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ABSTRACT: Organophosphate esters (OPEs), introduced as substitutes for traditional brominated flame retardants,
were widely applied across various sectors in recent years. Consequently, they emerged as ubiquitous emerging
environmental contaminants and constituted a significant source of dietary exposure in human populations. The
contamination status of OPEs in food commodities and the associated health risks thus attracted increasing attention

within the field of public health. This review systematically synthesized the chemical classification, physicochemical
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properties and contamination distribution patterns of OPEs across diverse food categories, as well as the characteristics
of human exposure. Additionally, that summarized all kinds of potential health damage effects it has on the human body.
Comprehensive analysed of existing studies yields the following core conclusions: OPEs contamination in food was
found to be pervasive, with contamination levels varying significantly across different food categories. The OPEs
contamination profiles were characterized in cereals, meat, dairy products and other food groups, and the contribution of
food contact materials was delineated. Dietary intake was identified as the predominant route of human exposure to
OPEs, with vulnerable populations such as infants and young children exhibiting particularly elevated exposure risks.
OPEs were demonstrated to exert toxic effects on the nervous system, endocrine regulation, reproductive function and
metabolic processes in humans, and these effects varied by age and sex. Nevertheless, notable gaps persisted in the
existing literature, particularly concerning mixed-exposure risk assessment, the health effects of chronic low-dose
exposure, and the development of effective risk mitigation strategies, which requires further in-depth exploration. This

review concluded by discussing these limitations and offering a forward-looking perspective from a public health

standpoint, with the aim of identifying promising directions for future research in this field.
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A ML ARG (organophosphate ester, OPEs)3ft H.BHEAFI
HYBTIRE, AR N AMERERH, BEH RIFrMRE, 4
B B ANAE G IR R BHIA 7 (brominated flame retardants,
BFRs), [ ZW TR, 258050 . BFIRE . BFME.
AL P DR S PR T I A T 4 Bl
T OPEs &Rk it K, MAEXIAWERBRITE
J& T FB R HeRhs 4y, &4k OPEs it Lok, Tk |k
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EGFEAPER YIS YY), OPEs Byl %k, =B %
WRBEMENIIREE T, BB A LIS ) . BUS A OPEs
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G YRR . FREEAT N TR EE AT, BT 1E R,
o OPEs W75 3R . G & B ETFAl RS A A BER
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UESE, KMt OPEs ZsRELAAM A LB . N4
VAR . AR S WA, R S EHAAN,
WREMAETNE . FIRIRMERZFASFEN W TR &
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ASCLAE A OPEs AR L, REMILE NI
F ARG S8 BT L, M OPEs My3fbAeiE . #5254
BTGP AR | JE RS R R . A O B T A S
FEHEATEER, BEEE M OPEs X AR A
fad, NIRATFE OPEs MYmMALHIBIG . &AL 2R
PEA 2 74 S 1 5 S AR 2 Al
1 B ESERERHLA
1.1 EERSHA

OPEs & —ZKLIERR W ERR, At . D55
SEWATE A WAL Y, FRRIESSH 0 B IR R 55 (P=0)
B 3 AN B, REHUREER AR, OPEs £ 7] 432
3 K& A OPEs itk OPEs fl135 % OPEs™'”, 54/{ OPEs
P & A 5, ARG W EIERR = Q-8 L)
fig[tris (2-carboxyethyl) phosphine, TCEP]. g —(1,3- &
NEL)ER[tri (1,3-dichloropropyl) phosphate, TDCPP]FIR
= (2-F N #£)HE[tris (1-chloro-2-propyl) phosphate, TCPP]%;
fidk OPEs MYBUIEAI ML, RS EHR =T
fig (tributyl phosphate, TNBP) . MR — (2- T & & 2 )R
[tris(2-butoxyethyl) phosphate, TBOEP] F1 % X = £ BF
(triethyl phosphate, TEP)4%; 355 OPEs HHU L &35 5%, 18
FMAk AW A BERR = KR (triphenyl phosphate, TPP) ., 2-Z. 2k
T IR ILBERRIIR(2-ethylhexyl diphenyl phosphate, EHDPP)#I
SUViTR —2ENE(diphenyl chlorophosphate, DCPYZEP021 - 4 1)
32850, #4> OPEs MiRA BRI, [RIFT & et fo5 3L,
WRL(2- 2, 5 © B )- 7% B Wl R T [bis(2-ethylhexyl) phenyl
phosphate, BEHPP]?",
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S0 OPEs HA K m MBi /K TERIFL B Mk, 28 URENIE,
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VEVERIG A, PR YRR, MORBEITE RS RE I BR, EY
ZREA Y 53 OPEs B AKMEN T Hik P& Z ), H
A7 —E WA ) BAE AN A A I TS NP 280 OPEs
BB % E &M EBE- K2 B R %L (octanol-water
partition coefficient, logKow), H:* TPP . TDCPP K logKow
KT 4, SR BB EIRYE, 574 YA N B g A
ZFE,

