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Phthalate exposure during pregnancy and its relationship with birth outcomes in Guangzhou
CHEN Ganne, HUANG Weiwen, LI Hongging, HUANG Wanping (Department of Health, Guangzhou
Huadu District Maternal and Child Health Hospital, Guangzhou, Guangdong 510800, China)
Abstract:

[Background] Phthalates (PAEs) are ubiquitous chemical plasticizers and are known endocrine
disruptors that are toxic to reproduction.

[Objective] This study aims to investigate the effect of exposure to PAEs on birth outcomes
among pregnant women in Guangzhou.

[Methods] The participants were 848 pregnant women from a premature birth cohort in Huadu
District, Guangzhou City from October 2017 to June 2019. Questionnaires were distributed to
collect the demographic information, lifestyle, and birth outcomes of pregnant women, and
maternal blood and cord blood samples were also collected after delivery. The concentrations
of five PAEs metabolites in maternal blood and cord blood were determined by high-performance
liquid chromatography-tandem mass spectrometry, including mono(2-ethylhexyl) phthalate (MEHP),
monobenzyl phthalate (MBzP), monobutyl phthalate (MnBP), monomethyl phthalate (MMP), and
monoethyl phthalate (MEP). The correlations of PAEs metabolites with the birth weight Z-score of
term infants, spontaneous premature, and small for gestational age (SGA) were evaluated.

[Results] The selected five PAEs were all positive in maternal blood and cord blood samples.
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The positive rates were all above 98.94% except for MBzP. The concentrations (geometric mean and 95% C/) of MEHP, MnBP, MMP, and
MEP in maternal blood were 11.48 (11.04-11.95), 27.50 (26.07-29.01), 1.98 (1.89-2.07), and 0.30 (0.29-0.32) ug-L?, respectively; while
the concentrations in cord blood were 6.78 (6.45-7.12), 36.22 (34.61-37.91), 2.54 (2.41-2.67), and 0.34 (0.33-0.36) pg-L™, respectively.
The concentrations of the four PAEs metabolites in cord blood were all correlated to the concentrations in maternal blood (P<0.001):
The largest correlation coefficient was for MMP (r=0.585), and the smallest was for MEHP (r=0.286). After controlling for pregnant age,
passive smoking time during pregnancy, pregnancy complications, and other related factors, the birth weight Z-score of the 747 term
infants was negatively associated with MEHP concentration in maternal blood (b=-0.129, 95% Cl: -0.219--0.038). In cord blood, a greater
MEP concentration was associated with a lower risk for spontaneous preterm (OR=0.655, 95% Cl: 0.436-0.985), but with a higher risk for
SGA (OR=1.574, 95%C/: 1.063-2.331).

[Conclusion] The pregnant women in Guangzhou are widely exposed to PAEs and intrauterine exposure level is high. Intrauterine

exposure to PAEs affect pregnancy outcomes by increasing gestational age while reducing birth weight.

Keywords: phthalate; metabolite; maternal serum; cord blood; birth outcome

SBZK — FAERES (phthalates, PAEs) B ZiBFEMN
LB, B LIS MRS @mPRY, THEER
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AR BTFINE, BEERELES. ARSM. £
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2B 7K — FA 8 B2 FA i (monomethyl phthalate, MMP) .
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BRI, BRI & AN BT AR MPAEs ST ) LI &
B, /NFBaEE) L (small for gestational age, SGA) 1 B
REFEZEIRIX R,

1 WREFZE
1.1 HARIR

2017 10 B —2019 & 6 BHBElE NN TEERX
B7=) LHEFIN 2T, PNTIRGE R 7RI > 24 .
BREFINZI, HibRZ R, SEha. HERBEFER
FEENZE, HRET 860X FFHMKEIRE, H
AR A E A SR FITIRM, 135 R E B MmN
SRWHRR, 7B HE AW HRR, B 848X BT

WANEKRIAR L AARIRE T INTEEBXT
MRERCIEZRSAHUE (HES : 201707010239) ,
FREHNBATIMNZEEEE T HIERES.

