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Effect of exposure to typical phthalate esters on estrogen homeostasis during pregnancy
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Abstract: [Objective] To study the relationship between the exposure to two kinds of phthalate esters (PAEs) [ Di-N-butyl phthalate, (DBP)
and Di-(2-ethylhexyl ) phthalate (DEHP) | and estrogen homeostasis in pregnant women. [ Methods] In 2021, we classified the Jiading District
of Shanghai into five geographical areas, east, west, south, north and central. A total of 151 pregnant women from each area were selected for
questionnaire survey, with random urine samples during first, second, and third trimesters collected. A DBP metabolite [ Mono-N-butyl
phthalate (MBP) ] and two DEHP metabolites [ Mono (2-ethylhexyl) phthalate (MEHP) , Mono (2-ethyl5-oxohexyl) phthalate, (MEOHP) ]
and three estrogens [estrone (E,), 178 -estradiol (E,), and estriol (E,) ] in urine were determined by ultra-performance liquid chromatography
tandem quadrupole time-of-flight mass spectrometry. After a natural logarithmic transformation of PAEs metabolite levels and estrogen
concentration, multivariable linear regression was used to control potential confounders and determine the relationship between PAEs
metabolite levels and estrogen concentration. [Results] The detection rates of three PAEs metabolites in urine of pregnant women were more
than 98%. The median corrected concentrations of MBP, MEHP and MEOHP were 5.18, 0.59 and 4.23 mg-kg™', respectively. During the
whole pregnancy, MEOHP was positively correlated with E, (8=0.450, 95%CI: 0.057-0.844), and MBP was positively correlated with E, (8=
0.250, 95%CI: 0.034-0.465). Stratified by trimesters, MBP was positively correlated with E, in the first trimester (8=0.428, 95%CI: 0.103—
0.752). MEOHP was positively correlated with E, in the second trimester (8=0.734, 95%CI: 0.130—0.752), and had a possitive trend with E,
in the third trimester (8=0.744, 95%CI: —0.140—1.629). In addition, MEHP had a negative correlation with E, in the second trimester (8=—
0.498, 95%CI: —1.063-0.066). MEOHP had a positive correlation trend with E, (8=0.628, 95%CI: —0.101-1.356) in the third trimester.
[ Conclusion] PAEs exposure may interfere with estrogen homeostasis during pregnancy and differs by trimesters. Given the cross-sectional
nature of this study, it warrants further study to validate the findings.

Keywords: phthalate; estrogen; estrogen homeostasis; pregnant woman; pregnancy

SRR IRERZEM AP (phthalate esters, PAEs)JE 77, i THSEER > TR E WA S A4, PAES
i e R B R, ) 0 T AR R Sy BB IS G R ERSE . A

(E£mB] ERAKF¥4S (82073638)

(MEE B RklE, 2o, wit, EEBIN; Brohm. BAAKGE AR L AN TESEM N H; E-mail: 310516300@qq.com.
Wens, 4o, WiLAER:; AF507m . 224 E-mail: 21211020152@m.fudan.edu.cn, F55—1EH

[{B5EE] 2, E-mail: peng59991569@163.com; FH12%, E-mail: wanghexing@fudan.edu.cn, FH-FEEEH

- http://www.sjpm.org.cn/ -




- 624 -

Shanghai Journal of Preventive Medicine Vol. 34 No. 7 July 2022

1) PAEs W8 P DR AR R | 1 L5 A4 M
T2 G PRI B S HE AR S e mT S A I i
PAEs R Wit Ak PAEs 82 /K2, ke bR
55 PAEs A5 YL A2, Ko AREOFFE 35 LA LA R
FEUNER B ERAE bR . SR TR A A R TR
JLEE JENFZAY 2 B iR 2P PAES™ o ISR 2R
W2 1E T 315 (di-N-butyl phthalate, DBP) FI4B 4
R —(2- B2 AR R [ di- (2-ethylhexyl) phthalate,
DEHP R KRR

