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Abstract:

[Background] Neural tube defects (NTDs) are a group of severe birth defects caused by both
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genetic and environmental factors, and in addition to maternal folate deficiency, other risk factors remain to be explored. Previous
studies have found that high levels of methylmercury (MeHg) and total mercury (T-Hg) in placental tissues increase the risk of NTDs. In a
case-control study evaluating the association between prenatal mercury exposure and the risk of NTDs by detecting the concentrations
of MeHg and T-Hg in umbilical cord tissues, it is necessary to determine whether the MeHg or T-Hg in umbilical cord tissues is affected by
gestational age because of the significant difference in gestational age between two groups. But to our knowledge, only one related study
with a small sample size is available.

[Objective] This study is to compare the concentrations of MeHg and T-Hg in umbilical cord tissues of fetuses with NTDs at different
gestational ages, evaluate relationships of gestational age with MeHg or T-Hg, and describe the metabolism and distribution
characteristics of MeHg and T-Hg in fetuses.

[Methods] Automated methylmercury system and manual total mercury system were used to measured MeHg and T-Hg in frozen-
dried umbilical cord tissue samples of 177 fetuses with NTDs who were diagnosed prenatally or at birth. Median (M) and interquartile
range (Ps-P;s) were used to describe the average level and dispersion of MeHg and T-Hg (ng/g, in terms of dry weight). According to
gestational age, the samples were divided into four groups (13-23, 24-29, 30-35, and 36-43 weeks old) to compare MeHg and T-Hg
concentrations. Spearman rank correlation was used to evaluate the correlations of gestational age with MeHg and T-Hg concentrations.
Multivariate linear regression was used to evaluate the relationship between gestational age and MeHg concentrations after natural log
transformation, adjusting for confounders including maternal age, education level, occupation, year of induction labor or delivery, and
drinking alcohol and consumption of seafood during pregnancy.

[Results] The MeHg and T-Hg concentrations in M (P,s-P5s) were 1.99 (1.30-3.20) ng/g and 5.85 (4.11-8.48) ng/g, respectively. The MeHg
concentrations among the four groups of different gestational ages were significantly different (P=0.015), and raised from 1.73 ng/g to 3.04ng/g
with the increasing of gestational age. Gestational age was positively correlated with MeHg concentration in umbilical cord (r,=0.188,
P=0.012), and after adjusting for maternal age, education level, occupation, year of induction labor or delivery, and drinking alcohol and
consumption of seafood during pregnancy, MeHg concentration in umbilical cord still increased with older gestational age (b=0.024, P<0.001).
The accumulation trend of MeHg consistently existed in male or female NTDs fetuses and spina bifida subtype. No significant difference in
T-Hg concentration was found among the four groups of different gestational ages.

[Conclusion] MeHg might accumulate in the umbilical cord tissues of NTDs fetuses in a gestational age-dependent manner, but T-Hg
concentration does not follow such pattern.

Keywords: umbilical cord; methylmercury; total mercury; gestational age; neural tube defects
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Table 1 Characteristics of fetuses of different gestational ages and their mothers

