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Abstract

The incidence of preeclampsia (PE) in twin pregnancies is significantly higher than that in singleton
pregnancies. Its pathophysiology involves multiple factors, including increased placental volume,
imbalance of angiogenic factors, increased maternal cardiovascular load, and immune dysregula-
tion. Unlike singleton PE, twin PE presents with earlier onset and more severe clinical manifesta-
tions, yet research on its risk factor profile and predictive models lags behind. This article system-
atically reviews the pathogenesis of twin PE, the progress of predictive factors based on maternal
clinical characteristics (pre-pregnancy body mass index, gestational weight gain, mode of concep-
tion, chorionicity, etc.) and blood biochemical markers (placental growth factor, soluble fms-like
tyrosine kinase-1, pregnancy-associated plasma protein A, cell-free fetal DNA fraction, etc.), and
summarizes the current status and performance evaluation of predictive models for twin PE in
China and internationally. Existing studies show that single indicators have limited predictive effi-
cacy, while multi-indicator combined models significantly improve predictive accuracy. However,
most models have small sample sizes and lack external validation. Future research should focus on
establishing multicenter large-sample cohorts, optimizing multimodal prediction models, applying
machine learning algorithms, and developing clinical decision support systems to achieve accurate
early screening and individualized management of twin PE.
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1. 518

T T (preeclampsia, PE) & &F URIARE A& 1 il R VR, DAAEAR 20 JA Ja 3k s I A 9 8 R BX
LA % BN BIGRKFE, ™ E bR LI RR[1]. EERVEEN, PE 20 2%~8% TR, & S a8z
EFET K LA REE R EZR N 2 —[2]. HAERRE, WRERZE PE MM mERE, HR7H
REANGIE IR = 2~3 i, Ik 10%~13% [3] [4]. BEERBIAEREOR PP, WU R 4 % 3%
T, PE B EHORURAEGRI LI BE 2 380, OB RHIR R B 5 0T 1 5 fE AN BE[5)

AR UEGRAALE, RUR IR PE FAG B R A0S 5 7™ 2 1) I R R BRI o 22 (1) BB 5 JRj [6]. WU
ZE[7]0F 736 BRI AT R ) [E I A BT FE S, RUIRUE SR PE [RER %A 10.3%, H KA PE 42 H
UL ARHAEAREE L B AR ) LERE B 470 s A (0 U 3 0 i 3.2 £% . 2.8 %A1 2.5 f%. SR1fT, 4TI
PRER X UG IR PE (AT B S IR AR gR I IO 2 5, IX PR B 20 n] B S B0 RUIR PE & fa ABE AR A
JE[8]. BRIk, HESLEFXIAUIRIEYR PE FIRG HEFITOAE A, T oieste BE R 45 )= B BB I R 3

AILBIERRLFIRXNUG PE AR HLE S JE T BRI ARRFAE AN L AR A F8 b 0 T R 741 ek e, 25
A ARG PE TOONASE A (R A4 R BIOIR , R DT I B 5T 10 = BRI 5 RSk R R O 1), 9l PR S e A I B2t 9 42
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5%,
2. WBEEERT R RTRAR) % st

WG IR PE AL (05 IR P 2 S o0 M T A 28 (1 B Rl AN A PE R AL SR FH 7
B B B BEAT AR s 2B — B BORIEUR SRR B Y B, RN BN EFARBIEA 2 . T EigEs)
ik A RS s B B BRSO I U ) B A B SN, A I A A R T A A B SRE SRS N
Theemmg[9].

X —ZWHEZL R, SRR EEH M ops B A FRSAE . 95, “ RIRELY RNV, DUIRIEDR
R TR SRR B RO, B SR BT I AR R ) A b S AH R N . Bdolah SE[10]R B, XG4T 4R
ZA M sFIt-1 KPR BRR IR 2.2 5, H5 MRS HEE R RS FAHX. HEAERNE, AR A
SFIt-1 mRNA 7K S8 75 F B -1a (HIF-1a) ik FF Rkt $easUiaid gkt sFit-1 @) F 2205 T /g
BARFRIE R, M AERR AL MERA[11]. X —RKISER, UG PE WA HLEI v RETE Hair i E4u i A &
7 B, TR sn) “fadtsh s ” M.

5516 55 DR 22 A0 £ B 102 BRSO L3822 408 09036 SV 508 o XURR S A0 BREA4R o 1L A8 58 498 1) A7 S 25 388
1L 25 5 3G I 40%~500, O tH &3 I 30%~40%, 34 T IR UE YR AH R AR [12] o X Ff b 67 fup IR 25 ] e
T ER AL RO M DI REfE & AR, FEUNLE N B DI REREAS AL T . AR BoR, WUIRIEIRZA A1E
Zah SHRISR B A0 s R S N B7 5K D BE T BRSO LM U, X B O TE 5 S K A PE BRI R
EE[13].

TR, PR R — S8R TG PE 55 FtE. Ackerman Z5[14]38 15 XA A BLAEA )
RNA JUF M R B, SURIAEER > R I 5500 PE —SUK 0 FHRHE, EAEMNKBIRMET, WA
AIRESZ RIS, 2R RUG PE ATRE S B — B Ia A OC. ThEbEEk /i B8R, PE g3 —8um
SRR, (HXUIBRE AR A7 R 35 (1) S LM [15] 38 70 TC I R PE FROBUIR G B SR L H AL PE IR %% S;RFAE,
PR TR P AR AT g S IR ARREIR H B

TN 2 R MLIE AL WL AEIX — i R o R 3 AE F - Zhang 45 [16]3 1 2 20 %8 5 43 By IR, PE 1)
RAFHLE 5 7= R & A AN N 4B B S 6 k. FRIAMAMNA ZUR & i 72 A i 2 WL 18 A% 22 g e
FEIR TS 2 A AT M AE B, XL FR A DNA  HEAL K AR 5 SOREIS B0 S DR Bk it
Feik, ALHE N VRV S0 F R IR ) PEGL0 JE[K . PEG10 W] K U TERE SR, I % TR 40 M 5 2 AR 1)
PR AARE, AN TGF- 15 5l B R R AR I R & -

