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Association between arsenic exposure and spontaneous abortion:

a review of epidemiological studies
PEI Hang, MA Zhibin, LIAO Jiyun, YANG Chen, LIU Xingrong
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Abstract: Arsenic and arsenic compounds have been listed as one of the toxic and harmful environment pollutants, and
drinking, seafood intake, use of skincare products and inhalation of tobacco smoke are main routes of exposure to hu-
man arsenic exposure. The adverse effects of arsenic on pregnant outcomes have been paid much attention. Prenatal ex-
posure to high—level arsenic has been found to increase the risk of spontaneous abortion among pregnant women. Based
on national and international epidemiological studies on the correlation between arsenic exposure and spontaneous abor-
tion during the period between 1992 and 2020, we review the association between arsenic exposure and spontaneous
abortion and describe the mechanisms underlying spontaneous abortion caused by arsenic exposure, so as to provide in-
sights into early prevention of spontaneous abortion.

Keywords: arsenic; spontaneous abortion; pregnancy outcome

FART ™ 48242 28 JARTAEAE AN ZAEH T
WIRZE, HIRJLAE AR 1000 ¢ MBS . A5
LI BTITEON e F WY /S Vi 1790 a1 O & ] B2
T E SR KU U H A AT R R S AR
W= Z ARAETE I B0 B W38 5 DL K i
e R I WL 5 55 KT B (R As , (EAH A T A4
ML RIS b i & i, ROFH KBRS i I AR
YHE O M A F A AR AR I 1 B SE R KT 1, R L
TS A RAIEIRSS R 2 6 R M AR5 20z AT,
A A 57 1 B A UK 5 1 T 2T 3 R Y UE R S
P AR 1992—2020 4[] [ 5 R i AT

DOI: 10.19485/j.cnki.issn2096-5087.2022.10.008

E€WE: WA R E SRS (202D017) ;5 22 0K
T LIARME (20184F)

YEE®IT: B0, DL ATERL

BIEEE: X245, E-mail: liuxe@lzu.edu.cn

THEEIFESCHR, MR R ER - AR Z I8l A T
KRERBEATERIR, IO HRNT I 25 3 20 B AR T I AL
i, ERI B S R S AR

1 WEZFREMRE

Bz oA THboe, BHE K. 678 HWAA
PRI LURERAAAE R BB . BRAG TSP 00 R TCHLAR A
AHLE, ARFZ LI TE M T =S A RS
7 KA —— R AN A R A A . ToHLA 25
22 WL 2 MR K R B e L DX, B Az ] L D
JEE DYk NS R A AL AT KB s A LA (A
fft ) RS WIH A A A B T i R o LA
etledh, FEARRRTS Qe I, AR | SRR
HLHERCY, AR 1 i 2 A SIS e iR 1) B

7. 7-8
e

AT LA AT | PRIE R PR E AN, il



- 1012 - BT 20224F 10 A4 34 #5510 Prev Med, Oct. 2022, Vol. 34 No.10

PEA MRS SE S AL A A&, FHREIMLRA1 #) 4521
QUAVE . BT, MRERSYIIE SRR, IR
fifl . JBRIAE (k) HVER, HErb i AR R R AR
i g AR S S AL e A A Rl e T . AFRER
W1, 2= 0Rh N AR FR A AR | 2N R R L R
b BRI XA

2 WEERSAARTXENRITREAR

21 Hya@AR EHNTEIRES YA, M
TIEW AR AR YE, 2R AR B S 2
FE T EWRBE IR . BE . BREIUERA G WIRIAE
5T AR T IEH 2 R bk, [RAER B, [ )5
(TG BA L™ A LI A 7K OSP4 1 o