ZE M AR S R AR BB AR I AR IR AR LA
Ko X220 5 AR B 7= A A 3 S e 14 28 ST R
AR RS . MR G — R VA S Rl
R A, rb SRR R R R (B, ) 173 —
(E,) FMfE =P (E)™ . MEMERE R ] SEEZFA
KA URES R AR , WA R 30) ws ii F F A
W= BEILE R Z R RLATERS & B SR AR AR R
i AURSEEELAESY, PAES R TEREREE N T
P (EDCs) , Al ot THMEBCR IR, fom 22 i F 5
RAEEE" . B HTC A PR IE 22 PAEs 2 88 7] g &
RN RARIRES J 5 R A O, 9 A U 39 9k
A AR ORIDI T8 I AR ORI RS iR LA K 2B
JLEARRE LB L P s S o

PRI M AR AFAEARR S TR 2 A LA HE
MEBR W TR MPLAM M RRESZE T
R, S 2R AR S AT AL T 2 A P B R K AN &
AR A, B RS, AR R MECR KT AT B
BMAE" . HEET PAEs B 52N Rk
RIWFRAHGER R, HZ5 SR IEA 8 WA 2 5T
MEBM R SE R, DBP HIDEHP & A B £ 2R FR 1Y)
PAEs, 7E— & f28 F [ 0K PAEs 2 # kL. DBP
(14 6 FEAR = 9 R 482K W R BT FE I (mono-V-
butyl phthalate, MBP) , DEHP {4 3= 54 Q35 91 48 4 —
H iR 5 20 JE 0 JE 5 [ mono (2-ethylhexyl) phthalate,
MEHP ] FI88 A4 — HI iR 8. (2-2 5:-5-% 2 35 I [ mono(2-
ethyl-5-oxohexyl) phthalate, MEOHP ] 552, Ay ity , A
FEEETAEIX B il i 7 a8 X 2R I A RS X 4 i AT
7] 52 8 4, 46 R ¢ rh MBP . MEHP #1 MEOHP L /% 3
FMERR E, B, Fl1E VB #8957 22 1 PAEs 28 5% 15 M
WMERRSRILR

1 N&57H%
1.1 FAFRAT %

ABFFEMIET 2021 4F 165 1 55 XN FEAL
RO H o 2500 H A5 28052 5 R2R A DA 2E B

T m
& Sl

PRZE UL, ELITA WF 5T % G2 M 3R A A3 e 4% ) 2
Poo VA DL IR 5 R XA R A A R 124 H
PR S o 1 Se s X BEAR 7G pg b
o 53R 5 AR XU RS e X5 B LA ER 14>
A () o R E7IE (B 38R 20 30 24 2210, 34 71n)
LR FMFEHLIRFERAR  Hrp 22 B (0~ 12 8]) (22 i)
(13~27 J&) FnZEng 3t (28 J& KL AR ) 20045 7 1/3. AHi
FEIEPE 151 22100 Hoh 22 5 v i 2 10 N3y
Bk 54.52.45 Ao
1.2 FAAE

2R BRI IR A N B1R A G A (7] 45, X224
PEAT TR T o [P) P ASEAE AR SRR EE TR
WA R IEARD L =T MR St R 0 AN 2 ) A B AR L
FENPB A SEE , 57 AR A [ S 2 55 IR A5 2
OCREE R X TR ()4 SRR IF
1.3 RHEXRE

Zead FE U R A N 5% 25 B 282 10 R THOR AR B
IR R R YA RS LU SRR M R
FE:, A E B O 5 i B R HLR R AR o SREEIR
FERT 5 BB G0 A A K IR OK 5 PR 65 3B R IR %
TEPRFERAEG , S EIRG A R 2  B s A R , K £ IR i
FEAIREN 10 mLo XF TN 2 BOR A JRAE P B
KA. BAKIRERS A S B L E BT -20 C
BRI EE 25T o
1.4 Jki P UG A4

2 HE WS/T 98—1996 FR H HILET 5 AH i 250 AH €2
T T )™ AT R USRI . B 0.05 mL FRAE, FH
TS ARG B E A 2 10 mL, IR ETR A 4847, 22 0.45 um
SRFLUE B B8 F5 , SR TC A AR A8 B 5 ARG DN 2 1) v 25K
AR 1AL (Agilent 1200, 32 [F Agilent 22 ] ) 4347 , 71
PRidi o BEAE PR AR 43 AT I X8y 48 1 4y ik 25 A
L bR R LA A T BT i ] o oK 28 1 b B A A
E ST, PRI R TE 99%~103%, 1
B R 2%,
1.5 Jki ¥ PAEs ARt 7= 4 Fo i 2 46