1.2 ARAZE

121 HERZ RABTRITNER, EH1RE, B
BERNERD SR TENEIFIKHIES, 5
NAEE  ZANEXREE. £FTHA. FikE
BT E) LB ARIE RS, MRIFEARTEZREA D EEILED
HITRE, ATIREXRESFEFHIKOAHIME 5mL,
FEHARERS 2h A, LL3000xg AR E B0 30 min
UABIE, SRERERGTIINEE MHEARIG
FRIQIOHL, BT 1E -80°Crk T RIEF o

1.2.2 PAEsHYIE R ABAEME Y. RRZEER.
= R AR B - BB B IE A B9 75 0A 2 T 5 Fh MPAES
(MEHP. MBzP. MnBP. MMP. MEP), 4K — g &
Bis A7 /S F £ [E AccuStandard A F, A BCHRid
8 5 # MPAEs tT/EMI B E N AR, IR E T
ZEUGRMERLRE, MARSIINESR, MEHF
IR AR IR ZEB S A S E Xk [9], 200pL M
BERMANBURERARR, BZRERGETIR, B
ZEMEAR (pH=4.66) BB, I\ B- HEEEIRES
AR 37°C 90 min, LUEE QNS 2P BIINEMETFIL,
FRZEERG RN , RASMRERE- S
BXFRIEE N E Z AT M 5 # PAEs R EIVI S E, NE
BHEBE Kato F W RHNAE, FHABEEAREAR
BB MR B IE{Y Nexera UHPLC LC-30A. [ SCIEX
\F] Triple QuadTM 6500+MS/MS RFEHITEE Do
MEHP. MBzP. MnBP. MMP. MEP B9 1 H R (limit of
detection, LOD) A 0.1pugL?, HNRFEERE (FEFR
“ORE”) EEIMAVRHRLLT, NREHA L0D//2,
AR B, FRARMEERRZE, BAKER,
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DRI, BERE ZITEDBHBRIRE/NTF 37 B&. &
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F A EpiData 3.1 BRI EUIREE, FUREHITTURA
ZE., BENE, AMEIRERFERAERH#ITYIE,
FA SPSS 21.0 I #H1THRIT DT SR RIERIF
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BNARRRAR, H—FIRIT MPAEs W IEHIRE R IR
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2 4
2.1 BARER

848 R I ENE 1 (28.3444.95) %, ZZHIBMI N
(20.513.01) kg'm?, Z2 HA 18 & (13.3624.31) kg, 316
% (37.26%) ZHANF =43, Bal (271.40+11.45) d
(197~289d) . #=h M MABY 81 FHZ2 /i (2.1746.62) h- & *
FHR D E 2 BEHASE 28 B R USRI (1.6445.85) h- & 7
A ) LHEMRENRN (3114.03+439.90) g, 747 HER)L
HEREZED F-0224077, BABETHEREERN
11.32% (96/848) , SGA Y& 7.55% (64/848) -

M 7& 8 PAEs X T4 bR T MBzP 9 (MBzP 44
ERME, RENSEND) , KEHEERS, SMIF
79 98.94%~100.00%, B I A 9 99.29%~100.00%, H
M MnBP BV K E fx &, MEP BYRE &1 ; PR MEHP A
MBzP b, EL{th 3 #1514 72 B I AP RO TR FE R i1 3=
F&imn., Mk 1.

2.2 Bm5ErMmE MPAEs i RENX R

X B MANET I AR AT MPAEs SREHITARFE O, 44
REREFMA 47 MPAEs REE S & I RYREHE
x, HEXRBE AR MMP, 570.585 ; &F//\& MEHP,
790.286 (39 P<0.001) » LABF A BY MPAEs BYREE /9
VTS, IR MPAES KE N BT EHTHELNE
B35 #7, LERERFTIA 47 MPAEs BIREZES
M MPAEs FOREEIGINTIE A0, SRi=HY0 MMP,
MAREIGIN— 847, AR REEIN0.658 &
il ; BAEEY9 MnBP, B AREEIN— DR, B
MAREE N0 0.290 MR (33 P<0.001) 0 TLER 2,

R1 848 BZIAMPAEsHEHIENR

Table 1 MPAEs detection results among 848 pregnant women

(] (Unit) : pgL?