E MR TR 5 AR R R /R ZE .
SEN &5 " FEENEE A9 — I 5T R BH ,  DROFH /KA B 4
f (>10 pg/L) S58AE (<10 pe/L) BZ= AL,
KA BRI XS 3R . BORZSONYI 45 ) 7E4q)
ZF AR e 0 ) — TR FH 7K e 2 B X G Ui 485 S P i
FERW], Zrid kA AR5 1 000 513 7 1 LAl
TEM R (A >0.1 mg/L) MIMKRE (i
JE<0.1 mg/L) HLIX 735128 69.57% F1 51.14%, H2%
SRS L BRI T R R R
S, R SR K RS A Y, R
FREE b Fe iR AR K AR B2 AR Ry % B e by R 1 AN
FEME; FIRHZRFR I T e ey se . AEiE =it
ST HA T AL IFIE XS 5, RESE A Ho o A
FREE S 2 A SR Z BN e . 5 2 AR 2
AHMAD %5 " 7 i r [l A8 — S0 I e A 5 K- 10
JKAHEJE>0.1 mg/L F1<0.02 mg/L Lo 43 5190 A2
FRAMAE RGN, 45RRBEAMIEREARAEA
SR =5 1 000 M1 7% 7= 09 b 53 51 ok 68.8% HN
23.7%, ZS5A G L. MILTON &5 "7 78 &
7 ) — TOUR T TET AP 8 SRR T, EROFH K B B A ey
SR A AR R, i H R AR A, X
— XU . AT BORZSONYI 509858, %0F9%
o BRI & R AR RIS S SRR R ER , IF
TI T R A R 3 (R] A A At B2 R Rt ],
TEAG IS ff

VON EHRENSTEIN 4§ "' 750K FH /K fif 5 Y 7 i
(4 RE P i L b X T e T — TR T A o, A
TZPEASE— IR IR /D 6 A H BT A K 2
EE s, DA B bR R KT . 2R
K, ZEPE OB R TR K R e R 5 B XU A
K, M5 HARG™ RS K

IRRTEAE RS R R R R . e, BT AT
O E M AR R A R IR P O R, B RR R 2
R AR HARU ™ Z AT HAK, R KSRk B2 1 A1
TR FRARHRIT AN REMERA S WA 58X G2 A P A (1) L5 97 g
N N E 15 71 g U o G D ¥ 0 R
B, RREEHAR, WRBAAN R X KE
STHER, VDRGSO, BT IRE R
TR LM 4 B FR Rt 3, FTREFEALE [RIL
P fAr R4 B 25
2.2 JAPIBAFR BLOOM %5 1) {E % g iV A4~
5~20 JARA HART YRR I, B R iR %
PR BRI TR I BRI T, 4539 W AR K i
FERR (<10 pg/L) B, GREEIFARER I A AR ™
(0 A AR . ZRRNB A 20 LA R A AR U= R A
WL, IEH ARG X B, 43T i b e e
S EMARFUEEER, SRER, RO g
A A LA I 5300 h 1.68 pe/L (95%CI: 1.50 ~
1.86) £ 1.26 pg/L. (95%CI: 1.17 ~1.37), JxflH i
T B (8 X IR AL PR T R AR R . AT
IRRFEEORNGE 5 AR B m e, A R
F (>1.50 pe/L) H58AE (<1.00 pg/L) AYZEF=10H
Ho, ASBHJR R & I 1 HOs RURE OR B 2.56
(95%CI: 1.06~6.24),

2.3 FAFIATR  RAHMAN % U xFdhndiE 29 134
AT T R B ST IRES R BRI 5, 455 Bow
SRR T E <50 we/L IIZR P24k e, AR K A
W HE>50 pe/L W22 7710 AR SN T 14%
(RR=1.14, 95%CI: 1.04~1.25). SHIH % ™ %1
PRI S 18 DR SRR B AR Ay S Wb X 4 7 R U T
K. BYRESNERERGETER, R
TT7 TGS, SERFH, B = i pR ik B
(>555 wg/g MEF) G RAEIRES R (6 UL
e OHRTTESE) K (OR=1.59, 95%CI: 1.02~
2.46). SR, RAHMAN %5 b e 2 924 44248
AT B BRI TSR 45 50 s, TEJREE TS 2545
Py ZETPERIEFRRNS , SIRRAIRE (<33 pe/L)
M, BERIHREE (249 ~ 1 253 pg/L) AL
I A SR KBS o AT LA TR (42 8 JE])
R B BEAC MR B R K, ELaindr = &4 b
() REE A2, TREXT A2 20 ~ 50 pe/L B FREHIR
TR AR MR 2 A T 1) i R 5 1R Ll
FEHEE . AHMED %5 ™ XF 1 616 4422 I 52 52 52
(R RTREME AR TR AN TiX— A o TR B ER
PRBISTRL 3 T UOKAR . PREPS B 5 AT IRES



