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Modern concepts of etiology, pathogenesis and risk
factors for preeclampsia

Maria Yu. Abramova, Mikhail I. Churnosov
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Preeclampsia is a serious complication of pregnancy and complicates its course in 2-8% of all cases. According to
the literature, the disease is associated with an increase in maternal and perinatal morbidity and mortality, and is a predictor
of the development of chronic diseases in the distant future, which is an important medical and social issue. Of particular
interest is the study of the molecular mechanisms of etiopathogenesis and risk factors for preeclampsia, which, unfortu-
nately, are currently poorly studied and understood, thus dictating the need for further study of this complication of pregnancy.
This article discusses the current understanding of the etiology, pathogenesis and risk factors for preeclampsia.
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CoBpeMeHHble npepcTaBneHua 06 atnonorum,
naToreHese U ¢paKkTopax pUcKa npe3aknaMmncum

M.I0. Abpamoga, M.U. YypHocos

benropoackui rocyaapcTBEHHbIN HaLMOHaNbHbIM UCCNe0BaTeNbCKUIA yHUBepcuTeT, benropoa, Poccua

MpeaknaMncus ocnoMHAEeT TeyeHne bepeMeHHOCTU B 2-8 % Bcex cyyaeB. [pesknamncus, o AaHHbIM UTepaTypbl,
accouMmMpoBaHa C yBeJIMYeHNEM MaTEPUHCKOM M NepuHaTanbHOM 3a60/1eBaeMOCTU M CMEPTHOCTH, a TaKKe ABNAETCA npe-
AMKTOPOM PasBMTMA XPOHWYECKMX 3ab0ieBaHUI B OTAANEHHOM OyaylleM, YTO NpeacTaBnAeT coboi BaxHylo MeamKo-
coumanbHyto npobneMy. Ocobblii UHTEpPEC BbI3bIBAIOT MONEKY/APHbIE MeXaHW3Mbl 3TMONaToreHe3a M GaKTopbl pUCKa npe-
3KNAMICKK, KOTOPbIE, K COMANEHMIO, B HAcTOALLLEE BPEMA HEA0CTAaTOYHO U3YUeHbI M MOHATHbI, Y4TO AMKTYET HE06X0AUMOCTb
AanbHeMLero uccneaoBaHWsA AaHHOMO MPO3HOTO OC/OHEHWA bepeMeHHOCTW. B AaHHOM CTaTbe pacCMOTpeHbl COBPEMeH-
Hble NpeaCcTaBeHna 06 3TMOOrMK, NaToreHe3e M GaKkTopax pUcKa NPesKNamncum.

KnioueBble cnoBa: NPpe3xkaMncua; 3STUONOruA; NaTtoreHes; ¢aHTOpr PUCKa.
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IARME SN, TR AT (PE) IR R I A Bk
= (=140/90 mmHg) , FRAJR (=0.3 g/ KD,
FAEA KM &R B RS BIR[1] . 1X 4
SR AT B8 R AAE MR A B8] (208 J5 ) A= s B e

(Kik28K) .

2—8%IW AL IR FF T AT H, & A ERA =1 5E
TR R 2 — (2] R4S W AR T
A RIS A3 BT AN B R R ] 20184F (Gt g )
ANATEAE, P W R R A R R EEN
27.4%o, B JE-FIR AT I %NS, 4%0(3] .

FRTFIRATHE AEGR3AR R0 SRR LI
Ja R BRI AR AT L M EARSKIR
ATRE R A SR IS 2RI PRI B TR e
O S ME O S E e A (4] RS
IR RS 1RO, 1697 TR AT I IME— A 0
AR, TOR AR GRIA AR, 33X X Rl = B R i 2
WOT Z L M E RN, HL A R R L 2
AR LR EIRZ(5].

IR A BA T LR AE B ] AME R T2 8
WEFL, KT ZIFRIERIR A K A 302 i B,
o fi 8 Bdis A2 Hop e 5 S BEAE R (6] - HAT,
HiRedman T 19914542 H 11 B 11 & R e v oy
B O w52 . 7R T AT I SR — I R
S I RE BRI IR B R A, S EUR RO A
DRSNS, HAE 2 B BOE BB 25 B AELT]
— A BRGS0 AT LR AN [
(AU, SO FIRATHATIMGI AR R - et TR R A

RMZREAE. Sk, 2SR , A
AL DIREREAG . HA—/ N EM 22348 fa HI 1
R AT I A S HESIKAN ¢ A EE I 4 (8]
TE AT T ar B, A 12% 06 HEILF K,
FHE5IZ MR E R AR BEE ARG ) LR A I R IE )
e WS 2o - BT 005 BA T B — A i e TR 3=
eI gRYIIAG R 75 (91,

FEGEGR A FR IS R, A5 IR, &M% F=4a A
FINTFENE, eIt LE TR, HEMRE
FERAE L NG, S NEFERAMITA TR AT S
A, BRI Y R PREEL10] . 31X LeAR 1k S 32 e s
WKHUEERIT T, MR I P9 R T E IR,
XA Bl TAEREAN U O A 0] 2 F5 2 0% 1 G B
TEFIRETI, XL R R ), A SRR E
1REATE LT ERRAL IR B ISR (11