OPEs [t iz 5 H B b i i E 4 AH ¢, S48 OPEs FIFH
BAVERESE . A E MR, R T REAEEK . R X
BFAORIZEABE%, U TCEP Al TCPP JiZ W F F & Hifd
TR SRR AR 3t OPEs 3 HLA W FIRHAALERE, %
VESERE . BRI . T I B LB AR SR, i TNBP AN
TBOEP {1y 34 8 55 Vs i F Y0 kH £ 628 o 08, 35 3¢ OPEs
HA RAFAR9 | PO AR TEBE, B m T8k &
B RBTFIRE RGLUL R, I TPP M AT RA LR
(polyvinyl chloride, PVC)¥RHRIZT AU H R In T2, ik
S, FB4r OPEs i Al VE R4 Ak 75 sl i v 350 A v s, g
FH B b 0 TR 2 45RO
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W TG Y M A ) REWE R AR dEE, £ OPEs
B G A FREE 55 £ ST Y 1 DG ) B . F v, TDCPP L TPP
TCEP. TCPP ZF5E N Z M FMEAGY . TDCPP
VER LR 504C OPEs, 1E% N KA | B ik R YA
A R, B AR I A TR A AR M, X
Al AN FR AR A R XU 220 TPP 2955 OPEs 1Y
R, HAB B E &Rt mAmarE, AWy
AR 7% — F i 7K (diphenyl phthalate, DPHP)7E A A4 R &
PG R R, R AR TPP SR 55 A B A Wb a0,
TCEP 1N Rk LA OPEs, (HHD 8, 155
JEET, B AR G, AT 4 DNA 3
2, TCPP Je H il BB R4 OPEs Z—, #E4%
Wy oS AL A A R ARG, R AR R
OPEs {1y £ ik & =z —'> 142, itsh, TNBP, TBOEP #I
EHDPP 576 & fh Bl btk T2 0, 5B 2 20,
BN OPEs 15 YL i G T 4 i 165121,

2 EmPBEISBEREERY S RIIR
2.1 A RIEMmEHHTRKF
BYNER AN TR, & OPEs 15 L KU, 18

KK N TRAEA ) R il (KA - OPEs Al H
SRR I i A PO i, AERE X BT R, A

30 Ff OPEs BBk R AT A £ i 5 o R 1,
TEP. TCEP. TCPP 5% H—Imtfsefeh E K
KA PRI 5 Ff OPEs, H KIS Y& B8 Tk
K, HrfrgkEshh TEP P el ik 10.736 pg/kg™, 3
s KB, S MaYtlihh 8 1 OPEs M vk i
N 15.9 ng/g Wb, T T OPEs J5 L ik 265 =z B,
B ML R R R TS YA B, IS . BiEE . ROk
g TP OKH AT KBS W AR A L,
% A Z OPEs Iy B R R 1R 1%, #i3H OPEsWE & T
HoAth g fh 2P, ¢ A2 KB OPEs 2458 19 F 2RI,
L 54 )L OPEs 55 i1 3 5ok I 3

P K S AR S S IR M B J& OPEs i 12
F B BRI o E SR BRI R, B
B KRS REFNAEWY 4 KSR E R S, A 12 Fh
OPEs ¥ iH ##1t 80%, EHDPP Jy 8 i5udy, Hp2k
JZ 14 Flr OPEs H e i 5 151(13.6 ng/g M), HK AkA:
(1.5 ng/g M E) . 55 —I0R FH 80k (- Bk
FUiE T 12 Fpsh Pkt g S R £ R B8, TNBP #
TCPP #:3#%% 100%, T TEP. TCEP. TPP #l TDCPP #
MR AT 50%!H,