R (4 5 A Ve T R — T R LA A T RO PE [ USRI, IXON G SR 2 4
JE TR 8 b () 0 B B8 5 T Atk

3. WARIESRFABTRARY T & F

TR BTSRRI AR, B F NI BHARIGIRRFE . ML AR FRAR A B S E 2 AR R T
XU PE ) F0I PR -
3.1. BHEIRARYFE

FEAR 2 BEARIG RAFAE T, 22 AT 1A T8 B0 S A A fa R R R 2 — . Yang S5 [17]%F 1256 I XUiR 4T
YRI IRl RIE FE 2B, 22 AT BMI > 25 kg/m? {2210 A2 PE (XU 2 BMI IE R 228 1) 2.3 fir. AREFSE
[181%f 236 BIXUIRUTL IR I K PE B B Eox, Z4H0 BMI > 24 kg/m? f§§ PE X3 1 3.482 £%(95%Cl:
2.064~5.874) . i EAEBLHLHIS KA HEAR OGS 2OMRAS . ARG R 5 AP S IR U 3R AL
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[19].

5z BMI [FIFFE B R 2 B . Yang S5[171 K50, 23 SRR 5 ] 5 2 0T 9 B (IOM) 43231
BBl A 20 PE XS BS 0 1.8 fifs o R Z G (18]I 7T 7, Z2 S B > 20 kg % PE KUK 38 i 2.387 1% (95%Cl:
1.580~3.604). Z AN E LM PE AW ML 2 EEFE AR AL . ROERPBIINE  Mizh )5 o8 K g
FIIRe R [20].

TERHMATERIFAE 2 4, 522207 N5 WG IEYR PE (1R 52 7 . Okby ZE[21]%} 4428 il XUIG U4k (1)
RN, IVF XU PE RAREE T HIRZ R (13.8% vs 7.6%, OR = 1.81). IVF iE4REH A G 17
TERWRS W1 2ROV LGRS PE mfa R 2, HABh AR BB R AE v] G520 it £ T BRI EE 45 [22]
— T T N A ST 78 27, BMI AT IVE 75 B FUSURG S8 4k X6 25 PE/HELLP S-S 1IE ARSI A7 4E 2
S EHREIR T, IVFE 5 XU INFEC(aOR = 1.93, 95%CI: 1.64~2.27), {ELEXUIA IR ok W2 2% St
(aOR = 0.85, 95%Cl: 0.65~1.11) [23]. X—KIHER, WIREEYR PE Gl B R il fe 5 e fEE xR, A
RERT B IR AL

BRI IRRFA R = —— BN, 5 PE 2RISR R MAEF L. FEHEEE[24]0 467 B 0UIG I 4% B
BN, WETEG PE KR Z 5T 8B UUR(81.67% vs 18.33%, P <0.01). Qiao Z5:[25]#2 H
PR BB RIIG RN, SEUEA sFIt-1 AKFT ;BRI R BHLH S R REAE A
P, BB LR —FE FR Ry, H—FRHSUAE R AR

B UG B G R B & AU A KA —F(1TGD). Chen £5[26]3: T 4396 15| UG IR W 75 &
W, ITGD > 10%7E A BB 5 PE X INAH S (AOR = 1.285, 95%Cl: 1.143~1.444), (R
WU BEEE 5R(AOR = 2.410, 95%Cl: 1.452~3.400), HALHI AT A8 54 K Z BRI A 2 W 5 £ sFIt-1 5%,
TR A K SZ BRI XUIR IR B sFIt-1 85 1 =I5 B RO AR i8Ny 2.5 £5[27].

3.2. In4{kisHR

FERMARHIE SRS b, At bs v PE FOER AL 1 B N B 70 /K TSR . e # A=K K 1-(PIGF)
TR PE Tl bR &80 . e S [24]%F 467 B XUIBIEGRZHA MBI T SBon, 223 PIGF /K- [
K5 PE KU EML, BRABHMASR . 2207 BMI. 32407 M 51 26 BT AUC & 0.827, Eon i
KU BT 2% BE . Zhong Z5[28] 2204 7, PIGF Tl PE HIBH SR EE A 4.01 (95%CI: 3.74~4.28),
FAPELISR B A 0.67 (95%CI: 0.64~0.69), Xif F- % %4 PE (1) T AN B £t TR 4 7Y o

55 PIGF FHXf BE (4 A8 A= B Rl F-—— AT i 14 £ms KBS 2 RBEE-1 (sFIt-1) J2 5 PIGF [ HU B 7E XU
PE Tl i B A5 BN . Droge Z5[29]/IMF A 7~, sFI-1/PIGF Al > 38 T XU 4 PE i R BUE N
94.4%, 5% N 74.2%. Martinez-Varea Z[30] kI, 4E4R 24 J& sFIt-1/PIGF LbAE > 17 IR EEgRZ 1
KA PE XU 2 Z B 1(OR = 37.13, 95%Cl: 4.78~288.25). Yang 25[31]/IZ5 A0 Hr R, sFIt-1/PIGF Lt
E TG PE 147552 89%, HUKFE N 84%.

BEYRAR G MIR 2R 1 A (PAPP-A)TEXUIA I 4 H i S50 A0 0 475 5+ Svirsky 55 [32] R BRI 4k PE
B 2 B PAPP-A JKF T 75 (3.91 MoM vs 2.43 MoM, P < 0.0005), 584 AT 4R 1l B A A 34540 I,
PR WUE YR PE o] REFEAEANFI 2> T ML . Queiros Z5£[33]%F 466 151 XUAA 4R 1) [l i 43 #r S 7, PAPP-A
AR T2 10 B hrsim T45 90 H i S5k 8 PE Jo i35 G, R PAPP-A /KF AN & BMESN
TG PE (BT AR S -

ITAER, EES IR JL DNA 43 2 (cFIDNAF) BCOA B R BLH T AR 4 . Svirsky S5[341%F 183 51 XU - Uik
FIRTHEMERT R, K4 PE 4022 5 1 cffDNAF FRAZE0N 9.0%, TR A4 PE 410 14% (P <
0.001), cffDNAF [¥] AUROC 4 0.73, B4 PIGF FI-F-¥2ik & 5 AUROC #2742 0.89. iX—RIUAKTT
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Q77 RIAS I [ FH - PE G 2 fe it 1 7 B .