&} (Maternal blood)

B¥ I (Cord blood)

A L S27 /0, A LLL 527 /0,
A I T A v e N T
MEHP 848 100.00 11.48 (11.04~11.95) 7.98 11.00 15.20 848 100.00 6.78 (6.45~7.12) 4.04 6.88 11.00
MBzP 58 6.84 0.07 (0.07~0.08) <LOD <LOD <LOD 62 7.31 0.07 (0.07~0.08) <LOD <LOD <LOD
MnBP 848 100.00 27.50 (26.07~29.01) 1490  25.40  47.73 848 100.00 36.22 (34.61~37.91)  22.13 34.05  55.68
MMP 844 99.53 1.98 (1.89~2.07) 1.38 1.98 2.90 842 99.29 2.54 (2.41~2.67) 1.65 2.56 4.09
MEP 839 98.94 0.30 (0.29~0.32) 0.20 0.27 0.40 846 99.76 0.34 (0.33~0.36) 0.23 0.31 0.45
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R2 848 FZIFFMANGTIM MPAES iR ERIAE X A& R L&
EIVER eSS
Table 2 Correlation analysis and simple linear regression analysis
of MPAEs concentrations in maternal blood and cord blood among
848 pregnant women
211 MPAEs >

MPAEs in maternal blood P b 9% R P2
MEHP 0.286 <0.001 0.358 0.277~0.439 0.080 <0.001
MnBP 0.340 <0.001 0.290 0.236™0.344 0.114 <0.001
MMP 0.585 <0.001 0.658 0.597~0.720 0.341 <0.001
MEP 0.403 <0.001 0.371 0.314~0.427 0.161 <0.001

UF] P RIERDRE PME, P, R LEIMERTSHTEY PE,
[Note] P, is the P value for correlation analysis; P, is the P value for
simple linear regression analysis.

2.3 IMiE MPAEs RESHIRERBNXFR
UEEFEZN D AINEE, S MmAF MR

MPAEs KR E N BEE#HTEMERVID . BRED
WMER, S MEHPRESHEREZT D ZERE
X, MEHPREE N— N B, HEREZIFHERE
0.124 ML, RIBEREDNER, HELFEFRE
BERZER, P ERMEHPREEII— N4, H
H1KE 21T FEK 0.129 DAL,

DHUBERFMSGANN TS HITIEEN
logistic [B] )3 93 #fr, B A ZE 73 ¥ & /= B i & MnBP 0
MEP & B A RF=MIRIFEZER, MEPE SGA NERREAIZE,
BESEFRFRFARR, KM VEP 2B RETH
1R 1P A & (OR=0.655, 95% Cl : 0.436~0.985), B X 2
SGA KB A Z (OR=1.574, 95%C : 1.063~2.331) T
x3

&3 Z43ME MPAEs S1TIRE RV S T3NS

Table 3 Multiple regression analysis between serum MPAEs and pregnancy outcomes

HA{KE Z3E4 (Birth weight Z-scores) °

B4 B (Spontaneous preterm birth) ° SGA

b

MPAEs

JEEERT b (95%Cl)
Crude b (95%Cl)

%S b (95%Cl)
Adjusted b (95% CI)

AL HI OR (95%CI)
Crude OR (95% Cl)

JA%ES OR (95%Cl)
Adjusted OR (95%C/)

JEAEER OR (95% Cl)
Crude OR (95%CI)

%S OR (95%CI)
Adjusted OR (95% CI)

£}1m (Maternal blood)
MEHP
MnBP
MMP
MEP
B%Im (Cord blood)
MEHP
MnBP
MMP
MEP

-0.124 (-0.219~-0.030) © -0.129 (-0.219~-0.038) "

-0.057 (-0.128~0.014)
-0.065 (-0.148~0.018)
0.026 (-0.054~0.106)

-0.012 (-0.088~0.063)
-0.002 (-0.085~0.080)
-0.051 (-0.124~0.022)
-0.005 (-0.091~0.082)

