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CHITL T KA 2= B¢, B, 310006 )

W E R _WERMAR (PAEs) I ZH#BETAK, MBEEGHFZAFEMN. 245 ik, ERRTIHFLX
F PAE XTI R WA BH IR 6 ( GDM ) IUBS: 52 i () AF 5%, (HaX SeF o8 45 RAFE R il AP RE T
2011 422 2012 4F 158 Bl d M VEREAS (f45 104 24 GDM 2101 54 & & 8 GDM 221 ) , FIHSAHHE
TE-Bg (GC-MS) W& T i 16 # PAEs WML, JF0F5E T IME h PAEs # i 5 22 10 GDM XUk #l
MK Z R SE R, 45 SRR, 48K R — (2-43%) O if ( DEHP, FH{E N 32.95 ng'-mL™) J&2Z2{d
L3R v B f = 1) PAEs, RGBSR " WR Tl (DBP, “F-¥{EH K 20.55 ng'mL™" ) FISEAR T HIR T 3
MR (BBP, VA K 9.89 ng'mL™") . Logistic [FIH /AT 45 538 i, Z o il v A 4828 — W iR — Y s
( DMP, odds ratio ( OR) =2.39, 95% {5 X8 (CI): 1.14, 3.85) , DBP (OR =3.54, 95% CI. 1.25,
5.70) , 4B R R THE (DIBP, OR=232, 95%CI: 1.78, 4.14) FI DEHP ( OR =4.19, 95% CI:
2.89, 5.99) WRES GDM A2 B ¥ LML, tb4h, 220 103% + DBP. DIBP fl DEHP ¥ 5 2 h il
PR IEAISE (R . Bogp = 0.13, 95% CI: 0.09, 0.42, P <0.05; Ppgp=0.19, 95% CI: 0.04,
0.65, P <0.05; Pppup = 0.32, 95% CI: 0.10, 0.53, P <0.05. V& 58I/ . pogp = 0.12, 95% CI: 0.07,
0.38, P <0.05; fpmp = 0.25, 95% CI: 0.10, 0.69, P <; 0.05; Spgup = 0.38, 95% CI: 0.15, 0.58,
P<0.05) . M451Mis, 28 T DBP. DIBP. DMP #l DEHP Al f£: 34 /1% 11 & GDM By XU .
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Relationship between serum concentrations of phthalic acid esters and
gestational diabetes mellitus in pregnant women

CHEN Rongrong WANG Zhengzheng ZHU Haibao QU Jianli GAO Yu
YUAN Qixian ZHANG Yingying ZHAO Meirong ™
(College of Environment, Zhejiang University of Technology, Hangzhou, 310006, China)

Abstract Phthalic acid esters (PAEs) are widely present in humans and can have many adverse
effects on pregnant women. To date, many studies on the effects of PAEs on the risk of gestational
diabetes mellitus (GDM) have been published, but the findings of these studies are controversial. In
this study, 158 serum samples (including 104 pregnant women with GDM and 54 pregnant women
non-GDM) were collected between 2011 and 2012. The concentrations of 16 PAEs in serum were
measured by Gas Chromatography-Mass Spectrometer (GC-MS), and the association between PAEs

concentrations in serum and GDM risk and blood glucose level of pregnant women was studied. The
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results showed that di (2-ethyl) hexyl phthalate (DEHP; mean = 32.95 ng-mL"') was the abundant
PAEs in serum, followed by dibutyl phthalate (DBP; mean = 20.55 ng'mL"') and butyl benzyl
phthalate (BBP; mean = 9.89 ng-mL™"). Logistic regression analysis indicated that dimethyl phthalate
(DMP; odd ratio (OR) = 2.39, 95% confidence interval (CI): 1.14, 3.85), DBP (OR = 3.54, 95% CI:
1.25, 5.70), di-isobutyl phthalate (DIBP; OR = 2.32, 95% CI: 1.78, 4.14), and DEHP (OR = 4.19,
95% CI: 2.89, 5.99) concentrations in serum were significant positively associated with GDM. In
addition, the concentrations of DBP, DIBP, and DEHP in serum of pregnant women were positively
associated with 2-hour blood glucose (Crude Model: fpgp = 0.13, 95% CI: 0.09, 0.42, P <0.05; fpp =
0.19, 95% CI: 0.04, 0.65, P <0.05; Bpgnp = 0.32, 95% CI: 0.10, 0.53, P <0.05. Adjusted Model: fpgp
=0.12, 95% CI: 0.07, 0.38, P <0.05; Bpmp = 0.25, 95% CI: 0.10, 0.69, P <0.05; fpemp = 0.38, 95%
CI: 0.15, 0.58, P <0.05). Overall, the results showed that exposure to DBP, DIBP, DMP, and DEHP
may increase the risk of GDM in pregnant women.

Keywords phthalic acid esters, serum concentration, gestational diabetes mellitus, blood

glucose.