Sbah, HoAthfn i 2= Fe br th B H— 5 R BN E -« Kim 2535148\ 532 i XUIR ST IR AR FE R B, S
2 A (inhibin A){E PE 0 B T, BEG RRARAERS (BMI K i 25 M = i (UE3) Ky 2 (i TR A% AUC K 0.73.
Lu Z5[36] (I T 7Tt — e, 4EWY. 2201 BMIL. 2205 . MG RACEDE R . - N BREAR I iR
B T B BRI s R B DR I Uk PE RIBRSZ R R 2R, 514k ISR ZE I ZRAE FIEGIESE 1 AUC 43Ik
0.880 #110.831.

3.3. BBFE{EHR

5 A aba A BAN R R 2 S, O G SRR AL T B RAR KR . T E )
fik 22 3 0 S HUR VPG I AL HEE IO B B R AR . FEHESE 2410 R EOR, T 5 S Ak R B (UtA-RI)E XUIR 4T
g% PE BARSZ 0K, BEA BEA D 2 A PIGF ] i 2 $& A Tl 2 Re . Springer Z5[371K 3L, + & shlik ik
5 UtA-PI B T 58 95 B 0 r B0 A TN UG PE MORIURSE l 91%, HEHEEIA 93%. 4RI, Rizzo %%
[38]MIWFFL RN, Hk A PE WU, 42 11~13 ¥ B 3hlik P1 /K i it E K T 1IE# 41(P < 0.001), #&
TN AR bR AN A FR -

4. WRRTEIRFATHATURAR B RO ELAR

FEI 1 & YERE TN A 7 2R b, BB IR R R KX S T B S N SR RPN, DUIR
THIIRL RE -

4.1, BBRIEIRTUAARE K HAELB Y

EHRRUEIRY, PE WA CUEAS SR, NOURW IRt T EE S %, G LE SRS S (FMF)
TR B se 4 M AR 45 A BHA R R . SPIsh ks F Sk ahi540. PIGF 1 PAPP-A, fEHiGiEgRH
-k R PE [f# HH 2R AT ik 75% (109%4EFH 1% %) [39]. fullPIERS #57 F T 1 CL#ii2 PE B8 IR R 45
Ja A, AUC 2y 0.88 [40]. miniPIERS #5 A4 H T B A FRILIX, AUC Jy 0.77 [41]. #RT, X 2Ly
FEIET RN R, HAEXUIR IR (1 3& F P A W #f[42] -

4.2. WBRIEIRFUAAR B ATERER

XU URFE A BRG], H 57 E bR E e SR AR YR PE TS B4 b o 2 8t Fe 8 b T i —
MM BGE E FR bR, /DB BN TRIAR R g9 N R AR B K 2 4E 200~600 1] 2 [3][43] [44].

Benkd 25 [45]3 T 56 4 KU AR AL 6 2219 BIRUIGEE YRtk 4T PE T, FZE 2999 FI4MBIGIE, (HEALK
AUC X4 0.647, TH U T~ 52 Br A0 KU, RN IBERUIRE E R H . fEH I, Chen S5 [46]HERR T il
HEJFE & IRESE S e 2R, HL9IN 769 ] “ARfa” XUIRLEYR, R HEE . BMI. ~F 3k )% . PIGF J PAPP-
A FEFIAER, bR I R PE (IR SR AN 40.7% 5 22%.

FHELZ R, BEHEEE[24]99N 467 BIXUIGIESR, KR 2201 BMIL 224277 PIGF [ UtA-RI #4%
FLEEBLRY, AUC N 0.827 (95%CI: 0.755~0.899), RE¥ 0.767, H¢57 1% 0.733, W HEIIE R /R X 7
JEE AR AE E R o 120 FUAE A3 AR EAh B30 T 95 ) B AN T4 b, $ s 7 RSB TR 45 SR e e A,
AR RO T, T BEAEE o il B R A R D IR

4.3. ERBYEELBRERT

GEWRIATT, W LRI G SRR IE RN £ B R E B YOG, A 3 2 5 S fabr i)
B (AN i 55) AUC ]k 0.827, 22 fm TN N BHMARHE AL (W1 Benkd 55, AUC = 0.647). iX—%
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RIER, ZEAEE AR T A, BN A EZR R PE FOIAR AL ) Lh R L2 1.
Table 1. Comparison of prediction models for PE in twin pregnancies at home and abroad
< 1. BRI BE TR PE FUMTR R EL AR

vt AR PNEDR AUC MHE5RR
FEAER, SR ZE S KSR AL 5 97

Benk6 %§[45] 2219 BHARHE. ABBE 0647 (TGRS, Bl it
(S, R BMI. BETR. A ML S F T, B AR 5
MifsE24] 467 PIGF. UtA-RI 0.827 (BREA RN, AT
. " SN T L A B R,
Kim %[35] 532 WS, BMIL #IfZE AL uE3  0.73 (ELASAT A SR T