-0.006 (-0.080~0.091)
-0.061 (-0.170~0.049)
0.040 (-0.047~0.127)

0.023 (-0.079~0.125)
-0.010 (-0.128~0.107)
-0.009 (-0.104~0.086)

0.017 (-0.076~0.111)

0.757 (0.515~1.112)
0.874 (0.665~1.150)
0.948 (0.692~1.299)
0.699 (0.492~0.993)

0.781 (0.582~1.048)

0.668 (0.479~0.930) *

0.896 (0.680~1.181)

0.593 (0.399~0.882)

0.826 (0.565~1.207)
1.139 (0.823~1.578)
1.107 (0.683~1.796)
0.849 (0.571~1.260)

1.147 (0.745~1.767)
0.730 (0.518~1.028)
1.212 (0.849~1.732)

0.655 (0.436~0.985) *

1.243 (0.823~1.878)
1.109 (0.805~1.528)
1.198 (0.810~1.770)
0.778 (0.518~1.168)

1.051 (0.744~1.484)
1.087 (0.747~1.580)
1.118 (0.793~1.574)

1.363 (1.054~1.947) *

1.313 (0.857~2.011)
1.038 (0.680~1.586)
1.348 (0.882~2.059)
0.651 (0.412~1.027)

0.943 (0.642~1.384)
1.170 (0.665~2.057)
0.876 (0.552~1.390)
1.574 (1.063~2.331) *

CEARZAER. 2EITETR. 28 /B /BRI EIRIR. 2R, PR Z2REHE. FOAT 5 8. RS MERRE. EIRERR. FMaidh.
Z2gi BMI. ZEAAREIE K. Bl (RFARNEERIR) B9, * : P<0.05, a : n=747, b : n=848,

[Note] Maternal age, standardized prenatal care, passive smoking during the first, second, and third trimesters, gravidity, parity, pre-pregnancy health

education, pregnancy checkups greater than 5 times, hypertension in pregnancy, diabetes in pregnancy, preeclampsia, pre-pregnancy body mass

index (BMI), weight gain during pregnancy, gestational age (gestational age is not adjusted in the premature group) are adjusted. *: P<0.05. a:

n=747, b: n=848.

3 g

ARG, &1 MBzP i H R RN, HR
47 MPAEs TEIM;E ARV HH 29 98.94%~100.00%. PR
MEP IR (DK E S5 Rz E = IRELH S LXK
1492 B B Z MM L RE AR —EI (0.27 ug-L*
vs 026 pg'l) , ER/LMHAEYE TENHEMIRE !
MnBP RE AN RS EEILMXAEY 5 15 (25.40 pg-L? vs
5.94pugL?), AT PR AR HABAH 950 B 24T
1015 (25.40 gLt vs 2.19pg LY ¥ ; ST EHE—INZ) |
SR FIRRINEEM R 20 BB REZERRINLE
(25.40pugL vs 19.87 pg:L™) B4, MEHP IREL A LA
FEHY 213 (11.00pgL? vs 5.95pg L #14.09uglY) ; 5 H

AA6EIE 318 R AN A R E A—3 (11.00pg L™
vs 11.70 pg-L™) ™1, MMPBYIRE T 78 (<0.1pgl?) B9
i 20 &, B I 0 Bk MBzP #b, MPAEs B9 10 ) 3 & 3K
99.29%~100.00%. MMP BIFR(LKE S H =S 1o 334k
R 161 B #E) LB MBI NS RE AR —3 (2.56 pgL?
vs 2.45ug-L*) ; MnBP. MEP. MEHP YR B 1 {3 £k #0
s TZKkE, EFMnBPRERS, IN1LR
B9 165 (34.05ugL vs 2.68 gL, BEFREESE
HIX 30 B HFTAE) LAF AN (34.05 pg-L™ vs 23.9 ugL™)
KFEW, SRR MM X MM E) L S BERET
PAEs, 5T ARREHIEKE, 55 &K, PAEsTEIRIEH
RER, I=ZAMNXINE PAES TSRS,
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BERSHEX 1Y,