FRGFEES: 20224510 %6 34 551080 Prev Med, Oct. 2022, Vol. 34 No.10 - 1013 -

JRZ B, S5, TR . BEEH
HMEARAFRERNRE, AR KSR
HARXF BN 1 AN, H AR RN A fE R He
1E2# 25~28 Ji e (HR=1.7, 95%CI: 1.4~22);
LRI AR, SEIRAL. R E A,
MR IRV T A ] B B i 2 5 0 BF (A 4 R 1 52 1
X T o A R i T EOR RS 4 R B HL R A R
y= '

KT WOl A 2 2 P T SR AR X A/, e
JE /N 4 B (ASGM) i 8 &2 WF 93 %5 hy i o8
NYANZA 45 27 fy BRI 55 L9 A T 961 4 &Pk
(FRFZ4H 788 A, XFHEZH 173 N), ¢ &2 BT R
ghfRy . AEFNOR, FREEALPER T PR A N
9.4 pe/l, WBEETXIRHLIER 6.28 pe/l; IR
ZEPEAE K SR AR X XU 2 X B ALY 1.53 1%
(RR=1.53, 95%CI: 1.28 ~1.83),

3 MRFESHEARSTHIVE

AT AT o, KA R R v A AR
FEF= B AR LA T KBS 3G I 122 SR M, A B R 3K
AN RAEURES SR A E FRLE H AT A+ Bk . AT
WY, M SHUEARIAHEA R, BmAE N, &
A AN R, T R AR > A
T AR A R AR R AT AR T AR R BRI
SN A AT RE SRR G R B BB AL 2 — P
it 14 5 P A P A £ 45 e AT o b 5 M, 4
K, MR RAMPET: B TR DNA DIBRE R
i) J 3l FH AR RS 2R i 208 5 0 A B ML
BEMEAE IR 27 10 -5 N Al S R R iR L &
SCHER, 233 PP AN RIEIRES i A

Ji4b, e — PP AR SR, RS2 R
i — AR - S2 Rt A R T DR, A S2 R A A Ry
W, SLEREFRE TR, WRESRBURMIETE T K
g A AL TR R R R AL S . K
SN SER R, =Rk RS SRR A A A £
ANBrE, AAEN R AIMTRS . SR, AT
P—FIN S5 MG S0 7, QR s m e
N A K A7 (vascular endothelial growth factor,
VEGF) [#ik ™, VEGF nJ 5§ 5 fie i o Bz 40 i 3
SABETE I A0 M A AR, YA S VEGE £k
AR, BH N AR BB S S5, RA i
B, 0 L P R A Al — AR T R
A, ARG S MBETE A L, IR BT
SECHRT . CHIOU 46 W7 B R, =4 —

AL YA/ BRSSP R [ s S B e KO, &
BT AN . AERENE S ORI 108 Ok
TR, CESAR 25 ™ & Wistar K B K A
RRIE SRR A, 51T E R 42
H, SECEIURE ST A S0, BT
WEE, 27 2T B RS AR A, SR
B8R
4 % iE

H AR Z5iF 5t £ R RS A R = AA e R
B, BRI SIOMA = 0% A F AR = IR ;. (H
B EI RGN N T Z RIS Bk . AFIE 45 A 5
FiME AT RE SRS HLIX . DFFREA | BRSNS R R R
PREYIFRIRFA . IR0 R TR S5 3R
FEZ RN OGS, T5 L —25 RIS 5T /KT
IR FB ARG AL . AR Z L
PR RSB AR X —AE N L, (AfhRGRELS
X RPN R, MR R L
A AR Z 8] AT B AT ST, LAE 4 TA
PR AR =00 H AR 2 (R A Sk

S 3k

[1] CONCHA G, VOGLER G, LEZCANO D, et al. Exposure to inor-
ganic arsenic metabolites during early human development [Jl.
Toxicol Sci, 1998, 44 (2): 185-190.

[2] HALL M, GAMBLE M, SLAVKOVICH V, et al. Determinants of
arsenic metabolism: blood arsenic metabolites, plasma folate, co-
balamin, and homocysteine concentrations in maternal-newborn
pairs [J] .Environ Health Perspect, 2007, 115 (10): 1503-1509.