F# . BMI. MAP. PIGF,

AN 071  EEXHERARE SMEMEZIR, BN AR

Chen %[46] 769

RN BURCRE 22 57 R A iR DRGSR SR T e LA J 20 3 5, NS PR AN T AL : Benkd
SE[AS]HIBIT FUIE T BRI 2 o NTE, TRt S5 [24] AT o0 GO T, SRR, i XA 2 e XU
AEMPARAE AT REAAAEZE S, SOMARZ AL RE ). U, TN (8] i AN 2 B £ 28 R (11~13 JA) T
M, AR REHE SR 22 5(20~24 JA)Fahs, LI s B A B AR (U SE W SR, SN AR R I S v, R T R
Wbl 5=, BRMEIILZER: Benko SF[A51R M 58 5 USRS Wit (RN e ik, 5 ik
U, EUINBHARRRALE, RN ML SR S R bR, BTN R RERLIG; Bl a4 [24] R Logistic [2] )
PP, i ZYEEIRbR, ERFBETEFFHIT, WReAAEMm AT, 2800, fabrdl &7 52mT: Chen 5%
[46]EF XS R fE NFF RO B FE TN R RE H 48 (AUC = 0.71), $&onRSE AFERUIAMEZ SR, i fa R 3R A b 1 59
BRI T RE ST T, RURRFABRIRKIN: BUA B P Benks S8[45]75 18 T B, HARKILEH
S T AR s B SE[24] BRI NGB BIRNE, HAMA T 2507 NI — XA R B . IR AR RGO
XU AR (AR B . WA KA B 322207 W) S QMR SN AR, RE & S XA
ORI R SRENG . BEAh, FMF SEAAE B h BN 5 2 PE ferth 3 mT ik 909% A _E[39], (HAEXUIA AL BE
W N FE[AT], AT RES UM B A B R SR 0%, B ARUiG R sFIt-1 T e R BT AG A AR T AR R
MM sREA[10], 7 EHTRAERE T SR AL 0515 H b BB

5. S S RE
RATHA BTG T2, (B2 SUR S HIIG 2 PRk, KBt 6] T ARBE TR Iy 0.
5.1. HETHRKREMRYE

YT YR PE BN A Z R . Bk, Z2H ARG, 0 H R a5
—, HE=Z NAMERINAE, BRI AN DL IE[48] . B[40 L5835, SUIRLEGR PE T 5%
FFIEREAREA R B2 N AMRIGTESE R, 72 2 102 HO KA 78 LU Bh I R P

Hk, B B PE TR AL 32 AT S i A TR A, LA RUIA e 4 A ARD3d FH M 1 AS B A [50]
FMF S92 7F B R S 0 w700 7 % 78 PE G HE SR AT K 9096 LA L, {EL7E SUIR AR 4% b () T 25 it 55 2% TS B [47]

I, ZHET TN T TR PR sFIt-1. PIGF S5 I35 A An EWA I R A e w5y, 75 B4 s R A I 152
BANRF, ERBETVAIHET FERMESL] . T 5 sk 2 5 S 7 R R 75 2L Ml s e R ey ity 15 4%
PRI T 2 R [52]
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5.2. RFKMERHE

BT IA BT RARIRYE, RRXUBIEGR PE FIAHT 58T LR 77 iRk -

HF—, FFRZ PO, WTIEYEINTRAE. BE 2 RKEIT VI REATIETERA IR 7T, X IA B k4T 41
PRIGAE, VPR R FE A AFEHX R EEAZ R ). TR R R Mg R BT IR R A
PR LRRHIEZE S, HREIUE AR FpoH S B AT RS v B, W AR IR G PP . [RIEE, R XU A
RGEBENE 222770 SRR —ZO) AT 73204, TR OGS A TR0 R4 e PR 52 0 o

0, MBS TN . A RHARIG REFIE . I35 2 bn B0 MO E HR bR, M 2 B TR A,
FEFH TN R RE[53] o FEFRARIERE b 78 70 % FEORUIGRE IRV B UG A KA —BUE AR BN, R
ZH 5 PIGF. sFIt-1 %5 ifn 3 A pRIK T I3 HAEH ;. SR BIEPE R E N5 )2 IR B8 I, o0 A AT AR s
27077 N(IVF 5 E R 52 42) T RERZIA IR B T RS LT A B 267K P [22] 75 VPAS 5 hm B B & 20081
Meiri Z5[S418F 78 o, RAINLAR 5 21 BE& = AN Z I REA TR 3 A A= Ppbm 40, TRIRUIG PE 1) AUC Al ik
0.97, 10%MEFHPEZ TAL H ZiA 91%, PRSI, ZHSBG R IRT AR A JU& 1t .

B2, HATWAS . §RFEARE, XERBAM AT PE. & FGR 544 FGR I PE 451317
SYEHT, REARNE AL a3 22 5, A X PR I TR AR 2

S0, MBS IRRBENLARMR. XGBoost. 37 FF A1 R LN %8 2 5] BE L XUIR I 4Rk PE
MR, 5455 Logistic AR BT LLER, FHREAREIESA]. VLA B AE B 24w 4E 500
AR R AR A AR, AR SUIG R AR B (AN SR B UG A KA — 850 5 Ho A T R 7 1
A H RN B A Bl e S f AR R VAT B AR AR By KA B R ST R A A, R F R
B I RRAE B VT A AT R SRR A K AR A A, N R B R A o (E R R R A e
T L L T Y B AL (U0 A2 SCBGAIE) AN A BB 36 AIE WA 2 AL RE F1[51] .

B, FPRIETNEE . FIHZR B B2 )2 R8s, WEShA MR, Sl PE
JRV: P SR BE T AN A VP4l o XUBR ISR, A At A BEA G Il 38 47 o il 2 e AR TR R 2, BN HRAUA BEEE
WA RS AR I o 1)l DAZ A REARRRAE A JE 2R, SRS NZaF I PIGF. sFIt-1 K1 E sk £ 3%
PR EA, RABCGBAEL landmark 7387 757, PPASAS [FTS T sit XSS 58 307 PRI R AN

HN, BALIRIRIR SR R G0. B2 T HBAUT KIG IR IR SR RS, BNHBTWN RS, SCHl PE
IR B BAG VTG R TR, S BhIG PR PSR o 5t XUBR IR IR s R G0 N B XU T FH 11 BRI B8] LR T 34
UIARYE XA AL BRRS % sFIt-1/PIGF EUE ARIKTE[29], BIE T REMMEIRA Y ZEH T K. F RGN
B TIRRENE, TSRS AR TTRRR 3R, 1 SR I R 2 B AVB AT .