452 — H AR T (phthalic acid esters, PAEs) J&= 48 7% — R TE BRI Go AR, |12 T RE LIGF R B
B Rl Sk Amess il B TS R A8 S 85 E A i b . PAEs 1Y R E AR A B #EED Y
SR UAERTED DA BB A AL T L I R AR AR, 3 KT R R RS Tz A5 PAESs.
VB — PR B 43I T 404, HP R AR K, KATE 24 h 3] 48 h 2Z [H]©. PAEs 7£ A PN (144G 00 vk 5 A7
FE2E 5, X AT REAZ B WA . (R, A28 H R 2l A4 & b PAESs & AN [l 2 0 = A 5 1),
SEF PAEs MR MEVE R, H AT AR 580 O il A7 DG Q88 — R Ea i FH R . BRI Lt T A= 414
FEE L H AR b E A 5 AR AR 2R U R R 2SS Y A A e S i T e 44 B, o 38 AR R AT
AR RRER R BT 0.1% B9 BrE; BTARAE | B PE A H AR 55 B B2 BoH b DEHP., DBP % PAEs fi
KRBT 0.1%; 3 = [ R BHE K ARE R F o, M 2005 4228 1F 76 Do 2 A & L E = & P o
A2 R PR S A 1 A ) ),

UL AR, [ AN K B ST G T I P Y PAESs #& R — T e [ 5 DGO B I 9 ) 9 A 5 R R
DEHP 76 N I 38 A e 8 v, SE2 vk 187 pg-L™', Hivk &y DCHP il DBP, SE- 44k )& 4 125 pug L' Fll
68 pug L' 1fij Onipede!™ J¢F & H R 22 4T 1l 37 1 # PAEs ¥ B 45 2[RI i 7 DEHP J2 Il 5 ik B
T % PAEs, 51k 1108 ng-mL ", PAEs B 7E 150 LA K 7E AR P B0 )32 A7 AE M, e A5 AR 1t 8 v
PAEs ¥ & #4576 A A7 1. T PAEs (9 P 43 W TP 1, LA Bk Bk 2 A B 5% PAEs 5 4F Uik 1 4% PR 9k
(gestational diabetes mellitus, GDM) Z [A] () 3¢ £, H T, X T PAEs 5 4 URIBIE IR s Z 8] 1Y 0C 5 2 59k
] A AT 5% 2 5 A 114, 88 SCAR SF AR 7 R 2 Mk PAEs 1] BB -5 4T Ui H 0 PR v B 4 B 199 8 10 R 5 9
PRI &L KRB SEUT, Kuo 2548 #1 4% PAEs & 75 S5 IR A JC BRI, & SELAT 1Y I 10 243
P I AN REAS P HE SR Z5 1809, R, B2 IHIRAIE PAES 5 4 UR I PR 22 ] () S 56 1k S+ b B 6.

FEX TR T H, 2011—2012 476 HP E BT RAE T 158 #1223 1M35 (104 441 GDM Z# 441 54 i K &
GDM Z21e1), Mt T i 3% 16 # PAEs (¥R, [R18F H logistic 122 Ju 4t [l 5 43 BT 1fiL 35 T PAEs (1%
JE T GDM LK I A 22 [a] A AH S 1

1 MBS i (Materials and methods)

1.1 FRECREE
111 AHEE4E

M\ 2011 4F 2 2012 4%, PNWITVEAS BUMN T I VR 2% B2 2 B Ff s 1 7 B B2 Be 3575 104 451] GDM 2 i #1l
54 2 A B GDM ZEAM MG FEAR. £ Lk s MBI T, M0 S 55 #WEE T HE R =45 Ww
i R G A S 5 H RN O2ERE, e 8O BN D225 B, s B R AR % R &
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ZEWTIT R 2R e 2 e B I 4 7 B e B AR 3 2 53 b . AT X 2 AT N 23 %7 3] 43 %/ A%, GDM 112
W35 T [ B s R AR DR 55 /N2 B 2 (TADPSG) U6 /. 242 5 # 02 I 1 h 1 2 h 75 & B vk )
WIR T 0.092, 0.18. 0.153 mg-L™' B, #4127 &y GDM. Xf R4 2210 (R # GDM Z219) B A e brife: (1) H
B2 532 F MG R E BT RIAEARBE 016 ; (2) 381 GDM 2 W i 32108 76 TR 42 101 () B A H 3 oAb
TGN, T R T B I
1.1.2 A R4 A i il £

TEZE A5 W A], 223038 1 4 i b 320 L 85 0 R . 8 Ll i E I ERE T, FERR MR R rp
AR Z I E B R4 2—3 mL 42 1fl, it A BD Vacutainer® SST II 344 ( Becton Dickinson, NJ, USA),
TE 6000 r-min' Fl 4 °C T &0 5 min. B EIE WM AE I 43265 1.5 mL BD Vacutainer®EDTA-K2 45 1. %
)5, HATICRIFAE-80 C MYIKAE TR k. FEis firad B b, BE DR FEVe k. 25 S 31 o o (L ik A ot 2 4 ol
s FEAS i, RAE IR 25 FFEAR (n = 6500 pL) 5 I FEA — A8 A 7R IR & b, IFAE 4 °C it A
TEVKAE . T A R AR M RE AR TE S BRI AR A 7E-80 °C I UKAE .
12 1{H S5
1.2.1 A K