514 () (Gestational age, weeks)
L (Characterisics) ?gf:(s;;') 13~23 (n=45) 24~29 (n=52) 30~35 (n=43) 36~43 (n=37) P
Fifg (%) (Age, years) 0.979
17~ 65 (37.1) 16 (35.5) 18 (36.0) 18 (41.9) 13 (35.1)
25~ 51 (29.1) 12 (26.7) 15 (30.0) 13 (30.2) 11 (29.8)
30~42 59 (33.7) 17 (37.8) 17 (34.0) 12 (27.9) 13 (35.1)
XI2E® (Education level) 0.479
INEFRUAT (Primary school or below) 19 (10.9) 5(11.4) 4(7.7) 6 (13.9) 4 (11.2)
#5 (Middle school) 115 (65.7) 24 (54.5) 38 (73.1) 27 (62.8) 26 (72.2)
B L E (High school or above) 41 (23.4) 15 (34.1) 10 (19.2) 10 (23.3) 6 (16.7)
BVl (Occupation) 0.536
RE (Farmer) 131 (76.2) 30 (68.2) 38 (77.6) 34 (79.2) 29 (80.6)
HAth (Others) 41 (23.8) 14 (31.8) 11 (22.4) 9 (20.9) 7 (19.4)
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HR1
$F1E* (Characteristics) &6 (Total) Balf () (Gestational age, weeks)
(n=177)  13~23 (n=45) 24~29 (n=52) 30~35 (n=43) 36~43 (n=37) P
Z2g1 BMI® (Pre-pregnancy body mass index, kg/m?) 0.163
<185 12 (6.9) 3 (6.7) 3 (5.8) 5(12.2) 1(2.8)
18.5~ 81 (46.6) 26 (57.8) 22 (42.3) 19 (46.3) 14 (38.9)
24.0~ 60 (34.5) 14 (31.1) 21 (40.4) 13 (31.7) 12 (33.3)
>28.0 21 (12.1) 2 (4.4) 6 (11.5) 4(9.8) 9 (25.0)
S| D EM () (Year of induction labor or delivery, year) 0.002
2004— 54 (30.9) 5 (11.4) 12 (23.5) 21 (48.8) 16 (43.2)
2010— 62 (35.4) 19 (43.2) 17 (33.3) 14 (32.6) 12 (32.4)
2013—2016 59 (33.7) 20 (45.5) 22 (43.2) 8 (18.6) 9(24.3)
2R (Gravidity) 0.176
1 72 (40.9) 23 (51.1) 18 (34.6) 20 (46.5) 11 (30.6)
>2 104 (59.1) 22 (48.9) 34 (65.4) 23 (53.5) 25 (69.4)
=R (Parity) 0.494
1 101 (58.4) 27 (61.4) 29 (56.9) 28 (65.1) 17 (48.6)
>2 72 (41.6) 17 (38.6) 22 (43.1) 15 (34.9) 18 (51.4)
RZ=1EEBEHER (Pregnancy in heating season) 0.257
& (No) 81 (46.6) 22 (52.4) 29 (55.8) 16 (38.1) 14 (38.9)
=2 (Yes) 93 (53.4) 20 (47.6) 23 (44.2) 26 (61.9) 22 (61.1)
ZEAMEHIRIR (% /JB) (Passive smoking during pregnancy, times/week) 0.979
<1 64 (38.8) 16 (38.1) 18 (36.7) 17 (40.5) 13 (40.6)
>1 101 (61.2) 26 (61.9) 31 (63.3) 25 (59.5) 19 (59.4)
Z2HATRSE (Drinking alcohol during pregnancy) 0.366
% (No) 148 (86.0) 36 (83.7) 41 (80.4) 39 (90.7) 32 (91.4)
2 (Yes) 24 (14.0) 7 (16.3) 10 (19.6) 4(9.3) 3(8.6)
ZHRIRZE (R /) (Drinking tea during pregnancy, times/week) 0.500
<1 147 (87.5) 37 (88.1) 45 (90.0) 34 (80.9) 31 (91.2)
>1 21 (12.5) 5(11.9) 5 (10.0) 8(19.1) 3(8.8)
ZHRIR S (R /) (Consumption of seafood during pregnancy, times/week) 0.107
<1 133 (76.4) 37 (84.1) 39 (76.5) 34 (80.9) 23 (62.2)
>1 41 (23.6) 7 (15.9) 12 (23.5) 8 (19.1) 14 (37.8)
EIZERiEALE EYF® (Exposure to toxic substances during pregnancy) 0.174
% (No) 167 (94.9) 40 (88.9) 49 (96.1) 41 (95.4) 37 (100.0)
2 (Yes) 9 (5.1) 5(11.1) 2(3.9) 2 (4.6) 0 (0.0)
5) L1E5! (Gender of fetuses) 0.951
% (Male) 80 (49.1) 20 (50.0) 23 (46.9) 20 (52.6) 17 (47.2)
Z (Female) 83 (50.9) 20 (50.0) 26 (53.1) 18 (47.4) 19 (52.8)
FEBERRPETEY® (Subtype of NTDs) 0.137
FohuESAZ (Anencephaly) 49 (27.7) 15 (33.3) 16 (30.8) 13 (30.2) 5(13.5)
E1EZ (Spina bifida) 114 (64.4) 24 (53.3) 33 (63.4) 29 (67.4) 28 (75.7)
A%t (Encephalocele) 14 (7.9) 14 (13.3) 3 (5.8) 1(2.3) 4 (10.8)