SR FH 8 2 B80T €203 R DG DU AT %A THR ) Jo ik
(UPLC-Q/TOF MS) (SYNAPT G2, 3 [E Waters 23 7 ) ¥
PR 3 70 PAEs 1C ™4 (MBP . MEHP 1 MEOHP)
13 FHMER R (B, E,FTE )" . B mL BRI, DA 3 Ff
PAEs 18 i 7= ¥ [5] £ & 4 b1 (MBP-d,, MEHP-d, FlI
MEOHP-d,) F1 2 Ff i 33 & [F] 457 R M A (E,-d, BT E,-d,)
Jei B~ 2 A P 1 Tl K A PRAE . SR FH HLLB [ AH AE B
/I (150 mg/6 mL, 3 [ Waters 23 ) ) %o 7K fiff A8 R RE 12E

http://www.sjpm.org.cn/




SBHGES 2002 4E T A 345 T W)

© 625 -

ek 18 FH UPLC-Q/TOF MS 43 5l #: PAEs 1834
FEYIFIMERS R . PAEs TR =4 F1E S 28 2R A
Co T TEAE A3 B AN I B 7 B i X A, {2 PAESs K
TR A sh A R 3545 R (0.1%) A Z G K T
PRGN R B BhAR R ZHERIK o T ( B1 Bt ) A0
Ko 4y 1, B4 T PAEs 17 90 FUME I 2= A9 /e P4
Mro SRAFE R NbbriE & e i, FT 3550
Eb 3% PAESs R 35 7= 47 R Mk 38 25 46 i B (LOD) 7
0.2~1.5 peg- L' A WEil o34 o, LR EE T st 2
[ IER 25 2 43 2k 28 LR 2 03 bR bR AR . 4lizk 28 Fep
PIRKI R S 24 BT, PREEINFR MR AE 76%0~

H 3R
106% , K& % FEAE 6%~11%
1.6 %t F o

K HISPSS 26.0 A #4750t 3. AR A IR
BRI , {6 FH PR LI 8 X6 PR PAE's B2 bR 88 2 e Ji it
ITRIE : €y =Cp/Co, TP C o WRCIEWR I, pgeg™s
Cpoop. NI PAES WS, wge L5 C, M IR WLEFHE B L oo 17"
{# H LOD/ 2 £Ek/INF LOD (AR B . LA s 8k Ky

OISR IX TR PAESs A1) FIMES 2R e P A i
Yo BT, I FAURORI RS B LA 7 2R BE Rt . i T
PAEs ™y MIMERCR A BB A0, oo e
AT B AR B e, BEAT AN TRV 2L [ (4 5 2250 H
INAAFRS 2] SO L PO A L TR Ak
DLAE— BN 225 B BiAE &, >R Z2 ek Pl A
SIHTIR PAES SHERGER TR SC AR o

2
2.1

gR

Fda AR e

AWFFEILRAL 151 742200, 845/ 20 % d5k
44 % PR 29.7 % . RE UL SRR A AL
101 N, 5 66.9%. MFFK5 55 shaliFilk 44 53 N, b
35.1%. 88 %4 22 {AFE MR 01 B AN B8 2 fjh ik — 4, 63
AT I NS [ R B 42 st — I REEAFISOA
1E 150 000 JCLA R L150 000~250 000 JTA1 250 000 JC LA
I NELST R 39(25.8%) \71(47.0%) F141(27.2%) -
W31,

R ZPEEARHIE S PRI P LEF AL IE PAES FRSH M1 ¢ R

Table 1 Relationship between basic characteristics of pregnant women and corrected creatinine PAEs metabolites in urine

FEAFFIE e PAEs
Basic characteristics Pregnant women" MBP* MEHP® MEOHP*

I Agelyears

<30 72(47.7) 5.05(4.66) 0.51(0.55) 4.71(3.86)

=30 79(52.3) 4.73(5.82) 0.56(0.76) 4.34(4.84)

P{H" P value 0.761(0.200) 0.659(0.110) 0.968(0.727)
Z#14] Pregnancy

ZE B First trimester 54(35.8) 5.05(4.76) 0.67(0.55) 5.33(3.27)