16 FhAR 2K — H BRBEIRARFRAE (1000 pg-L " in Hexane): S8 7K — iR T R X 2K BBP, 484 —HIfiR —
(2-2. %3 ) 2.1 DEEP, 484 — Wi — (2-2. %) DEHP, 484 — HIfig — (2-H 48 3t ) 2.1 DMEP, 48 % —
iR — (2-T % 3E) L Tig DBEP, {28 — HI iR — (4-H 5 2-/% L) fis BMPP, 432K — H ik —1FE=FTig DNOP, 487
R % BE DPP, 482K — HI iR 3R Ll DCHP, 487 — iR — Z.Fig DEP, 4f% — Hl iR — C fif DHXP,
A8 — W g — % T fik DIBP, 454 — H 2 — I fig DMP, 482 — /! i8 —1E T-Fig DNP, 454 2 — T fig
DBP, < 7% — H iz — K iE DPHP, Il [ J&K 24 7l (HE L) . 3R 16 Fh&RR — B R ik X i TR AR A
PRI B 23 S H ARG BR A R IE Ok, I EECT 3Ll (MTBE) I A 1 235 ARG BR A 75 4k
JETE ST Pl A Y.
1.2.2 SRS BT B 551

DL # L, TRACE1300 A AH (5,33 57 1% {00 KE 5 19 PAEs #E 47 5 P FE B 4354 : DB-5MS(30 m x
0.25 mm x 0.25 pm). A 2R (= 99.999% ) A # S, Ji# oy 1.0 mL-min™', #EFE FR S 280 <C, #&)7
T R AR AETR 70 °C, 4445 2 ming A 10 °C-min f%) 38 585 95 3 42 555 2 250 °C, FF4E 1 min; R L
15 °C-min™ f% 3 BE 44 5 B 42 55 3 300 °C, JF 345 5 min. BB R R F % d B IE (ED. 16 fl
PAEs MBI S 40003 1 k.

116 PR P ERER B HL bR 2 B T

Table 1 16 phthalate substances monitored in the present study and their acronyms, parent ions and product ions

EY BB Fm/z FEFm/z
Compounds Parent ion Product ion
bk
DMP 163 77,194
DEP 149 177,105
DIBP 149 223,104
DBP 149 223,105
DMEP 149 149, 104
BMPP 149 167, 85
DEEP 149 149, 104
DPP 149 237,219
DHXP 149 251, 104
BBP 149 91,216
DBEP 149 101, 85

DCHP 149 167,249




1130 woom o 3%
ik 1

oy’ BB Fm/z T T m/z

Compounds Parent ion Product ion
DEHP 149 167,279
DPhP 225 77,104
DNOP 149 279, 104
DNP 149 293, 167

R

D,-DMP 167 77,198
D4-DEP 167 181, 109
D,-DIBP 153 227, 108
D,-DBP 153 227,109
D4,-DMEP 153 153, 108
D4,-BMPP 153 171, 85
D,-DEEP 153 153, 108
D4-DPP 153 241,223
D4,-DHXP 153 255, 108
D,-BBP 153 91,210
D4-DBEP 153 105, 85
D4-DCHP 153 171,253
D,-DEHP 153 171, 283
D,-DPhP 229 77,108
D4-DNOP 153 283,108
D4-DNP 153 297,171

1.3 HEAHT AL

Z: MR Sun S50V E 1ML th PAEs 7%, PR LA, BAARD BREK 0.5 mL 17525 15 mL 3%
BB T, IFH 10 pL R R bR ic A AR HE & E AT 5 A I8 E 2 min, A 8 mL 1E C %¢: MTBE (V @V =
1) $EBGRAAE S, FE7ER S U T A3 30 min. 78 4000 r-min™' T &0 10 min J&, ¥ LIS R 285 1)
15 mL 3% 55 85045 B FER AR N 4 mL IE 2 %6 : MTBE 25 B, % 2 W2 BUR B9 & 15 W4 91 21 5 i
15 mL B35 25045 h, ZEIR AN AN AR E 2 mL. [ 15 mL 1E & kil Ak rh e 8 Ak A8 /M, TS ¥ b
TG AE, 15 H 10 mL 1E O Bepe B F AR i R B E R A AR TR ZE T /5 M 1 mL IE C LAl
HHT A A, ZJ5RBE 1 min, LI 6000 r-min™ B0 6 min, $F 15 S 25 @R/ MR, L2 00 2
R, K FE S G A7 AE-20 °C VKAF .