[3] MILTON A H, HUSSAIN S, AKTER S, et al.A review of the ef-
fects of chronic arsenic exposure on adverse pregnancy outcomes
[J/OL] .Int J Environ Res Public Health, 2017, 14 (6) [2022-
07-17] .https://doi.org/10.3390/ijerph14060556.

(4] %302, PR, SKGE, 5 . Wl ie-risi e S ik
MERGRZHA 17 Mot ()] . By, 2022, 34 (5): 534-539.
XU W Z, LUO Y C, ZHANG H J, et al.Determination of 17 ele-
ments in placenta by microwave digestion—inductively coupled plas-
ma mass spectrometry [J] .Prev Med, 2022, 34 (5): 534-539.

[5] RAHMAN A, PERSSON L, NERMELL B, et al. Arsenic expo-
sure and risk of spontaneous abortion, stillbirth, and infant mor-
tality [J] .Epidemiology, 2010, 21 (6): 797-804.

[6] QUANSAH R, ARMAH F A, ESSUMANG D K, et al.Associa-
tion of arsenic with adverse pregnancy outcomes/infant mortality: a
systematic review and meta—analysis [J] .Environ Health Perspect,
2015, 123 (5): 412-421.

(7] ABL, Hrikss, Wl . RIS R AR KR LAY BAT
KT [J] . PEEBEZGS, 2010, 12 (11): 1485-1489.
ZHU H, CAO L L, YANG Z J.The impact of heavy metal expo-



- 1014 -

R E2: 20224F 10 H 45 34 B 1010

Prev Med, Oct. 2022, Vol. 34 No.10

[13]

[17]

[19]

sure on mother—infant health during pregnancy and its related fac-
tors [J] .Chin J Med Doct, 2010, 12 (11): 1485-1489.
BEAESS, m Rlr . DS ORI K A T R X
PEAG (D] . BIBFEE, 2021, 33 (9): 951-954.

LIAO Y F, YE J, YANG Y Z.Health risk assessment on chemi-
cals in urban drinking water in Zhaoqing [J] .Prev Med, 2021,
33 (9): 951-954.

TR, IR0 . BRERS N R p N R [T L vb e R I
%%, 2013, 6 (4): 387-390.

QIN L M, SU X.The method overview of determination of arsenic
in urine [J] .Chin J New Clin Med, 2013, 6 (4): 387-390.
TR . ROl PR R i T REOKST SO R B sE (D] .
W] RUIERRY, 2016.

DING N N.Study of urinary arsenic and influencing factors in work-
ers of arsenic exposure [D] .Kunming: Kunming Medical Univer-
sity, 2016.

o o B R N B e T B o S DR AR S RN
RS RN ARG EFRATTE (D] . dbat: ol i b 2 ol
s, 2019.

LI'Y Y.Study on association of heavy metals and phthalates expo-
sure and oxidative stress with unexplained recurrent spontaneous
abortion [D] .Beijing: Chinese Center for Disease Control and
Prevention, 2019.

WANG R, ZHANG L, CHEN Y, et al.Elevated non—essential
metals and the disordered metabolism of essential metals are associ-
ated to abnormal pregnancy with spontaneous abortion [J/OL] .En-
viron Int, 2020, 144 [2022-07-17]  https://doi. org/10.1016/j.
envint.2020.106061.

R, BRMFY, SRR, AR LMV, BELOBL. WL ESE
i TR AT B = S i se (] . e gl ae
2020, 24 (4): 489-492.

XIEL A, YAOJL, ZHUTY, et al.Study on the effect of trace
elements such as copper, zinc, nickel, iron and manganese in se-
rum on the missed abortion [J] .Chin J Dis Control Prev, 2020,
24 (4): 489-492.

SEN J, CHAUDHURI A B.Arsenic exposure through drinking wa-
ter and its effect on pregnancy outcome in Bengali women [J] .
Arh Hig Rada Toksikol, 2008, 59 (4): 271-275.