[3F] a : ESOEHEFTERRK(E ; b : AHBILLEKA Fisher LI ER %, HREF Pearson 2 101,
[Note] a: There are missing values in some characteristics; b: Fisher’s exact probability test is used for the comparison among groups, and Pearson x? test
is used for comparison if not indicated.

2.2 FERRRARFFARPERSEREE MNZE 3.04ng/g (P=0.015) ; ERREEEAFRE B

NTDs B) LIFH AR REREENM (Ps~Pis) I ABEFELHITEEN (P=0.475), BTN
1.99 (1.303.20) ng/g, DR B E /9585 (4.11~848) ng/ge  BMENTDs B) | PEEI—BMER, LM E) LIFHA
FREBRAFFALBERERSZRNEENRK2. B LRERSEETFAERBAEBNERELRITERS
ERRIRIE K, FHALPHREREEM1.73ng/g1E (P=0.335)
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K2 TRMRKRIPHEERAEE) IFHAARERSEREE (ng/g, UFEIT)
Table 2 Concentrations of MeHg and T-Hg in umbilical cord of fetuses with NTDs in groups of different gestational ages (ng/g, in dry weight)

PO Bats (/3) FELSR (MeHg) R (T-Hg) FESR / B5R (MeHg/T-Hg, %)

Subjects Gestational age (Weeks) n M (Pas~Pss) p n M (Pas~Pss) p M (Pos~Pss)

L ERBEERRPE (Total NTDs) 13~ 45 1.73 (1.31~2.80)  0.015 41 6.72 (4.32~10.4)  0.475 31 (15~44)
24~ 52 1.87 (1.23~3.03) 44 5.69 (4.09~8.71) 36 (19~54)

30~ 43 2.36 (1.17~2.92) 42 6.16 (3.50~10.3) 34 (20~55)

3643 37 3.04 (1.81~4.36) 37 5.70 (3.95~7.21) 61 (35~69)

B4 (Male) 13~ 20 1.87 (1.25~3.10)  0.037 19 6.72 (432~11.3)  0.942 27 (13~45)
24~ 23 1.81 (1.26~3.03) 19 5.40 (4.20~8.63) 36 (23~55)

30~ 20 2.32 (1.02~3.04) 20 6.67 (3.86~10.3) 31 (18~49)

3643 17 3.04 (1.87~4.52) 17 5.69 (5.13~7.88) 53 (35~64)

Z4* (Female) 13~ 20 1.62 (1.26~2.52) 0335 18 6.00 (4.27~8.48)  0.547 34 (21~44)
24~ 26 1.93 (1.21~2.70) 22 5.10 (3.43~7.69) 39 (18~53)

30~ 18 2.13 (1.21~4.13) 17 6.46 (3.00~7.79) 36 (24~58)

36~43 19 3.10 (1.31~4.36) 19 4.61 (3.44~7.12) 64 (34~70)

BERIE (Spina bifida) 13~ 24 1.55 (1.18~2.46)  0.002 21 4.78 (3.45~8.48)  0.761 34 (22~45)
24~ 33 1.77 (1.26~2.66) 27 5.40 (4.20~8.80) 36 (18~55)

30~ 29 2.50 (1.53~2.92) 28 6.31 (3.66~10.3) 34 (21~56)

3643 28 3.15 (1.87~4.85) 28 5.90 (4.42~7.73) 61 (35~68)

UE] a : M5IERK 1461,

[Note] a: There are 14 missing values in gender.