1.4 B

R T DS R SO g, TR 10 MR I E 1N FAS H (n =4, 500 pL). [F]E, 5286
kG A FH SR . SC I8 25 A H B IR A, R 2R KT Uk, T AE DI R 1 h, B S AE 200 °C 4L
FEPHLEE 2 h, B H B = IR . R BRI AE R o PAEs 1975 . PABs IURSHENZE R TE LR,
KR HL R > 0.995.

PAEs fUFEIIFR (LOD) % LR 3 F5 BMR M b (S/N). 7E R 7 25 FH RN 39 25 1 RE i H o] #6210 21 DMP
DEP. DIBP, DBP #il DEHP 4§ 5 fft PAEs, H. %% & 73 7 10.5, 10.8, 18.2, 31, 48.5 pg-L™". PAEs [J°F-3)
PRI (50 pg L) 1E 74.29%—112.08%, A i 22 (RSD) 2/ T 10%.

1.5 #dusrtr

X2 H N A Ge v 225 B L W K - FiL T PAEs ¥k BEKSF- 2047 T oI B Rl ik g1t IR+
LOD ) PAEs #¢ & F LOD/A2 8. X 1fiL 7 rh A4 41 2% — H R B v J3E 0 47 X 50 e, LASE B AE 25004 . F
A 2R H TR SCER 28 OB PR i rh, 368 T DLUR AR R AR (<30, 30—40, >40) . BMI(<18.5,
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18.5—24, >24 kg'm™) . =R CRFZIEAFAEFS 1R, 2 RANER) L ST E (B LLR i i AR 2 K LA
), B s CF BRI ) AN S CFF B0 ) e Rl 9 AR AR AR TR . 7 8 3 AN ] ) Db AR it )i, 2 [l 03 20 #
FH TP 74 PAEs W& B 525 i 8%, 1 h MOBEFN 2 h MBS /K -, 32007 8 58 T 8 40 7 12 R AR A5 e AR A 750
K H logistic [71 194318 52 .35 o PAEs ¥ B 5 GDM & 9% 2 22 [a] (4 5 V. SR B SPSS 25.0 X flr 15/
W 5% 45 R AEAT 38T, JF 08 FH A 1% % B (FDR) R 3E 5 19 PEIEAT 2k i, 48 FDR G 1EJ5, P <0.05 #%
INHEA G X

2 258 59718 (Results and discussion)

2.1 ANH2ER
22 BR TS HEMANOGH2AARE. X TE5E T, B 90% S 55 MRS —KAET. |
i 50% BB EE R AFE DL A2 il RIFEE . EURAT GDM K . GDM B 5% (1 F- Y45 % 435l o 32 %
131 % . 8RR K56 (Mann-Whitney U K56 ) F1-5 7 K6 56 45 5 B 78 GDM 41 fil K (. GDM 241 41
] AR IS A BMI A W35 25 5, ARy o 5 25 5.
2 ANOGIHEER(m=158)

Table 2 Demographic characteristics of study population(n = 158)

4] - 4]
AR/ () 0.034*
FHME 32+4.7 31+46
<30 14(13.4%) 27(50.0%)
>30 90(86.6%) 27(50.0%)
BMI /(kg-m™?) 30.38 +3.43 27.04 +3.30 0.041%
<185 0(0%) 0(0%)
18.5—24 21(20.2%) 4(7.4%)
>24 83(79.8%) 50(92.6%)
HRREE 0.373
KR b 64(61.7%) 30(55.5%)
e 32(30.7%) 16(29.6%)
LT 8(7.6%) 8(14.9%)
FEIRY 0.067
0 100(96.2%) 50(92.6%)
>1 2(1.9%) 1(1.8%)
PPN 2(1.9%) 3(5.6%)
P 0.258
H 20(19.3%) 3(5.5%)
& 84(80.7%) 51(94.5%)
KL 0.483
H 9(8.7%) 10(18.5%)
¥ 95(91.3%) 44(81.5%)

TE: adrR 8 E e, 2 - TR R K50 (Mann-Whitney U ) HI T HE A GDMEZE FIK (8 GDMEH Z [0 1 22 5 bR R 4328 . R 7R
FIT LB GDMEZLFISR B GDMAH 2 [ Y 22 5. R A PR (FDR)AZIESR , P <0.058BLE J HAT Gei 3 SCHARTE ",

Note: a represents continuous variable Mann-Whitney test ( Mann-Whitney U test) is used to compare the differences between GDM
group and non-GDM group. b represents classification variables. Chi-square test is used to compare the differences between GDM group and
non-GDM group After correction for error detection rate (FDR), P <0.05 was set as statistically significant with*.