HG, JRRTP RS B TR e N, TR TS T TR AT (/N R R S VT AR 4
FIANTE . AT TS, VPAL T TS b A RO A 2 Ak [55] . BUIA AR gk P TR T T IR AL, R
AR AT Be e TER G, 91t el =] DU B A JE 3 4 Sl B ) o 7% ZE XU A o AT B AT R B0 38 IE [55]
KA 4 B PRI B i A /5 fG A, T SR ATHEVE T T00R5,  SICIR A JRURS: Tt 1) IR 1 F 1 P A 3

6. 4518

UIE SR 9 B 30 00 R WL B B B AR AR G O I A e DR iy o B A LB A7 A7 88 T 22 g2
W AREELER R, HEIRMEOUE 18— B0 X DA BUAER T . BEARIG RAFAE(Z2 AT BMIL 220
WhE ., 77 BB UG KA —E) ML FEPR(PIGF. sFIt-1. PAPP-A. cffDNAF %) 7E XU
PE Tl HoA EEMME, T AR AR R T AN RE R . BUA R, AR T E A IR, 2R
PRIBR SRR AT B S ST PN AE R P . AT S IR R A AN AL SRZANERIRAIE TS AR AR v Sk
o ARKMBT 2 O KRB ST . RSB AL . BLEs =7 > S0 0 S2 T DA I PR ke

DOI: 10.12677/acm.2026.1641221 29 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1641221

et ZEA

KIFFRGIIT R, LASKBLXUIR PE BURGHE I & AT ML B, e 28208 BERR AR

SE K

(1]
(2]
(3]

(4]

(5]

(6]
[7]

(8]
(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]
[19]
[20]

[21]

Chappell, L.C., Cluver, C.A., Kingdom, J. and Tong, S. (2021) Pre-Eclampsia. The Lancet, 398, 341-354.
https://doi.org/10.1016/s0140-6736(20)32335-7

Bokuda, K. and Ichihara, A. (2023) Preeclampsia up to Date—What’s Going on? Hypertension Research, 46, 1900-1907.
https://doi.org/10.1038/s41440-023-01323-w

Aviram, A., Berger, H., Abdulaziz, K.E., Barrett, J.F.R., Murray-Davis, B., McDonald, S.D., et al. (2021) Outcomes
Associated with Hypertensive Disorders of Pregnancy in Twin Compared with Singleton Gestations. Obstetrics & Gy-
necology, 138, 449-458. https://doi.org/10.1097/a0g.0000000000004506

Sibai, B.M., Hauth, J., Caritis, S., Lindheimer, M.D., MacPherson, C., Klebanoff, M., et al. (2000) Hypertensive Disor-
ders in Twin versus Singleton Gestations. American Journal of Obstetrics and Gynecology, 182, 938-942.
https://doi.org/10.1016/s0002-9378(00)70350-4

Whittaker, M., Greatholder, I., Kilby, M.D. and Heazell, A.E.P. (2023) Risk Factors for Adverse Outcomes in Twin
Pregnancies: A Narrative Review. The Journal of Maternal-Fetal & Neonatal Medicine, 36, Article ID: 2240467.
https://d0i.org/10.1080/14767058.2023.2240467

Siegler, Y. (2025) Preeclampsia in Twin Pregnancies: Time for Differential Approaches? European Journal of Obstetrics
and Gynecology and Reproductive Biology, 292, 112-118.

Wu, H., Yu, L., Xie, Z., Cai, H. and Wen, C. (2024) The Impact of Maternal Serum Biomarkers on Maternal and Neonatal
Outcomes in Twin Pregnancies: A Retrospective Cohort Study Conducted at a Tertiary Hospital. PeerJ, 12, e18415.
https://doi.org/10.7717/peerj.18415

Magee, L.A., Nicolaides, K.H. and von Dadelszen, P. (2022) Preeclampsia. New England Journal of Medicine, 386,
1817-1832. https://doi.org/10.1056/nejmra2109523

Burton, G.J., Redman, C.W., Roberts, J.M. and Moffett, A. (2019) Pre-Eclampsia: Pathophysiology and Clinical Impli-
cations. BMJ, 366, 12381. https://doi.org/10.1136/bmj.12381

Bdolah, Y., Lam, C., Rajakumar, A., Shivalingappa, V., Mutter, W., Sachs, B.P., et al. (2008) Twin Pregnancy and the
Risk of Preeclampsia: Bigger Placenta or Relative Ischemia? American Journal of Obstetrics and Gynecology, 198,
428.e1-428.e6. https://doi.org/10.1016/j.aj0q.2007.10.783

Adank, M.C., Broere-Brown, Z.A., Gongalves, R., Ikram, M.K., Jaddoe, V.W.V., Steegers, E.A.P., etal. (2020) Maternal
Cardiovascular Adaptation to Twin Pregnancy: A Population-Based Prospective Cohort Study. BMC Pregnancy and
Childbirth, 20, Article No. 327. https://doi.org/10.1186/s12884-020-02994-w

Ghi, T., Dall’Asta, A., Franchi, L., Fieni, S., Gaibazzi, N., Siniscalchi, C., et al. (2018) The Effect of Chorionicity on
Maternal Cardiac Adaptation to Uncomplicated Twin Pregnancy: A Prospective Longitudinal Study. Fetal Diagnosis
and Therapy, 45, 394-402. https://doi.org/10.1159/000490462

Melchiorre, K. and Thilaganathan, B. (2021) Maternal Cardiac Function in Preeclampsia. Current Opinion in Obstetrics
and Gynecology, 33, 367-373.

Ackerman, C. (2023) Placental Transcriptome Analysis in Twin Pregnancies with Preeclampsia. Placenta, 142, 45-53.