B4 LA b DR H AT 5 Sk, OPEs V5 e 4532 e . —
T A LT R A 5 7 2 LIC 5 62 50 A S LA Fe 68 5 P G
%) 14 F OPEs A1 5 Fivf HLBE R TR — g, WK 5400 .
Horp, BULET R 14 Bl OPEs HEYE R 0.79~159 ng/g,
FAIECH 23.2 ng/g, TPP ML), TiAESILAN &
i 14 Ff OPEs HI¥E 4 4.42~115 ng/g, TCIPP |5 353l
P2, B E RS R B, ARl S 8 Fh OPEs 1)
RS 18.4 ng/g W EE, JETA BMIHIZ E 0,

B R AR F R OPEs 54t . ARG HILIX 1Y
— T R, B3 ARE OPEs B AR Kotk
#, TEP, TCEP. TCPP >N FEI5 Y4, MiMIH it 58 & B,
PR AR S LE IR P DPHP W THR A7 R0k, &
WEE S4B A )L #E OPEs BRI 2 imiel,

TR FK ARk J&: OPEs %k #2 VBRI 12 . AF9E IR,
FREE K AN [ SR # BEAG I 2] OPESPS . M i
WF 5T R, AR R R K 5 )L 2 PRV P B (-5 -2-TH
- % & 2- W & B B B [1-hydroxyl-2-propyl
bis(1-chloro-2-propyl) phosphate, BCIPHIPP]#¢ E 34 /iR %1,
HERFRE R, SRR OEUE JLE OPEs B 2R 2
wilkE, itk 27%P%,

g5 BTk, E NN I E W], OPEs £ ZFh & i
PG, ELAS )R 28 3005 e KT R385 e A e 24
U H, BYEN AR TR, & OPEs 75 YL iy 5 G
e, Horp KoK L NEE KR B (KB H ) OPEs
Ko HH R o B el A i P00 RS KA . RS
EMEE AL E OPEs IEERERM S —HEORIE, Hig Yk
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S8R LK IRES | BRSO T R AR O3 g
FKIRAE R H# B B W EEA N5, WAAEARRRERZ
OPEs 754, il 4n v [ A2 g i X R RN A AF 53 &R 48
BRI ABE OPEs JEE AR T Esilk g 2 —102, 24)
JLES i ) R H A T 50 1%, OPEs 15 YLtk 45 32 K1 o IEAk,
TR FIORIADL & OPEs &8 MW 7EiR 4%, iR H/K M
A /K R4 OPEs A H O HRIE .

22 RmiEfarRl

OPEs 7+ & St R EAERuS IR . NI
ERFE, R LAKE e i S 0t AT S, (A
ST LA, 24 OPEs fE Mz, BHIAF . 4t
ARG I TR AU i e kR Arh, TERK
IR 1] g L M S5 251 T, ALY OPEs R RESIZ
IR R iR R T S A R R | &
AP 2 AR AR () B DA ST

SR SR OPEs iT 8 M F 2k, T EmMIEH
— TSN 106 DHURME AR S AT A0 A, e
42 F OPEs, o 7B RE, HRIMANE BRI
44k (phosphite antioxidant, OPAs)HI &Mk 2 %% F1 OPEs
MBS AR, S — T 312 AP g
RGN B/, SBARM%E OPAs il OPEs A 45 5 T-40f
%2, AAEHE N OPAs LBV BE R 1966 ng/g, OPEs 2 189 ng/g,
o bt AR = (24 =T ) W B BR R IR [tris(2,
4-ditert-butylphenyl) phosphite, AO168]& & & fx o i T %2
WA, BTt %, OPEs M S tkAR i £ Ak Y
TR S MR R IEMASC, IENZSE BRI k)
1 OPEs [MiTA% it i3 5 T/KHE R W BIPI4% LR . 10%2
1), HIRMu%Eh OPEs BB AR T4V 7,