BORZSONYI M, BERECZKY A, RUDNAI P, et al.Epidemiologi-
cal studies on human subjects exposed to arsenic in drinking water
in southeast Hungary [J] .Arch Toxicol, 1992, 66 (1): 77-78.
AHMAD S A, SAYED M H, BARUA S, et al.Arsenic in drink-
ing water and pregnancy outcomes [J] .Environ Health Perspect,
2001, 109 (6): 629-631.

MILTON A H, SMITH W, RAHMAN B, et al.Chronic arsenic
exposure and adverse pregnancy outcomes in Bangladesh [J] .Epi-
demiology, 2005, 16 (1): 82-86.

VON EHRENSTEIN O S, GUHA MAZUMDER D N, HIRA-
SMITH M, et al.Pregnancy outcomes, infant mortality, and arse-
nic in drinking water in West Bengal, India [J] .Am J Epidemi-
ol, 2006, 163 (7): 662-669.

BLOOM M S, NEAMTIU I A, SURDU S, et al.Consumption of

[22]

[26]

[27]

[28]

low —moderate level arsenic contaminated water does not increase
spontaneous pregnancy loss: a case control study [J/OL] .Environ
Health, 2014, 13 [2022-07-17] .https://doi.org/10.1186/1476~
069X-13-81.

ZbE, BRERsC, Big, S SRR S R A AR G
HRA G B IEAITSE ()] . Ay R a2 20, 2019, 53 (5):
470-474.

LI Y Y, CHEN S W, ZHAO F, et al.Association of arsenic with
unexplained recurrent spontaneous abortion: a case—control study
[J] .Chin J Prev Med, 2019, 53 (5): 470-474.

RAHMAN A, VAHTER M, EKSTROME C, et al.Association of
arsenic exposure during pregnancy with fetal loss and infant death:
a cohort study in Bangladesh [J] .Am J Epidemiol, 2007, 165
(12): 1389-1396.

SHIH Y H, ISLAM T, HORE S K, et al. Associations between
prenatal arsenic exposure with adverse pregnancy outcome and
child mortality [J] .Environ Res, 2017, 158: 456-461.
VAHTER M E, LI L, NEMELL B, et al. Arsenic exposure in
pregnancy: a population—based study in Matlab, Bangladesh
[J] .J Health Popul Nutr, 2006, 24 (2): 236-245.

LINBERG A L, EKSTROM E C, NERMELL B, et al. Gender
and age differences in the metabolism of inorganic arsenic in a
highly exposed population in Bangladesh [J] .Environ Res, 2008,
106 (1): 110-120.

AHMED S M, NOBLE B N, JOYA S A, et al.A prospective co-
hort study examining the associations of maternal arsenic exposure
with fetal loss and neonatal mortality [J] .Am J Epidemiol, 2019,
188 (2): 347-354.

NYANXA E C, BEMIER F P, MANYAMA M, et al.Maternal ex-
posure to arsenic and mercury in small-scale gold mining areas of
Northern Tanzania [J] .Environ Res, 2019, 173: 432-442.
NYANZA E C, DEWEY D, MANYAMA M, et al.Maternal expo-
sure to arsenic and mercury and associated risk of adverse birth
outcomes in small-scale gold mining communities in Northern Tan-
zania [J/OL] .Environ Int, 2020, 137 [2022-07-17]  https://
doi.org/10.1016/j.envint.2019.105450.

RAHMAN A, KUMARATHASAN P, GOMES J.Infant and moth-
er related outcomes from exposure to metals with endocrine disrupt-
ing properties during pregnancy [J] .Sci Total Environ, 2016,
569/570: 1022-1031.

FLORA S J.Arsenic—induced oxidative stress and its reversibility
[J] .Free Radic Biol Med, 2011, 51 (2): 257-28l.

WIHRE . 2 41 B 4 o e 0 ) TR ST A e 24 ) #9552 Wiy B LML A5
[D] . dbnt: JESHRRIER2BE, 2020.

OU J.Exploration of effects of heavy metals on early pregnancy out-
comes in pregnant women and its mechanism [D] .Beijing: Pe-
king Union Medical College, 2020.

ZHANG T C, SCHMITT M T, MUMFORD J L.Effects of arsenic
on telomerase and telomeres in relation to cell proliferation and
apoplosis in human keratinocytes and leukemia cells in vitro [J] .

Carcinogenesis, 2003, 24 (11): 1811-1817.

(TH% 1019 ™)