Roberts, J.M., Rich-Edwards, J.W., McElrath, T.F., Garmire, L. and Myatt, L. (2021) Subtypes of Preeclampsia: Recog-
nition and Determining Clinical Usefulness. Hypertension, 77, 1430-1441.
https://doi.org/10.1161/hypertensionaha.120.14781

Gong, X., He, W., Jin, W., Ma, H., Wang, G., Li, J., et al. (2024) Disruption of Maternal VVascular Remodeling by a Fetal
Endoretrovirus-Derived Gene in Preeclampsia. Genome Biology, 25, Article No. 117.
https://doi.org/10.1186/s13059-024-03265-z

Yang, R., Yuan, X., Zheng, W., Wang, J., Zhang, K., Ma, Y., et al. (2023) Dynamic Changes in Blood Lipid Levels and
Their Associations with Hypertensive Disorders of Pregnancy in Twin Pregnancy: A Retrospective Study. Journal of
Clinical Lipidology, 17, 765-776. https://doi.org/10.1016/j.jacl.2023.09.001

Song, H.Y., Liu, Z.D. and Qian, N.F. (2018) Clinical Analysis of High Risk Factors for Preeclampsia in Twin Pregnancy.
Chinese Journal of Physicians, 20, 976-979. (In Chinese)

Rana, S., Lemoine, E., Granger, J.P. and Karumanchi, S.A. (2019) Preeclampsia: Pathophysiology, Challenges, and Per-
spectives. Circulation Research, 124, 1094-1112. https://doi.org/10.1161/circresaha.118.313276

Phipps, E.A., Thadhani, R., Benzing, T. and Karumanchi, S.A. (2019) Pre-Eclampsia: Pathogenesis, Novel Diagnostics
and Therapies. Nature Reviews Nephrology, 15, 275-289. https://doi.org/10.1038/s41581-019-0119-6

Okby, R., Harlev, A., Sacks, K.N., Sergienko, R. and Sheiner, E. (2018) Preeclampsia Acts Differently in in Vitro

DOI: 10.12677/acm.2026.1641221 30 I IR 22 it g


https://doi.org/10.12677/acm.2026.1641221
https://doi.org/10.1016/s0140-6736(20)32335-7
https://doi.org/10.1038/s41440-023-01323-w
https://doi.org/10.1097/aog.0000000000004506
https://doi.org/10.1016/s0002-9378(00)70350-4
https://doi.org/10.1080/14767058.2023.2240467
https://doi.org/10.7717/peerj.18415
https://doi.org/10.1056/nejmra2109523
https://doi.org/10.1136/bmj.l2381
https://doi.org/10.1016/j.ajog.2007.10.783
https://doi.org/10.1186/s12884-020-02994-w
https://doi.org/10.1159/000490462
https://doi.org/10.1161/hypertensionaha.120.14781
https://doi.org/10.1186/s13059-024-03265-z
https://doi.org/10.1016/j.jacl.2023.09.001
https://doi.org/10.1161/circresaha.118.313276
https://doi.org/10.1038/s41581-019-0119-6

fefl, ZEH

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

Fertilization versus Spontaneous Twins. Archives of Gynecology and Obstetrics, 297, 653-658.
https://doi.org/10.1007/s00404-017-4635-y

Zhao, L., Sun, L., Zheng, X., Liu, J., Zheng, R., Yang, R., et al. (2020) In Vitro Fertilization and Embryo Transfer Alter
Human Placental Function through Trophoblasts in Early Pregnancy. Molecular Medicine Reports, 21, 1897-1909.
https://doi.org/10.3892/mmr.2020.10971

Campbell, M., Koegl, J., Bone, J.N., Nicolls, S., Lyons, J., Mayer, C., et al. (2025) Differences in Risk Factors for Severe
Preeclampsia and HELLP Syndrome in Singleton versus Twin Pregnancies: A Population-Based Cohort Study. BJOG:
An International Journal of Obstetrics & Gynaecology, 0, 1-12. https://doi.org/10.1111/1471-0528.18351

Lu, Y., Li,Q.S.,Meng, D.Y., etal. (2024) Development of a Risk Prediction Model for Preeclampsia in Twin Pregnancy.
Journal of Preventive Medicine, 36, 283-287. (In Chinese)

Qiao, P., Zhao, Y., Jiang, X., Xu, C,, Yang, Y., Bao, Y., et al. (2020) Impact of Growth Discordance in Twins on
Preeclampsia Based on Chorionicity. American Journal of Obstetrics and Gynecology, 223, 572.e1-572.e8.
https://doi.org/10.1016/j.aj00.2020.03.024

Ohkuchi, A. (2025) Inter-Twin Growth Discordance in Monochorionic Twins as a Novel Risk Factor for Preeclampsia.
Hypertension Research, 48, 1024-1026. https://doi.org/10.1038/s41440-024-02047-1

Nevo, O., Many, A., Xu, J., Kingdom, J., Piccoli, E., Zamudio, S., et al. (2008) Placental Expression of Soluble Fms-
Like Tyrosine Kinase 1 Is Increased in Singletons and Twin Pregnancies with Intrauterine Growth Restriction. The Jour-
nal of Clinical Endocrinology & Metabolism, 93, 285-292. https://doi.org/10.1210/jc.2007-1042

Zhong, Y., Zhu, F. and Ding, Y. (2015) Serum Screening in First Trimester to Predict Pre-Eclampsia, Small for Gesta-
tional Age and Preterm Delivery: Systematic Review and Meta-Analysis. BMC Pregnancy and Childbirth, 15, Article
No. 191. https://doi.org/10.1186/s12884-015-0608-y

Droge, L., Herraiz, 1., Zeisler, H., Schlembach, D., Stepan, H., Kussel, L., et al. (2015) Maternal Serum sFlt-1/PIGF
Ratio in Twin Pregnancies with and without Pre-Eclampsia in Comparison with Singleton Pregnancies. Ultrasound in
Obstetrics & Gynecology, 45, 286-293. https://doi.org/10.1002/u0q.14760

Martinez-Varea, A., Martinez-Saez, C., Domenech, J., Desco-Blay, J., Monfort-Pitarch, S., Hueso, M., et al. (2022) sFlt-
1/PIGF Ratio at 24 Weeks Gestation in Twin Pregnancies as a Predictor of Preeclampsia or Fetal Growth Restriction.
Fetal Diagnosis and Therapy, 49, 206-214. https://doi.org/10.1159/000525169