AR, i Tl B 25 iR OPEs M5 4. ARl
XIRTFE A B, Tk 8 # OPEs (TEP  TEHP ,TCEP,
TPP S5 & 0 2 = TR &, RN TR
o, B AUdE . WSINFISEER A HT BB 80 OPEs 15,
TERSER 100 B SRR ASR B AT b, i
SeIMii A M T 21 Bl OPEs, F1H| 4L 8 Tl i
ARHR ) G UE— A M8 T 7 FRESHE Y OPESEOL, It b,
B AL MR ISR 2 OPEs T M EEIRRE . A
R BN, SRR B2 2 _fE(recycle polyethylene
terephthalate, rPET)Jfii " OPEs FAS: H % g 25 51 F IR iR Xt
7K W R 2 — M (polyethylene terephthalate, PET)Jff, #=H]
A1 3ok 7 AT fE S 30 OPEs F75 4L il ZFRBT,

23 ABERREITM

fEEHE AR AT OPE s M FE IR Z —, AR
K. WX KX AT OPEs fEEIMABRFAEREES, XF
BZEMIGYOKF | R . FIRERZ R, £
BB IX ST R, MM ARERTA OPEs MIfhiitEEHA

g (estimated daily intake, EDI)FF{ 4 161 ng/kg BW/d,
A(38.5%) FER 3 (23.5%) &M & b EELA B AR IS, TEP
(29.0%) . TCEP (20.2%)F1 TCPP (18.3%)72 vtk fix 28 H i1k
Ho,

o E S SRR SR W], o [ bR B )
PE£r 535 A f9Y. 140PEs F-#) EDI ¥y 34.4 ng/kg BW/d, i
A 6.18~73.3 ng/kg BW/d, PIZSZ () Tk 4L 2 it
50%, FLEFEBUTIEA YA EDI & m TALi N ka2,
bmT B4 L OPEs FEE BT RIR, @2 LI A )
WSR2 LY. 140PEs F{ii EDI 2 165~383 ng/kg BW/d,
T 2 LAh e B S R SR I 2Ll 429~470 ng/kg BW/d.
4 )L OPEs EDI 3 & TN, EEmA R
1)L OPEs %8 (1) E & ikt

e [ 1 — 0 £ 8 0 AN [ AF S 24 A FE Y OPEs JiE £
WA PEFTEAS, 4558 8/R%)JLAIYSOPEs EDI I, F
Y124 420 ng/kg BW/d, &2 N A LIA %] 1547 ng/kg BW
d, BEETILE. RAMEEN. FEYKIE L, 2ILE
a4 LR B 0 EE TR (39%), A WA il i 2
BN FNAE A 25k P

BRI, HArE NSNS OPEs HIEEIEA RIIK
F 55 [ IR R ) E ) {8 225 R & (reference dose, RID),
b E s R OPEs Mf s EDI LS FIHAL 10
5Ll b, dbt 8% LK) OPEs EEHA R RS EERELR
filt B P ST R B R A, PR VA £ A X R —
OPEs (#B/> OPEs, K% & OPEs IR A IMBL & BB,
ARG B U 22 8 1 T A e IR, 1o A L, [ B S it
B AN TR E X OPEs & i MR g AT 1A
Fo I, SCERARE S R KUK A AT RERRAG Y,

3 AN SEREEHY R

OPEs W[l B A . B WAl A IF R % A 55 2 Fh
WA ANMR, AT LAFEIM IR . PR . 0I5 S5 AR A YR AR
R gl s AGHI U B A T AR SR B A S R
i, OPEs Xt AAZA R G0 B A7 FETE AR S MR,
HHEA MRS R SE, Z B ARECAns L. 24
JLFIJL#) X OPEs 75 H R fUgkl'>151 | DUF 5 i £
fi o OPEs i £ B 58 AH G ) fi FRE S i S /R R AL, ani&d 1.
3.1 #HESMH