2.2 PAEs 7E LI H B & S o34
263 NZRE MG b PAEs UM B . SEEG 45 R oK, 16 Fh PAEs FRAXAG I E] T 15 #p, DBEP 7 L1
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HoR A, EAR A UL 1. 7 GDM 4L AR B GDM 414 1fiL 3% ', DEHP, DEP, DMP, DBP £/ DIBP [
i R I 2R 100%. 45 2R %W, DEHP 75 1L ik B2 5 ( 32.95 ng'mL', Ju [ 3.91—85.71 ng'mL "), H
X /& DBP(20.55 ng'mL"", yii [ 4.71—68.23 ng-mL"") il BBP(9.89 ng'mL "', yii [ 0.68—22.72 ng'-mL").
M5 FEA h BMPP(1.47 ng-mL™") il DPHP( 1.34 ng-mL™") fi%) - ¥4 ¢ Ji A %F 42 {% . %2 DEHP. DBP. BBP,
BMPP 1 DPHP 4b, it £ i} 5 DMP( 1.68 ng'mL") . DEP( 4.97 ng'-mL"') . DIBP( 4.98 ng'mL™") .
DMEP( 3.37 ng'mL™") . DEEP( 1.61 ng-mL") . DPP( 2.42 ng'mL"') . DHXP( 4.23 ng'mL"') . DCHP
(4.08 ng'mL™") . DNOP(1.73 ng'-mL™") Fl DNP(3.38 ng-mL™"). ZEA[a] AR, 1fiL 3 Y PAESs ¥ i AN [
5 2 Wi 55 A He, Wan §8 A s N BE IV DBP YK B h 0.77—12.5 ng-mL !, IR F L IR BF SR .
Chen %50 % B, T P~ 10 1L 7 1 DBP 6% 4 0.051—7.751 pg-mL™, Mi7E Lin®? g9 8558 b, & 1fn 9
DEHP Hl DBP ¥ B 43 58 7.67 ng-mL™ F1 8.84 ug-mL™", 45 1L - DEHP 1 DBP -2 ¥ 55 43 51 A
5.71 pg'mL™" #1 5.20 pg-mL", B3 i TR BT, X AT AR5 101X 22 57 DA K2 103 i TR 2T IR TR A 56

%3 GDM A AL GDM A (n = 158) F 1A M 7 482K — F R FiR ¢ B (ng'mL ™)
Table 3 Serum phthalate concentrations (ng-mL™) in pregnant women in GDM and non-GDM groups (n = 158)

o % I + bR LRI 25431 7553 9543-ir L H
Detection rate Mean + SD Median 25" 75" 95" Range
GDM (n=104)
DMP 100 1.84 £1.21 1.41 1.08 2.16 4.61 0.38—6.43
DEP 100 5.92+4.71 3.96 1.75 10.27 11.92 0.89—20.55
DIBP 100 5.38+2.09 5.43 4.20 6.76 8.92 1.30—11.94
DBP 100 21.32 +13.67 17.82 10.41 28.37 50.18 4.89—68.23
DMEP 94 3.35£2.15 2.58 1.38 5.16 7.20 0.38—7.72
BMPP 73 1.55+1.10 1.20 0.82 2.18 3.56 0.29—5.94
DEEP 84 1.82+£0.71 1.72 1.30 2.22 3.28 0.89—4.27
DPP 96 2.59+£2.22 2.05 1.10 3.64 6.85 0.29—11.63
DHXP 96 435+3.12 4.03 1.55 7.00 10.11 0.21—12.85
BBP 91 9.97 £5.46 9.64 6.22 13.61 19.26 0.78—22.72
DBEP ND

DCHP 91 481 +1.89 5.08 3.57 6.06 7.77 0.44—9.59
DEHP 100 36.95+ 1541 35.46 25.68 48.71 65.43 4.62—75.34
DPHP 93 1.56 £1.11 1.42 0.83 1.87 3.29 0.29—8.80
DNOP 94 1.98+1.15 1.72 1.09 2.79 4.21 0.46—5.81
DNP 97 3.40+2.03 2.97 1.80 4.51 8.16 0.73—8.51

HRHEGDM (n=54)

DMP 100 1.37+0.44 1.38 0.98 1.71 2.09 0.67—2.59
DEP 100 448 £4.41 2.23 1.78 6.48 11.69 0.89—26.76
DIBP 100 420+ 1.95 431 230 5.56 8.05 1.31—9.69
DBP 100 19.08 + 14.22 13.96 6.13 32.02 42.35 4.71—50.48
DMEP 96 338+1.32 3.54 2.59 3.94 4.71 0.71—10.10
BMPP 78 1.36 £ 0.64 1.16 0.91 1.63 2.88 0.52—3.34
DEEP 94 1.41+£0.37 1.37 1.11 1.66 2.03 0.88—2.46
DPP 100 2.19 £1.97 2.20 0.30 3.93 5.92 0.33—6.20
DHXP 96 4.06+3.17 2.71 1.07 7.19 9.00 0.25—10.14

BBP 96 9.84+4.80 11.69 6.38 13.94 15.64 0.68—15.86
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= DMP