Yang, M., Bai, Y., Li, M., Lin, X., Duan, X. and Zhang, X. (2024) Predictive Value of the Soluble Fms-Like Tyrosine
Kinase 1 to Placental Growth Factor Ratio for Preeclampsia in Twin Pregnancies: A Systematic Review and Meta-
Analysis. American Journal of Obstetrics & Gynecology MFM, 6, Article ID: 101290.
https://doi.org/10.1016/j.ajogmf.2024.101290

Svirsky, R., Levinsohn-Tavor, O., Feldman, N., Klog, E., Cuckle, H. and Maymon, R. (2016) First- and Second-Tri-
mester Maternal Serum Markers of Pre-Eclampsia in Twin Pregnancy. Ultrasound in Obstetrics & Gynecology, 47, 560-
564. https://doi.org/10.1002/u0g.14873

Queiros, A., Gomes, L., Pereira, I., Charepe, N., Plancha, M., Rodrigues, S., et al. (2024) First-Trimester Serum Bi-
omarkers in Twin Pregnancies and Adverse Obstetric Outcomes—A Single Center Cohort Study. Archives of Gynecol-
ogy and Obstetrics, 310, 315-325. https://doi.org/10.1007/s00404-024-07547-6

Svirsky, R., Sharabi-Nov, A., Maymon, R., Kugler, N., Landau Rabbi, M., Brown, R., et al. (2025) Prediction of
Preeclampsia in Twins Using First Trimester: cffDNA fraction, PIGF, and MAP. Prenatal Diagnosis, 45, 968-978.
https://doi.org/10.1002/pd.6820

Kim, Y.R., Jung, I., Heo, S.J., Chang, S.W. and Cho, H.Y. (2021) A Preeclampsia Risk Prediction Model Based on
Maternal Characteristics and Serum Markers in Twin Pregnancy. The Journal of Maternal-Fetal & Neonatal Medicine,
34, 3623-3628. https://doi.org/10.1080/14767058.2019.1686757

Lu, Y., Li, Q., Meng, D., Mei, L., Ding, Z., Li, W., et al. (2025) Construction and Validation of a Column-Line Diagram
Predictive Model for the Development of Preeclampsia in Women with Twin Pregnancies: A Retrospective Study. Med-
icine, 104, e45407. https://doi.org/10.1097/md.0000000000045407

Springer, S., Polterauer, M., Stammler-Safar, M., Zeisler, H., Leipold, H., Worda, C., et al. (2020) Notching and Pulsa-
tility Index of the Uterine Arteries and Preeclampsia in Twin Pregnancies. Journal of Clinical Medicine, 9, Article No.
2653. https://doi.org/10.3390/jcm9082653

Rizzo, G., Pietrolucci, M.E., Aiello, E., Capponi, A. and Arduini, D. (2014) Uterine Artery Doppler Evaluation in Twin
Pregnancies at 11 + 0 to 13 + 6 Weeks of Gestation. Ultrasound in Obstetrics & Gynecology, 44, 557-561.
https://doi.org/10.1002/u0g.13340

Chaemsaithong, P., Sahota, D.S. and Poon, L.C. (2022) First Trimester Preeclampsia Screening and Prediction. American
Journal of Obstetrics and Gynecology, 226, S1071-S1097.e2. https://doi.org/10.1016/].ajog.2020.07.020

von Dadelszen, P., Payne, B., Li, J., Ansermino, J.M., Pipkin, F.B., C6té, A., et al. (2011) Prediction of Adverse Maternal

DOI: 10.12677/acm.2026.1641221 31 I IR 22 it g


https://doi.org/10.12677/acm.2026.1641221
https://doi.org/10.1007/s00404-017-4635-y
https://doi.org/10.3892/mmr.2020.10971
https://doi.org/10.1111/1471-0528.18351
https://doi.org/10.1016/j.ajog.2020.03.024
https://doi.org/10.1038/s41440-024-02047-1
https://doi.org/10.1210/jc.2007-1042
https://doi.org/10.1186/s12884-015-0608-y
https://doi.org/10.1002/uog.14760
https://doi.org/10.1159/000525169
https://doi.org/10.1016/j.ajogmf.2024.101290
https://doi.org/10.1002/uog.14873
https://doi.org/10.1007/s00404-024-07547-6
https://doi.org/10.1002/pd.6820
https://doi.org/10.1080/14767058.2019.1686757
https://doi.org/10.1097/md.0000000000045407
https://doi.org/10.3390/jcm9082653
https://doi.org/10.1002/uog.13340
https://doi.org/10.1016/j.ajog.2020.07.020

(E3EN

R
S

t

1]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]
[50]

[51]

[52]

(53]

[54]

[55]

Outcomes in Pre-Eclampsia: Development and Validation of the fullPIERS Model. The Lancet, 377, 219-227.
https://doi.org/10.1016/s0140-6736(10)61351-7

Payne, B.A., Hutcheon, J.A., Ansermino, J.M., Hall, D.R., Bhutta, Z.A., Bhutta, S.Z., et al. (2014) A Risk Prediction
Model for the Assessment and Triage of Women with Hypertensive Disorders of Pregnancy in Low-Resourced Settings:
The miniPIERS (Pre-Eclampsia Integrated Estimate of Risk) Multi-Country Prospective Cohort Study. PLOS Medicine,
11, e1001589. https://doi.org/10.1371/journal.pmed.1001589

Wright, D., Wright, A. and Nicolaides, K.H. (2020) The Competing Risk Approach for Prediction of Preeclampsia.
American Journal of Obstetrics and Gynecology, 223, 12-23.e7. https://doi.org/10.1016/j.aj0g.2019.11.1247

Maymon, R., Trahtenherts, A., Svirsky, R., Melcer, Y., Madar-Shapiro, L., Klog, E., et al. (2016) Developing a New
Algorithm for First and Second Trimester Preeclampsia Screening in Twin Pregnancies. Hypertension in Pregnancy, 36,
108-115. https://doi.org/10.1080/10641955.2016.1242605