M2 #EME L OPEs fea2 KIE I dE RN 2 —, ol
EE Mz, HILAJLEDIN OPEs 55 vl X i R4
Fh 2% 75 3 AN PT84, RN BE L Rl R AT
FRE SIS FATIG AT SR, 7R OPEs 2855 )L
FEINHIDREFEARA DG . FRBEXT LB fat B 45 S 1 BA B 9%
P, WERR KER(DPHP. TPP A9 AR 4) 2 AR
KA IR = Y OPEs fRI#(96.4%) . BRI DPHP &
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/N RNA (microRNA); M 321K o (estrogen receptor alpha, ERa); i & 57 /K (androgen receptor, AR); G I B BR M Z 21K (G
protein-coupled estrogen receptor, GPER); i Jitd #Mi5-5- 5 i fif§ (extracellular regulated protein kinases, ERK); C-J ¥ & [1(C-reactive protein,
CRP); Zkifk DNA (mitochondrial DNA, mtDNA); 7144 (reactive oxygen species, ROS); HUIR IR Z (thyroid hormones, THs); ¥ HUIRIRZEE M

(transthyretin, TTR).
1 fr it OPEs Jif £ %% 58 AH OC ) f FE s mi B A B el

Fig.1 Health effects and mechanisms of action related to dietary exposure to OPEs in food

5~7 % JLEMINAITEFEARAHDE, DPHP ¥ R B3 n—£,
AP FEAR 0.46 43131 — 00 | v A1 B2 it Xof BA S (g 0 1)
FRER, TEHIFSLREE T OPEs HILEFM A AT AR
AASG . HoH EHDPP (#9454~ B SR X% (In) Bz 3 4 55 JL L
P [R] R4 (AR A B IR OGBS 288h. A
FEAE A SRR . FB AR e B kRS, B
FAE O BRI T 32 BN B K, LA & B B s,
T3 —W_L T A BRSNS iR R B, TS T OPEs Al
A MLBEA 24 (organophosphorus pesticide, OPPs)iR &1 5%
HIW AR E T AHOE, LR A = AR R
iz — F i (dimethyl phthalate, DMP)¥ B K &85 145 5 11
2,2-— HUERIENE[2,2-bis (methylthio)propane, DMTP]¥k &
54 3 T L AT R B AR S

H AW ASBESE 4K ) B OPEs 51 & i & 30145 i) N AE 4
TFHLH . ANMEARAMRIIESE, %I R RE S S P41k
VAT G ANNE 7 Wi I B oM e e s e IR [ N R
A, Ak A L 2 AR Y b - HE Y
FFALIE T X — W s . AR 4 OPEs # &5 2
microRNA ik EH MK, TIRENHT/E &I microRNA &
SUEMmAE g AGH . s b oS e RS, X G2 E 3
EYIM AR, $278 OPEs il GEil 1 4% microRNA
RikFMAE R G, TIRMERRIEFSE, Wl—
S A oz 404 T I Y L BRI AR T R A A,
OPEs & W] 1t 52 Wi fif £ & B FI AR/ y, 4w fig JL
HMZRGERT, DA RSIMITR ZW, TR
OPEs IREW# & G B ML R A -1 (heme
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oxygenase-1, HO-1)  #jZ M 21 78 (glucose-regulated
protein 78, GRP 78) 11 4Hiiif%-6 (interleukin-6, IL-6) 3 254
SEAREY O TR, FIHEWT T OPEs 238 A BEid i 2
N REIE K& B XA R 28 & 7 A Ui e 2

32 ASHFI

OPEs 1E & W 4 i T 3¢ ¥ (endocrine disrupting
chemicals, EDCs), A TH ARBIRARIESE . MERE R
REZFNPWEER NG WAVER, 520 A 5 &
GLIIE R ThRE, B S A PER R T B AR
PR TR OPEs WArb T E BRI, 4FYRH OPEs 2%
&P SZ M BR LA R IR R KO, YR L A K & F 1 K
e faEN R A ASI R RESE BoR, IR Q2-T &
2,38 FR £ [bis(2-butoxyethyl) phosphate, BBOEP]%# 5%
5 I 2 PR s 0 R = R IR R & R (total
triiodothyronine 3, TT3). ¥if & — fll B R B )5 &0 R (free
triiodothyronine 3, FT3) & BRI 2 (total thyroxine 4, TT4)
FIUE S HUIR AR 2 (free thyroxine 4, FT4)AH5E, TAL(1,3- &
-2- N 3L ) B BR h [bis(1,3-dichloro-2-propyl) phosphate,
BDCPP]'5# MY TT3 Al FT3/FT4 A, {H 550 it H
IR IR % Z (thyroid-stimulating hormone, TSH)AHZE , 45, W
22 5 X (2- & & %) W FR £ [bis(2-chloroethyl) phosphate,
BCEPI LR FEAE A, 33 5 Lot 2R JLIBT A I 3% b 3%
R TT3 LR B A: JLh BRI TT4 A FT4 F 6. il
T ERIRAS T SeIR 4 SR, BBOEP B TT3 Ml FT3 /K-
Fremf AN, G5 R RV IR 25 T OPEs Hear
HIEEPIAR W Z MAEAEDCHK . H AT BBOEP [RTIR =(2-T
A2 BB £h TBOEP (19 RfD i 15 pg/kg BW/d 7] R
DRI 2 B L A )L e 32 ORISR, R U AR 1 %
REME T P IRR