£ B i &0 49 1 2 MPAEs, 3 BB MPAEs 8] 3@ i B4
f, BN —IMRAMEIEMEHP EANIFERFA
MHENSRYBEIRECHEES, KREENFE
RIPR) L ESXLESREYEMBIERE R 2,
¥ —BREESIURTIRENIIGE. FEMEFFRIM
s URMTFRENEEEH. BENYERE.
EYNEBUYERSE, EhEBYEREED FRE.
¥EM. BEEE. EREES. —IKH, BRR
E7E£1000g-mol™ LA FEYRME L SYERE] LI E B iti&
WY B &3 A MEHP /3 K 5% MPAEs, MnBP.
MMP. MEP /3 45 5 MPAEs ; MEHP I EE ‘R E 1K T
300g:mol* ; MnBP. MMP, MEP Y EE /R fi 2 #R X T
250g:mol™s Mose & " fERR B R INEZ LI &I,
FREEBAB T ZEN B, MMP EZHE MPAEs 58
ERE SRR EBIRE, M MEHP ZFK5E MPAEs
RUREIP RS, ANRENEEEERL R
5 MEHP I BN R %, ZHERIIRERE,
O] S PAEs TEBE) LRIV E TR B, SEAM R AIHIE
7% MPAEs #Bx ZE KT 1K 5% MPAEs, B¥ 09 MPAEs [
FMARENIGINMILIN, SE5T8MAER,

PAEs BIfEN TR WL &R E TR
B8, AMEMITIRE . BENABRURTFEiREI=
MRIEFENREE, ALRENERRELFTARS
FRINTHIREIE REZTIMER P, R WYIBSRILTEYDE
7& 52 1K (peroxisome proliferators-activated receptors,
PPARy) RN ABEERNETERATH, HERE
o, FREELAFBRARPHNRE, WEENEZEM
WEEEXBE, HES5ZAFHRN D HMEZE, Hit
— S RN EAARPEREHNCE >, #mAE
ESEENMARER, NGRS LARMNRERR, BIEF
F=HI X2, MPAEs B] LUBUE PPARy, 18T %% 7= 4 AR A9
o, ATRER TS SRR EXNESEZESE ™, &
AL Z M EATIHR, XFFRA MPAEs B9 &2 IR 5
FREMN MPAEs BE SRR EIEERX Y, SARARHF
A MeP B B & R IRIPEZAER. 1B Huang & 2
R E 22 18T B A 15 48K — FHEREh K
FRINPAEs SZEBHEENEE X AREGRIIAR
—HEI AR ENN G EREER. WRIMZEE
AR, AISHMPAESHEEEER ™, ZHHBHE
SHEWIESS AT IE K T aRAY 8] 2, E R &AM n-3 K
SN ASRHES 2 PPARy RUEDR(R, RIREHRBHTINE

TR 5 HA R RS R 2 B PR LUR N B9 MPAEs F1AE R
RAREFERFEREIFR, EXAMRFAEEIESEX—
o ElIE, PAEs SRFHIXREFTEH—T AR,

FARERERA)LF, BIF MEHP 5 HEEK
B2WRENEX, SRETWM—IE EERATIHFR
—3 Y, ZEAR A DEHP SR E SN 1 I 53 i8]
BB, Be) LIAERLBEMRN 0.13 PREE XYFRIEF MPAES
MIARAIMTARRETBE_RRBZSEANLER
ZHNRIBINE X B, SAXHFRH MEP Z SGARIE
PORI R RE—H. MPAEs ZRESHHEKRETE
ARESELEEA X, EFEaRS5ARILTE. oAl
RATHESRSERNZOTRZ —, MALFIR]
DURFUEME S5 EERIXIAE BT, & B BIA] DNA R =
EMENFENRAUFHREZEBNATHZRE
SNEL, SR EIE S EIRE XAV%%, ks
JVEKZR, RFMEEERES B, MEHP B AR
Hia RABNRNRDE R, HIEBLRUREEL
THRESESN/HRETARAD F, FEIFR
IHIREE RN &R & B

KRARFEFE | HERAKRTAIIHAR, €
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