Benkd, Z., Chaveeva, P., de Paco Matallana, C., Zingler, E., Wright, D. and Nicolaides, K.H. (2019) Revised Competing-
risks Model in Screening for Pre-eclampsia in Twin Pregnancy by Maternal Characteristics and Medical History. Ultra-
sound in Obstetrics & Gynecology, 54, 617-624. https://doi.org/10.1002/uog.20411

Benkd, Z., Chaveeva, P., de Paco Matallana, C., Zingler, E., Wright, A., Wright, D., et al. (2019) Validation of Compet-
ing-Risks Model in Screening for Pre-Eclampsia in Twin Pregnancy by Maternal Factors. Ultrasound in Obstetrics &
Gynecology, 53, 649-654. https://doi.org/10.1002/u0g.20265

Chen, J., Zhao, D., Liu, Y., Zhou, J., Zou, G., Zhang, Y., et al. (2020) Screening for Preeclampsia in Low-Risk Twin
Pregnancies at Early Gestation. Acta Obstetricia et Gynecologica Scandinavica, 99, 1346-1353.
https://doi.org/10.1111/a0gs.13890

Benkd, Z., Chaveeva, P., de Paco Matallana, C., Zingler, E., Wright, D. and Nicolaides, K.H. (2019) Revised Competing-
Risks Model in Screening for Pre-Eclampsia in Twin Pregnancy by Maternal Characteristics and Medical History. Ul-
trasound in Obstetrics & Gynecology, 54, 617-624. https://doi.org/10.1002/u0g.20411

Tan, M.Y., Syngelaki, A., Poon, L.C., Rolnik, D.L., O’Gorman, N., Delgado, J.L., et al. (2018) Screening for Pre-Ec-
lampsia by Maternal Factors and Biomarkers at 11-13 Weeks’ Gestation. Ultrasound in Obstetrics & Gynecology, 52,
186-195. https://doi.org/10.1002/u0g.19112

Fan, B.Y. and Hu, L.Y. (2024) Research Advancements on the Pathogenesis and Prediction Approaches of Twin Preg-
nancies Complicated with Preeclampsia. Journal of International Obstetrics and Gynecology, 51, 611-615. (In Chinese)

Roman, A., Saltzman, D., Hourizadeh, T., Hastings, J., Rebarber, A. and Fox, N. (2013) Risk Factors for Preeclampsia
in Twin Pregnancies. American Journal of Perinatology, 31, 163-166. https://doi.org/10.1055/s-0033-1343775

Collins, G.S., Reitsma, J.B., Altman, D.G. and Moons, K.G.M. (2015) Transparent Reporting of a Multivariable Predic-
tion Model for Individual Prognosis or Diagnosis (TRIPOD): The TRIPOD Statement. Circulation, 131, 211-219.
https://doi.org/10.1161/circulationaha.114.014508

von Elm, E., Altman, D.G., Egger, M., Pocock, S.J., Ggtzsche, P.C. and Vandenbroucke, J.P. (2007) The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Statement: Guidelines for Reporting Observational
Studies. The Lancet, 370, 1453-1457. https://doi.org/10.1016/s0140-6736(07)61602-x

Riley, R.D., Ensor, J., Snell, K.L.E., Harrell, F.E., Martin, G.P., Reitsma, J.B., et al. (2020) Calculating the Sample Size
Required for Developing a Clinical Prediction Model. BMJ, 368, m441. https://doi.org/10.1136/bmj.m441

Meiri, H., Bevilacqua, E., Kugler, N., Michelson, T., Sharabi-Nov, A., Svirsky, R., et al. (2026) Preeclampsia Prediction
by Machine Learning in Twin Pregnancies. Fetal Diagnosis and Therapy, 1-13.
https://doi.org/10.1159/000549223

Rolnik, D.L., Wright, D., Poon, L.C., O’Gorman, N., Syngelaki, A., de Paco Matallana, C., et al. (2017) Aspirin versus
Placebo in Pregnancies at High Risk for Preterm Preeclampsia. New England Journal of Medicine, 377, 613-622.
https://doi.org/10.1056/nejmoal 704559

DOI: 10.12677/acm.2026.1641221 32 I IR 22 it g


https://doi.org/10.12677/acm.2026.1641221
https://doi.org/10.1016/s0140-6736(10)61351-7
https://doi.org/10.1371/journal.pmed.1001589
https://doi.org/10.1016/j.ajog.2019.11.1247
https://doi.org/10.1080/10641955.2016.1242605
https://doi.org/10.1002/uog.20411
https://doi.org/10.1002/uog.20265
https://doi.org/10.1111/aogs.13890
https://doi.org/10.1002/uog.20411
https://doi.org/10.1002/uog.19112
https://doi.org/10.1055/s-0033-1343775
https://doi.org/10.1161/circulationaha.114.014508
https://doi.org/10.1016/s0140-6736(07)61602-x
https://doi.org/10.1136/bmj.m441
https://doi.org/10.1159/000549223
https://doi.org/10.1056/nejmoa1704559

	母体临床特征与血生化指标在双胎妊娠子痫前期风险预测中的应用：现状与展望
	摘  要
	关键词
	Application of Maternal Clinical Characteristics and Blood Biochemical Markers in Risk Prediction of Preeclampsia in Twin Pregnancies: Current Status and Future Perspectives
	Abstract
	Keywords
	1. 引言
	2. 双胎妊娠子痫前期的发病机制
	3. 双胎妊娠子痫前期的预测因子
	3.1. 母体临床特征
	3.2. 血生化指标
	3.3. 超声指标

	4. 双胎妊娠子痫前期预测模型的现状
	4.1. 单胎妊娠预测模型及其借鉴意义
	4.2. 双胎妊娠预测模型的探索
	4.3. 现有模型的效能比较与启示

	5. 挑战与展望
	5.1. 当前研究的局限性
	5.2. 未来研究方向

	6. 结语
	参考文献