OPEs i A 3 i3 5 1 Jif £ FOIR BRI 22 4 B (5] /1) DNA
FILtE, TR R W IE W ER . BF5R &3, OPEs At
W) 5 B HUIR IR R A DGR TTR Y H L S TEAH G,
HX RO FEAAE T Lotk rh, WG48 {62 OPEs T
P FR BRI T BE A T 2L, Ah, OPEs i HA5 i
FORHRECR TG, PRSMIFFE L], TDCPP X} ERa Fi
AR HATH 8 (454035 74; BBOEP #l BDCPP %3 i} ERa
BTG YR AR FEHLIEHERY . TCEP Ml TNBP HA7 Ml %
WE, TR ESE S GPERI/ERK/2 {55 i, bk
F5 5 S X 5T UL OPEs 1 MR S R EE N, A
AL 222546 1) OPEs X AR AR A4 F 7 1) FAIL il 77 0 2
225, AR5 AT R A RS BT s S N
3.3 MpAEE

OPEs A X A& Z BRI 4 i) A= REMERON, 2858 i 5
SN WA . 1k 40Ml DNA #idi. T
P 41 1 0 2 AR A R A S B SR N R

OPEs 4l i =1 0 B ZLAE FALHI, —T00 4t % g e & A W
R B /R, B W R — T fig(dibutyl phthalate, DBP),
BEHP, BDCPP £l OPEs £ 7% 5 & LM ihr 5 s 8-
H-2-WAE S, 8-F A S 4 N % (malondialdehyde,
MDA)/K-TH &5 B A0 X . OPEs IR & W% S AL bs 54
HAWHEMIESN, Ho BEHP 2520 E AL i 3 2
%] OPEs if 1] 15 41l DNA #5145, HAWIENL
£, TCEP fil TNBP W] 34 GT1-7 MM EERELK
JE L E R DNA A4 H RN R, 200 nT i g
Jifl DNA $if5 . R — 7] 18 DNA #4516 & il 2 H S
FEH ) mRNA K, 2 L5 0 B A A& 55K 2828 4l
FE PRI LA, OPEs %275 8 RJ 52 i 20 i A v AR o
REAINR T, SIRBEHISERY OPEs 1AW nl il i % X
TF5 A, B A IR N I e RD 4 2R 1
T T A0 A AT AR A ) % A, X RFARARAETS . AR Lh
Bl A AR AT R EE IR OPEs A MRS
/N ERU e 4t i 44K B BOKF F R AR AR R, T I A i e
A I RE AR AR

34 HELZEEM

OPEs X B I &t A 08 RGBS A W AE M fad,
ST REAORTR . U0 SR G HELSE M E R R
Giffih OPEs (s B2 200 W 5 1 A B i 1 1) £
Ut, ZAFEH OPEs 2 3 [ RSBT it FRRIR Rk, o
[ B A ) — TR 5T 46 B, DMTP FI4E2E —H iR — 2 ik
(diethyl phthalate, DEP)H& 5 ) I TH5 {3 55 F A5 F i dkiz
FhEESI A KR, OPEs IRAY 5K FHEZ she 1 — il S W i
A3, DMTP J& FEFRNIS, —I g\ 57 iR, DPHP
W SR . BT BE TS sh A RS shRE ) =
M2&; A, BBOEP, iz — 48 H K 3L (dioctyl o-cresyl
phosphate, DoCP) ., #fiR — "% 3L (phosphoric acid dibenzyl
ester, DBzP)¥k & 5K F M LBt 2 M O¢ . [HASE
T, X S HR A TE T RS2 i A7 159 ) 00 ) £
Yo IR B, K41k DNA #5 DUEE BBOEP 5
R FUREE . BT B B p R A SR, R0 50 R
67.7%F1 52.5%2°,

