cl)
N
o N B O

N

[N

[F(note)] *: P<0.05
2 R RRES 6~24 AR ARRIMRIE~) L HEITH
A BEFEXEX
Figure 2 Associations between cord blood element
concentrations and sex-specific preterm infants’
neurodevelopmental abnormalities at 6-24 months old
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HIERR T B Mo RKFESE) LHER 6. 12 1 24
BREEITARERENXRE, HILREER™) LM
EBHILEMES, FER AL, FFH I As. Sb. Se K
RS R~ I HERHETALERE XNKIENHE
X, BB RELZUERS ) LFABRITER N, 'R
HBRTERILMEME™)L, ZRITEREENLMER
=) LEIT R A BRIR I BT ER K.

BEF IR ZREE, B r=Xd % BT 2240 ) LBSIAED. 1B
EMEmsA B MEENY, AAREINREE
FILEEXABRELRIETEAIL, BRESS
EXAZBEMEERITFERN XAf3IEFHEEAEM
RE BB LEINAORITEESEREF)L
HBEE A+,

As B—MEEMNEEEY, TR [ HELE
EEENAEE . 5UEMRMAL, KRR
M As JREE (R HERE 1.55 pg L) SEIRN S8 ILT
(1.87 pg L) W HIAL R A B BIFAZ(1.53 peg-L ™) 48
Y, (K F HA—I5(3.68 pg-L™) ™\ shipFAZ KA,
181 As RE T SBARM AR, H5iE51% S8
1ZFERSE X, Z Nl E — I Fl AR BA T B ST R BARF
I As. Mn FI Pb IER{A R BEK XY 20~40 B#R )L
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BFINABAEFTM, As JRE R ESEMEEFY, B
5L REA, PRI AR As REZ) LEHTIEH
HMEBNEBIR", AT, 8 As RESF™) L
ZITNEBXENIEESR. ZHR LD As
5@MRRNEEX LA BERENQEEERX, BE
W2 As MEBRBMBSG, FALER As BEL
BENTRBEBEIE N LER As RESBHZLAERE
B TR~ LA B A E, KW As BEL
BENHEXT BB LA AR E, FTRER As BBEF) L1
ZTHEBRENREEZ —

R A BETHEI sb 5% 7 ) LS4 /EMARR
RAEEX A BRE EIEHEX, shif5%PE, sb AT 8E
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e, AR T A RTER. B, AHRF
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Rt TR MEIT AR B XERRRRE; B,
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BRREXRIBE MR 7T, AR RERNAI BT B
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TFER FFENTENES) LBERHRZTALKEN
TMENAE, BEERLMR) L HE XEK, %
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