Zuifll] Second trimester 52(34.4) 4.07(4.71) 0.51(0.61) 4.02(3.96)

ZE ] Third trimester 45(29.8) 5.10(6.60) 0.50(0.62) 4.35(6.05)

PE" P value 0.154(0.009) 0.482(0.590) 0.868(0.126)
AL Educational level

K% KL E College and above 101(66.9) 3.83(4.84) 0.54(0.59) 4.23(4.07)

KELIF Less than college 50(33.1) 7.19(7.03) 0.55(0.60) 4.82(4.47)

P{E" P value 0.074(0.061) 0.657(0.832) 0.505(0.177)
IRl Occupation

K55\l Housework or unemployed 53(35.1) 5.74(4.74) 0.59(0.69) 6.25(5.26)

HAl Else 98(64.9) 4.62(5.22) 0.53(0.57) 4.01(3.77)

P{E" P value 0.114(0.727) 0.180(0.644) 0.014(0.041)
JER A —FJH Exposure to passive smoking

% No 88(58.3) 5.58(5.46) 0.59(0.57) 4.57(4.91)

J& Yes 63(41.7) 3.72(4.58) 0.52(0.63) 4.19(3.87)

P{H" P value 0.149(0.056) 0.959(0.470) 0.478(0.065)
FEEW /TG Family incomes/yuan

<150 000 39(25.8) 7.10(7.19) 0.54(0.65) 5.82(4.43)

150 000~ 71(47.0) 4.44(4.28) 0.54(0.56) 4.23(3.87)

>250 000 41(27.2) 3.78(5.47) 0.62(0.65) 4.37(4.60)

P{H" P value 0.208(0.237) 0.987(0.708) 0.457(0.799)
it Total 151 5.00(5.18) 0.54(0.59) 4.37(4.23)

(3F a: 56 540 R A IE T e B P A (g - L), 3575 P A PR LSFAR IE TP B (g - 7' s b= 5540 R 28 FL SR X BCHEAL IO R A LE (19 PAEs AR 4
B 7 22508 PARL, 955 AR 28 ORGP A B RS LE B9 PAESs (RIS M 5 2850 PAEL

[Note] a: crude median concentration, pg- L' (adjusted with median concentration, pg-g™'); b: ANOVA of uncorrected PAEs metabolites transformed

by natural logarithm (ANOVA of corrected PAEs metabolites transformed by natural logarithm ).
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P A T e 3 R R A T T B A s, DAV R TR B R A
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Table 2 Estrogen concentration in urine of pregnant women

stratified by trimesters (N=151)

ZEH Trimesters E1 E2 E3
7‘},"51’%(”:54) 20.74(15.98) 13.60(8.61)  47.62(30.79)
First trimester(n=54)

Zarfill] (n=52)

56.89(75.64) 30.14(31.28) 380.22(283.03)

Second trimester(n=52)

2130 (n=45)
Third trimester(n=45)

[GE] #6558 AR E A OLHRIE (ug- L), 365 PR IE ALk
(ngeg™)e

[Note] Crude median concentration, wg-L" (adjusted with median

56.86(93.96) 29.75(36.60) 392.85(571.88)

concentration, nge gfl ) .

Wro TERIEPS &G , MBP 5 E, 5 1F AH G a3 (8=
0.250,95%CI:0.034~0.465) ; MEOHP 5 E, :2 1EAH ¢4
#(B=0.450,95%CI:0.057~0.844), VL33,
2.5 AFHo B 6 5da ik F PAEs A T 4 5 0k
BEHKL A

TEMIE VIS & 5, MBP 78 22 301 5 £, 5L IE A1 56
(B=0.428,95%CI:0.103~0.752) , MEOHP 7£ 22 i i} &5
E, 5 A (8=0.734,95%CI:0.130~1.337) , {E 221 11
5E R IFMHX(B=0.744,95%CI:-0.140~1.629) , ix 6%
5 ka2 15, 5aZ0E5 R, He1)
YIEFE R MEHP 7E42 Thi 5 E 2 A G (B=-0.498,
95%CI:-1.063~0.066) ; MEOHP 7- 221 5 E, & IFAHC
(8=0.628,95%C1:-0.101~1.356), .34,