VAR R E R T, SRR OPEs 288 v fmi it
FREMERAK . RIE DL SRS, BER
HiEEfilh OPEs &Y MREIEA . B Thae, M5 E&2
JNEG AR RR I S . RS AE R EOR, IEURFI OPEs iR
EYRBLMIG LN 3 Fh RIS SR T, %
e & it — Wi IRl & 514, OPEs B #RifA nl kiR
Tt R B JR % (gestational diabetes mellitus, GDM)XU; . I
M TS Meta 245 RUESE, &4 OPEs #8851k
O DR s B XUBS: b T A AE B R OGP, LG {E B (odds
ratio, OR)A 1.42, 95% B FXMEIA 1.13~1.78; HH &
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W, BE OPEs Jeifk & %Py £ 8yl 7 540
OPEs ##2 [Fl Rl fe T L M 2 Rl DoCP B#2 S
7eJE 42 d P2 IR B2 IEAHSE, H DoCP. DBzP 5 GDM
Jo7 S I PR, T S T S R A R U RS X
gk BRPUR BEE TR UL OPEs 54 Jm A Cigt
A, RN SCIRAEAT U YR PRI B 1 Lo M T B
35 KigF#

OPEs & "] THARAAHT . Be Q& 2 Fh i
TERR, SRR A AE R IR % R PR R IRE S5
o5 1 i 1 XU A S L8148 iy A 19 TRAFSE 1Y Meta 43
B & BH, OPEs AR G4 5 AU 2R G A0 XU 15 i S5t 25 4H
K[OR=1.46, 95%E 15X [A](95% confidence interval, 95%
CD): 1.22, 1.75], 578 & XUt 5L IEAH S (OR=1.18, 95%
CL: 1.00, 1.38), A7EZctEHoCER R, MIRTE N, 74k
OPEs % 5 5% [ JI§ 2 11 IH [# % (high-density lipoprotein
cholesterol, HDL-C)FARAH ) — 15 56 T [ S il e 5 4 35
T AR A H R R R, Qi BDCPP Fil BCEP 5 & IR
2 HLALE P XU BS: 522 TE AF 56, OPEs TR 440 [l R -5 5 PR IR L XL
Rt S IEARSE, HiAp BDCPP J& EE 5k - sttt —448
N, RAEPREY) CRP FIHZANAAE BDCPP 55 JRIR MLE Y
SRR A SRR,

WEEX LB AR BT ARSI & B, (TR
1 OPEs 25 5 JL# A= K %40 & . BDCPP &R in—4%, JL
LR TR B = A AR E AL PR 4y S AL R B 2 T, DPHP

5 ILE P AR A SRR TR LIP3 AR L AR B IE AT,

I BCPP 5 WA~BHA 9 L3 A Kl B Y B A G s (5151
TSR, B2 09 ) RN B 4 T 5 35 $X (body mass index,
BMI)Z: 520X Fi OCHE) . 141, OPEs #8834 55 L 345 1
FEARE K. BFR R, JLEME D41 OPEs #FE 545 |
JEEHE 3K T-58 22N B0 Y - B 5L U O, DBUP B4R T
N8B, FL 55 R s s O B

4 ZERIE

41 HBEMREBEARDLES
AR dhH OPEs HYT5 Y BLR | it £ 2R 1 D0 e f
SR T BOE R IEEA . A Z R0 £ A8 BT SR
OPEs 7ERdh I A77E, 2R ah 3275 PR A BR
22 . I FLA I IEAZE) . £ OPEs fSR I
— WIS (1) A B Al L5 TR AP B ()
RS i R R SR R RA AT A b —
JEAGERDE, TR RS OPEs 2482 (1 T IRIE, 2L
AP OPEs W12 RN, PIILE S 32 50m ™ dE sy
JiTHl, OPEs 252X NASIZE | i, AgE . 24
RYGAFAEEAERENE, HAR RO R B W A 1 531 5 4 i
ZE5to