§ lim -~ ==\ .
B DIBP
uDBP

DMEP

BMPP
= DEEP
= DPP

N
=N T . === -
u BBP

DCHP
= DEHP

DPhP
= DNOP

NI . ==

0 10% 20% 30% 40% 50% 6I0% 70% 80% 90% 100%
1 PEFN AL (n=158) FpAB A — FH RS 1A DG 2 B AT
Fig.1 The relative composition of phthalates in serum (7 = 158) of Hangzhou people in China
2.3 IMiE Y PAEs W JE 5 B /KF-Z [A] Y 5C &

# 4 WRT GDM HAIA H GDM 4 A 2240 (n = 158) L& 1 15 Fh PAEs ¥ J¥ 5 10 /K 7 22 1] /)
KFR . G55 B IR A AR TR R 2 5 S Y 1L 3 i DBP. DIBP Fl DEHP ¥ FBE 5 2 h IfUBR 52 1E A0 ¢ (R
P B AL, Bopp = 0.13, 95% 1] {5 X 8] (95% CI): 0.09, 0.42, P <0.05; Bpgp = 0.19, 95% CI: 0.04, 0.65,
P <0.05; Bogup = 0.32, 95% CI: 0.10, 0.53, P <0.05. W45 AL: fpgp = 0.12, 95% CI: 0.07, 0.38, P <0.05;
Bomp = 0.25, 95% CI: 0.10, 0.69, P <0.05; Sppup = 0.38, 95% CI: 0.15, 0.58, P <0.05), ifij HAth 12 Fh PAEs #¢
5 2 h B JCAE SEME, BT A PAEs ¥eJE 5 FBG 1 1 h B /K G244 1 (P >0.05) . BIFFEXT HE ik
Y, 22131 % () DEHP, DBP Hl DIBP 5 2 h I f% 2 [0 47 76 IEAH G . BRI, —3CF KRS58 i
A SR T A IR, 7 AN H KB K BAE 5 N AR FL I [R] 2 78 T 6.25 mg-kg'-d ™' 1Y) DEHP, 7E£5 £ 1] [A]
2t B v MW RV R B 28 IE DA R R4 A 4 28 W 2 AN 1, DT ol 8 2 WA R 35 L 50 A i o i
B, PAEs 76 A PR v i 22 88 5 1l A 38 i A5 5%, A8 BA i /9 a2 52 2% B 1l B UK S 25 B % DBP. DEHP Al
DIBP 2 i#8 2t (38 Ji it e P40 I A A A QI 2561 5 B A B D R R fi A G, 5 ] A 2 o IR 5 R AIK
PO 7] HE T 32 £ 32 400 55 A ™). A WH5E R W], 4L 4RIV 55 5% T DEHP #1 DBP 5 U8 . 1L & FEE
PR PR T3 A 520, 1] DEHP 1E A i WL PAEs 2 —, B#& T A S REOLE S Rt &, S
B 4RI RE 4 3 AT LA B A 42 1) 7K ST sk 55 27 [RIAE Y, Sun 552 TA R PAEs 1] fgdiE PPAR M5 2500
PRI A, T PPAR 2 2 AR S R AR 5T () F2 2208 59 0] A3 UF 4l 25 P 3 8 Ak Wy i AR 34 B8 27 1A (PPARa
and PPARy) 5 M . AE K . R PR R A 5620, 3 il b R AR — S0t SR ] B R IR 2P 98 31T, FgT
N BN AR | SRAE I (] g s AU AR AR ]