R3RAIRHR 28 AR BRAL I PAES A" ) 55 B R W 2 1) 22 02 Pl 1 23 Hr

Table 3 Multivariable linear regression of natural logarithmic transformed PAEs metabolites and estrogen concentration in urine of
pregnant women
R GEitis LnE, LnE, LnE,
Metabolite Models B(95%CI) P{H P value B(95%CI) PAH P value B(95%CI) P{H P value
e R
LnMBP ABEBUR 0.028(-0.194~0.251) 0801  0.004(-0.179~0.187) 0968  0.500(0229~0.771)  <0.001
Crude model
e *“ﬂ b
&AIEE-: b -0.123(-0.326~0.079) 0.231 -0.118(-0.286~0.050) 0.168 0.250(0.034~0.465) 0.024
Adjusted model
S ] a
LnMEHP i -0.449(-0.851~-0.047) 0029  -0.237(-0.567~0.093)  0.157  -0391(-0.880~0.097)  0.115
Crude model
5 ) b
EIE*E:'; b -0.208(-0.577~0.161) 0.267 -0.087(-0.393~0.219) 0.576 -0.171(-0.564~0.222) 0.391
Adjusted model
. < T R T @
LaMEOHP  ABEIAUR: 0.839(0.422-1.256)  <0.001  0472(0.130~0.814) 0007  0.533(0.026~1.040) 0.040
Crude model
S IF AR
&ﬂ:*%i b 0.450(0.057~0.844) 0.025 0.205(-0.121~0.531) 0.215 0.067(-0.352~0.486) 0.751
Adjusted model
(] a: ROYAFHIAS i s b GRS ) SRR EE B0l A AR 5 B0 s il A5 ko
[Note] a: Variables were not included for adjustment; b: Age, pregnancy, educational level, occupation, income, and exposure to passive smoking

were included for adjustment.

R4 LW R 28 A SRR ECE AL PAESs (I 1) -5 ME TR TR BE /9 22 02 81U 3

Table 4 Multivariable linear regression of natural logarithmic transformed PAEs metabolites and estrogen concentration in urine of

pregnant women stratified by trimester

1= iR 2 B First trimester 2l Second trimester ZE16 4 Third trimester
Metabolite Estrogen B(95%CI) P& P value B(95%CI) P{i P value B(95%CI) P& P value
LnMBP Lnk, -0.139(-0.508~0.230) 0.449 -0.296(-0.607~0.016) 0.062 0.266(-0.223~0.755) 0.275
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F4(%2) Table 4(continued)
1= M= 2 B First trimester 2l Second trimester 263 Third trimester
Metabolite Estrogen B(95%CI) PA{E P value B(95%CI) P{H P value B(95%CI) P{E P value
LnkE, -0.193(-0.555~0.169) 0.287 -0.157(-0.386~0.073) 0.175 0.133(-0.270~0.536) 0.505
LnkE, 0.428(0.103~0.752) 0.011 0.190(-0.102~0.482) 0.196 0.429(-0.101~0.960) 0.109
LnMEHP LnE, -0.205(-0.882~0.471) 0.542 -0.498(-1.063~0.066) 0.082 -0.307(-1.111~0.496) 0.441
LnE, 0.079(-0.585~0.744) 0.810 -0.271(-0.687~0.144) 0.195 -0.261(-0.923~0.401) 0.427
Lnk, 0.076(-0.519~0.672) 0.796 -0.139(-0.668~0.390) 0.598 -0.570(-1.441~0.301) 0.192
LnMEOHP LnE, 0.432(-0.328~1.191) 0.257 0.734(0.130~1.337) 0.018 0.744(-0.140~1.629) 0.096
LnE, 0.065(-0.680~0.810) 0.861 0.305(-0.139~0.750) 0.172 0.628(-0.101~1.356) 0.089
LnE, -0.454(-1.122~0.241) 0.177 0.306(-0.260~0.871) 0.281 0.525(-0.434~1.484) 0.272

(] a: BEIEARRS SCHERREE R A AN T8 i 0 1 Il U5 2R 5

[Note] a: Adjusted regression coefficients for age, education, occupation, income, and exposure to passive smoking.
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