2.3 B EFRFALSRERMBKREEN KR
LR M (R3), RIS FHHLSRER
B2 1EHEX (P=0.012) , HXZA#7H0.188 ; fRid S

R4 MARNRESFHEIARSHFARPERSEN
ZIEEYIAD

Table 4 Linear regression analysis of maternal characteristics and
concentration of MeHg in umbilical cord

BREETLHEFM (P=0.069), TERAIE SETH AL - EARK
N . - - Regression SE P
EREBEMNZMEEVIDTH, WNFTREREER Maternal characteristics coefficient
%; @,Tﬁ%?éﬁ’rﬁ@'ﬁ (15,% 4) I:P P<0.10 Egﬁﬂ?{‘yﬁ iﬁﬁg -0.021 0.009 0.017
A = g€
KBFNSEER (SREW. XWRE. B3I
HHBER. ZEGE) MAENRERR (ZHE  Gutonlew
<, —_ N LS (=K%
BEFEm, AR LERRAEG, RIRNDEFFTAHR i;ﬁpaﬁon 0218 0120 0073
HEREENEMEZE (P<0.001), HMAEZARTHIE -
4 BMI -0.008 0015  0.599
)R_F Héjllfl/q\/éi j( 1 }EI Eﬁ Eﬁﬁ%i m] 2.4% % 'l‘ﬂf Pre-pregnancy body mass index
J J . o
. S , SRR FEGR
5?’&%) LL/{&ﬁFE%mZﬁEP'f%E‘?u_:‘E:&éE% (%% 5) o Year of induction labor or delivery 0.028 0.015  0.066
A [ it = ot SR -0.074 0.106  0.486
R3 B SHEHALAPRER. BREEM Spearman fEX14 Gravidity
ﬁ*ﬁ FZ/)_’\ -0.125 0.106 0.240
Table 3 Spearman correlation analysis of gestational age with Parity
MeHg and T-Hg in umbilical cord R Z= 1 HYBEER 0.092 0105 0383
Pregnancy in the heating season ’ ’ ’
BRER (MeHg) B3R (T-Hg)
PO " ZHRR IR AE B
Subjects n ii?fiii;’ p n E)fei;‘%: p Passive smoking during pregnancy 0.025 0.107 0.817
coefficient coefficient ZHRTGH A8 DA RGER
SEIMEEHIA (Total NTDs) 177 0188 0.012 164 -0.142  0.069 Drinking alcohol during pregnancy . . .
B (Male) 80 0.243 0.030 75 -0.067 0.570 Qﬁﬁi’ﬂ§ . -0.011 0.156 0.944
Drinking tea during pregnancy
2% (Female) 83  0.164 0139 76 -0.162 0.163 A S, i iy o
BEIEHIE! (Spina bifida) 114 0.326 <0.001 104 0.035 0.726 Consumption of seafood during pregnancy : : :
D] a @ MERIERSK 14 6o EZ it B SR 0.009 0211 0.966

[Note] a: There are 14 missing values in gender.

Exposure to toxic substances during pregnancy
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Table 5 Multivariate linear regression analysis of gestational age and concentration of MeHg in umbilical cord

RIFE

RS

PUE Unadjusted Adjusted
. n "
Subjects EJEES EfEES-
; . SE P ) . SE P
Regression coefficient Regression coefficient
2EHAERRE (Total) 177 0.016 0.007 0.018 0.024 0.007 <0.001
BE® (Male) 80 0.022 0.009 0.021 0.027 0.010 0.007
Z%® (Female) 83 0.014 0.011 0.179 0.023 0.010 0.026
BHRERIE (Spina bifida) 114 0.026 0.008 <0.001 0.031 0.008 <0.001

UE] a  BEEFER. XUEE. Rk 5IFR0%ED. ZHICENZARAES R ; b | ERERK 1461,

[Note] a: Adjusting for maternal age, education level, occupation, year of induction labor or delivery, and drinking alcohol and consumption of seafood

during pregnancy; b: There are 14 missing values in gender.
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