2.4 IfIFH PAEs Wk B 5 A U IR IR 22 1] 1) 56 2

K logistic 81 H 43 A7, 2 5 o A P8 88 A5 R 2 |17 19 20 A7 25 S B, 1L i) DMP., DIBP, DBP,
DPP 1 DEHP #4334 /2210 # GDM XU (ORpyp = 1.98, 95% CI: 1.07, 3.47; ORpp = 1.62, 95% CI:
1.30, 2.70; ORpgp = 1.29, 95% CI: 1.07, 2.37; ORppp = 1.47, 95% CI: 1.08, 2.02; ORpgyp = 3.97, 95% CI
2.18,5.82). EL L PRAERATS, R UK, BMI, B S Rl 5805 s 48 & )=, AAT I3 1 A% DMP., DIBP., DBP FlI
DEHP iX 4 Fh#) 5 23 34 1 GDM # B 5 XU (ORpyp = 2.39, 95% CI: 1.14, 3.85; ORppp = 2.32, 95% CI:
1.78, 4.14; ORpgp = 3.54, 95% CI: 1.25, 5.70; ORppyp = 4.19, 95% CI: 2.89, 5.99) . #L A i £ W 57 it 8
PAEs 5 GDM Z [ fF7E JCHE. i 4n, fh PO S P F b 2R b XA — 22 [F] 58157 ¢ T PAEs 58 IR bt
SE46 . NIARPY PAEs (97 88 /5, 0 i A8 2 1857 . Radke 7EFR T PAESs VK B 505 i =2 1] 1 ¢ &
it & B, DEHP 5 SEOBE PRI JL 5 22 18] 77 78 3858 1) 1FE AH JC 14, DBP 1 DIBP 5 8O R ik =2 B] B9 1E AH G4
H4E, T BBP 5 DEP 5 fBOH BRI 19 XURS: =2 8] TEAH DG P 855, Gao 7EHAF 5T 48 1, DBP £ %35
A Zp R, TR ECZE 1A 8 - GDMPL 53NN GDM 1% & s L 3 28 5 R 5 2 HKHT A 480 A
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F (TNF-a) A P4, Friedman® 3§ H [fiL & o' TNF-a( BlJ8 SR 56 R F ) K5 GDM 9 & AL % VI A 6. 15
GDM & 1, TNF-a /K- 3 75, R 5 Z AP0 98 in 5 4 B .0 X R B TNF-a J2& 4E R AH G 5 2%
HEHT AT T R F. 7€ Tao B i BF5E3iF 52 DEHP 1] 3 /i1 TNF-a DiRg, T V875 45 B8 et B2, AT
T3 GDM™. GDM i Bl PPARy &35 R4, J & 3 BURME OB, BB (W58 IESE, PPARy 28748 1]
SIRE AR RS R, 5 4 ORI IR &0 %5 V) A OGP, PAEs 1] 3 i 4% F 28 @ i A2 i AR Y,
S PPAR AT I R R A1, PPARy A AT AR IS A R N 7, B A PR L LAk,
OB HE IR I F B D REY, 38 2 B PPARo-y — SR A, S 5% 53 DR 1A FH 1 40 P 22 DR AL, 98 s i
B, A R o 20 6 i, LD B 206 2 A/ P, DT S 0 348 o A 46 185 e 5 R IR e & = B0k
PRI 5 Z2 g iE ),

&4 GDM Z2IH(n =104) FIRE GDM 224 (n = 54) I M ATIILTE o PAEs ¥R B2 (9 ek 11 09 22 50 B(95% ‘A7 X [H])
Table 4 Linear regression coefficients 8 (95% Confidence Interval) for blood glucose and serum concentrations of PAEs in

GDM pregnant women (n = 104) and non-GDM pregnant women (7 = 54)
25 A 1 hufi 2 hifi

Fasting blood glucose 1-hour blood glucose 2-hour blood glucose

RIHEEL(95% CD)  EIFH(95% C1)  KIFHEEL(95% C1)  HEEEA(95% C1)  KIHEEL(95% C1)  HE)5A(95% CI)

DMP 0.47(-0.09,1.12)  0.57(-0.19,1.22) ~ 0.50(0.17,1.03)  0.55(0.06, 0.83) 0.16(0.02,0.31)  0.34(0.13,0.95)
DEP 0.36(-0.05,0.79)  0.11(-0.35,0.43)  0.25(-0.15,0.77) 0.19(-0.19,0.65)  0.18(0.01,0.45)  0.15(-0.03,0.53)
DIBP 0.28(=0.01,0.57)  0.07(-0.18,0.43)  0.13(0.03,0.52)  0.39(0.09,0.62)  0.19*%(0.04,0.65) 0.25*(0.10, 0.69)
DBP 0.17(0.04,0.21)  0.15(0.02,0.31) 0.26(0.02,0.64)  0.30(0.12,0.84)  0.13*(0.09,0.42) 0.12%(0.07, 0.38)
DMEP —0.14(-0.31,0.42) —0.03(-0.31,0.22) —0.06(-0.39,0.27) —0.24(-0.89,0.30) —0.27(-0.92,0.57) —0.12(-0.52,0.37)
BMPP -0.18(-0.51,0.74) —0.05(-0.51,0.46) —0.32(-0.19,0.35) —0.25(-0.20,0.34) 0.28(-0.68,0.59) 0.30(-0.54, 0.66)

DEEP 0.09(-0.47,0.63)  0.14(-0.45,0.70)  0.11(-0.09,0.40)  0.18(0.04,0.35)  0.17(-0.02,0.44)  0.14(0.12,0.40)
DPP 0.08(=0.33,0.40) 0.07(-0.31,0.36) —0.14(-0.31,0.41) 0.11(=0.29,0.47) 0.31(-0.16,0.82) 0.35(-0.10, 0.86)

DHXP 0.13(-0.13,0.37)  0.10(-0.12,0.35)  0.16(-0.21,0.63) 0.15(-0.19,0.58)  0.53(0.13,1.17)  0.50(0.05,0.97)

BBP 0.02(-0.30,0.37)  0.05(-0.23,0.40)  0.24(0.07,0.74)  0.14(0.01,0.72) 1.25(0.09, 1.64) 1.15(0.09, 2.60)
DCHP —0.12(-0.45,0.42) -0.07(-0.36,0.34) —0.07(-0.33,0.31) —0.03(-0.24,0.29) —0.34(-0.89,0.16) —0.25(-0.57,1.09)
DEHP 0.17(0.08,0.39)  0.13(0.01,0.34) 0.13(0.02,0.34)  0.11(0.03,0.32)  0.32*(0.10,0.53)  0.38*(0.15, 0.58)
DPHP 0.71(=0.03,1.57)  0.12(-0.02,1.21)  0.65(-0.04, 1.48) 0.53(-0.07,1.23) —0.09(-0.19,0.18) —0.13(-0.29,0.23)