25 A SV R Sz b b OPEs (9 bR A7
EH B, EEEHl TCIPP, TPP &2, Fit
OPEs HIF & MZmiEr;, RENERBR =M. iR
ZIRMRLE A Z2B0HT OPEs il FHRRE ., 28k
TG — . ST OPEs BHi5 8, BEKWAREE
AR, AR AT . B4 S h OPEs WA E T
LI R, BAURETEE OPEs /3B AN R4S P br i
5B

METHEFEAIAEAE L R ()X AR & T 1
OPESTR AW — B AEIC A R EE AT, AR Bkl v 1 42
fil S AREEN R, A SR B AT AT RERAEDY; (2)
ST OPEs fét B2 M A 5T 21 B AT 8 1k Rk LRt 1
AL Bl F i A A S . Sk, G R 2
#E G | B AT A ML AN T A, TR B 4 1 B
Gt RO HAE e R H AL s ()X i OPEs 1)
AR 43 BT B3/ 5 — I R D - B 5 FRAE AL S, Hh o s AR T
B 45 1 N REAR G I SE B [ A, R BR
4.2 KWK EFGEREXE TGS E

MWBLE IR &, Wi OPEs MM H & IT4s &
IR TRE, BRI AR N — 2575 (1) OPEs TR A&
VIR A TR RE AN A BRI [, X6 B A2 M ol oy g R A 55
[ e B T WD ) B oe oy e W 11 v < 1
BN, JLEE . B G ERNBET 2 1 R 58, A
FEFERRAE B R RS (2) i B sh 4 A A & 4 i - Bk )
5= OPEs KIATEMT & RG R &2 FH LI FHL,
# OPEs IR AWM & TR MEUN AW S, FE1 45 Bl OPEs AYIk
GVERPERCHRE] . AR H550) S s BLAYY, B R
PR KBS TEAG ZEmE; G)FesE A sh 1= MK A B % 28 OPEs,
M EAE AR, AR, HEM AR, R AR
A bR G AR S TR 5 W I RURS: 2, RS
OPEs R Wi=sth s, WIsh Q™ W iy 2 Pk i 5
BEARAE A P 10 DB

HHiT Y OPEs KU il &4 il 42 SRk 5 18
REE . ENAYRL . R Rk . PRI R BB IR T EDI;
SRS, FIHAS %R & RID 151 fE K7, TCEP
JIT 38 B0 0 L 5 Iim 2 A 00 AR R 1 T 5 4 e 2 BUE K
K. BETEERZEH: BETTAIN AR OPEs WA 5
BTFHYOR . RID REE—; AR A SR IR 1Y
Ay BRI s, X LEE R AR L T IR A 0
43 NHIEREY

BEHBIRFFESE R, ABEILE & OPEs JEE R TN
X, U AT AR (DEERE WIS
OPEs (175 Y a8, 14> =5 1 & OPEs 15 4§ IR I
XI5, F—E SN EEEGME SR . B IS
T B LA SO VEREI, Kbt T g s e R 5484k F34h
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B4R ah T OPEs HYA YRR M s ikvnifE, MLIE R
LAE o (Q)NATE S H AR (5 FH A 2 4248 PRV,
X REPERY OPEs fba e £ b 1% S — It HR Wb
HRBR N A, BAE ARG 2 A 35 1 R O BELIA R | 9
BAFRN, XAT OR A S B AR AR A, R BB
Al T & B9 OPBs. (3) %8 LR 22 4 UM e f%, A %
OPEs [RITRA 4820 Ak, AR AT 5 B3 T2 i e r
e, RURR ORISR S LMl bR, T3 SRR B 2 A
SLRBFRCE IR, R R, T R A A R
BV RARBRIE o () xt Z AR Ry, 4L, JL
BRI R IR TR, RIS OPEs AR i (1 224)
JUEET5 Be 23 B ) T LARR SR [R] I 4 S SO AT 15 2
JiE&E, {f OPEs Zga 3242l .

Bz, B OPEs 975 3 LN AN i) Z ALY £L il 4
A, O AR e T R R E . R
KA IMER LA RS EFE, S AR . iR
WA AT LR, WA OPEs (975
QERFAE . ZREEALHABENEALE], S HERE . AR B
P B, DISCORBEN AR B b 2 AN B ARfEREE .
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