DNOP 0.32(-0.08,0.38)  0.29(-0.02,0.36)  0.29(-0.14,0.58) 0.20(-0.04,0.47)  0.16(0.02,0.62)  0.25(0.04,0.79)

DNP 0.17(0.02,0.53)  0.26(0.04,0.54) 0.21(0.07,0.36)  0.12(0.01,0.27) 0.33(0.09,0.78)  0.27(-0.01, 0.43)

T PR R AR RARYRAE IS | B ARE . BMIOBMIFE AL A 1gBMI) | B3 S0 AN sh 4T 1 .
Note: The adjusted model was adjusted according to age, education level, BMI (BMI converted to lgBMI), disease history and family
history.

BT BT Z ALTE T, Y RTHEST B85 R 0 56 T4 fik PAEs 5 22 {0 UfE /K 7 FI GDM U 2 [1] 2
TAFAE SR 2R SRR W AT A BB 1A T BRI ARG . L, SOV 5 SR P IAL Y A R e i, L3+ 40828 —
R T P e 2 T L L 18 B R A W A 0GR . 55 =, R 2 BUE R I SR TE T 478 — Y R I 2% 5 4 3 3
N I SR PR 452 W), TIAR DA O T 3 fh S8 28— FY IR 6 0 22 ) A AR B B ) 2 Wi ) 1 4. 3 30
FFEAT — L8 R BRYE. 15 Se i th T IRAUAR A A/, ST RE S M 25 R ARG B 52, TR Lk R — T3 49)
A RIBESE. LUK, IO ST SR MR S ) GDM R A= W da A, 56 =, B2 — H R A~ s 01, TRt
A RE R B2 4 I M 4T R TR A 45 2R e, AR PRBE AL S5 it A HL B R P LA B A P 7 B
5k B TR VA W] RE S BT ST 4 R 25
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RS ML HABIE T HIERMR A9 FI GDM 2 (8] Y AH G

Table 5 Odds ratios and 95% confidence intervals evaluating phthalate serum concentrations

A A JERE A
Crude Adjusted
R (95% BZX M) KR (95%EAFIXE])
OR (95% CI) P OR (95% CI) P

DMP 1.98%(1.07,3.47) 0.029% 2.39%(1.14, 3.85) 0.046*
DEP 0.72(0.49, 1.06) 0.094 0.94(0.82,1.14) 0.142
DIBP 1.62%(1.30, 2.76) 0.010% 2.32%(1.78,4.14) 0.036*
DBP 1.29%(1.07,2.37) 0.027* 3.54%(1.25,5.70) 0.047*
DMEP 0.54(0.32,0.93) 0.058 0.51(0.27,1.00) 0.053
BMPP 0.92(0.73,1.15) 0.468 0.78(0.34, 1.81) 0.566
DEEP 3.85(0.47,4.11) 0.236 3.26(0.48, 4.66) 0.396
DPP 1.47%(1.08,2.02) 0.047% 1.52(0.97,2.12) 0.065
DHXP 1.04(0.93, 1.16) 0.247 1.27(0.85, 1.85) 0.250
BBP 1.15(0.92, 1.68) 0.158 1.52(0.93,2.47) 0.096
DCHP 4.36(0.71,5.73) 0.842 5.51(0.73,7.08) 0.648
DEHP 3.97%(2.18,5.82) 0.025* 4.19%(2.89,5.99) 0.035*%
DPHP 0.41(0.15,1.14) 0.087 0.89(0.38, 1.62) 0.098
DNOP 1.52(1.09,2.98) 0.462 1.03(0.91,1.14) 0.439
DNP 1.42(0.72,2.75) 0.182 1.28(0.76,2.55) 0.187

*P/NF0.05. *P is less than 0.05.

3 458 (Conclusion)

TEX I HF 5T, XF 158 44 %3 & (104 45 GDM 22 i Fll 54 4 K H: GDM 221 iy IfiL 75 7 16 Ff
PAEs ¥ B JEAT 1 M5 [W] i, ¥P4% 7 i 15 Ff PAEs ¥ 5 1B /K S LA K. GDM 22 [a] fl#H & BT
5% /% ¥R, DEHP J& 40 M Z2 13 1L 7 v i £ & 1Y PAEs, H. ¥k & DBP HI BBP. [H i}, 1L #' DEHP, DBP #il
DIBP 5 2 h Il 47k -5 5. 2 1F #H )¢. DBP. DIBP. DEHP F1 DMP X PUFl PAEs 233 i 2 GDM 4 XU,

XN #5 T PAEs 2319l GDM KUK $2 {1 1 aE4E. Haixt 223 i th PAEs & i 5 GDM Z 8] i 5T
R, AR L 2R,
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