JR G FOIG 5 1 B R F R A AR B B AR

(1—2%) BIZAMF TR AR, XTTRE BTG LA
A 35455 FNIE 036 77 40 B Th e BT b J5 1 [12] o
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AR ARk 15 S K (HIF-1oMHIF-2a)
FUEAL KT (TGF-B) Bk By, Xt
T TR MR IAR 28 B AR 1 G A L A 1)
InsE N EEGR 10846, FHEEE H ok B,
HIF-1la/HIF-2a fITGF-B3R ik FRAK, HEF= A0 H
B A AR B R AL, RE T A I IR
oAb, WEYR10f e RFEEIR, WFRE MRS,
S BOB e S KR IR AR, A LR B4R [13],
AN SHIHIF-1a/HIF-2a M TGF- PR £ %
KRR 22T FE LS 2 —. R.E. Albers
2N (2019) RIHIF-1a K Rk S HBUNR K=
I A8 PR 0B /N ER R AR AR L
AR 2R [14] . HIF-20/HIF-3afE NI P B2 A2 K
A7 (VEGF) AR A7~ (PIGE) M5,
T O ATV Fms FERR A BRI -1 (sF1t-1)
(P I S, XSGR T R = A f T2 e [15)
HEBURERAMUIET 8V, 1 HIEE T R4 H
SR AR IRV, TR AN R R B
TP, A A N R s T—A
REFHIsEe6]. S A S4uiE T,
FETBCEFP BT LA 28 BRI 28 24t i (8] I A
A DB BRI I, S EUN R 4K =
2 YD RERENG, A SO A I S 46 1171
AN AR T B B 28 AR TH BEFEAS . V.R. Vaka
LN (2018) WFFT T - B H 28 K0 4k 3 e B A
H 5N ThRe g 4 B I 28, 25 Mk
LI R o A4S S50 2, E TR AT,
LRI AR T N, £ BEE S B R R,
Tl 1R A s R ) B O R 1 ST ) 38, G AE
DNAFIRNAZG A5+ 40 M ZE T2 F1 N B T g e iS 1 K
At R (18] . H B2 B0 i i i Ak
FNAE 2B U A5 8 A 20 0 S8 B8 08 42 7= W 1 B K
R, K, T.N. PogorelovaZE N (20194F) &,
TEFIR B8 Lot b, i 2 L 23R A I A e By A AE
A DU TR 2 e b X R ZH Lo PRI i T 30% DL L,
T /S 5K 7 BT 5130 25 IRV BE T B 1720%[19] 6
AR =S5 RIET RN E,
SR =A EHIRANY S O o R iR E S NS X K= AR =
M AR TR e BESE R DI REA 7840 15
AL M KT REBAL 20, BEAbh, AR
3 AR 26 AR IR T Cn R AE IR T o AT 4
M2 (TIL)-6) 1724z, BAKIs >t 98 4 a7
(IL-10) A B IG 50 9 RE S B, AT 204 i
it [21]. [FIR, BEE AN R R, BR b
ML TAESZ B30, I AT 7T AR
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B T S SR AT 2 I H R SR A i
(2 is > [22] .

PN B THRE RS e AR S5 B AE 0 A3 R AL
HR — AN IR o PN B A0 P 1) S e A
IR A R R SR, 106 5 B0 S 4R 7
(RIBE N (23, 24] o IR A= RS PR - 2% i 8] 42 5 R
PN B T R RS (T RN - T BRI PR 3R B, T
BOGMEIEIR . AT s REER BRI 1 (sF1t D
ST PP PRI PT I AR R (R ED , & —
FhE SIVEGFFE BT, 7E TR AT S T+ 51. VEGF
AMYAE IS4 e Hb ke B BEAEH , 10 ELTE 4 38 N 7
SR I D RE AN I N R CE/NBRIN R AR AR
FRIED BT R T TS 25 BB [25]. SF1t 1 (4P
(RTS8 N5 T/ INER N R AR AR NV R, 2H 27
5 FSRALT N A B A . B TR
AT, BLFEHELLPZE A 4E, 5 5sF1t IRTATEME N
JHE (e —FHmaE A R+ AT RRIE &
HK[26].

R4 B EA (MMP) 78 79 57 30 W 2
Thaebefg el B A =EEEH. MMP-2,
MMP-9, MMP-3. MMP-135 & & IR WEF7IZ 1R AN
HIP R AR ENS 50K RME LIRS
JRERHIREE, XA BT IS Besh ki Ay ik [27]
K FIMMPLH R IE [FIBRAR, 456 PR IEMMP A1) 5 &
FSPIBE I, 755 9 R A0, 380 A e RivE, AT
SRR IE R ZE128]

ARER-MERKZ-BEBHARS S
T BT R L ) Bt & 23R [29] .
F. Herse&EA (2013) KILN K hRERERS . N
- basass I REY SN G E AN EEEE TR

(AT2RD) FRIEHIBE L [AFFAERR R 5B Ry
ORABS, PR AR T S Tk R TR PR,
90 BT B 2 G 0] L R e R T T R 1
X2 B R B NEVE R AT 1 [30]. TR
T A GE o] I8 SR ok 2R T AU 38 I A AE ML
Z—rEAT2R1E SPUARRIRIE, XX HR AN
4 B JONE SIS o AT2R1 S HTi il e i 4t
M4 AT (sF1t LRISENG) H7=4E, iS85
1 H - T S A R FRIPA TP B i, [ 42
SRR I L E I 0 (310

B2 AR 1) o AN TE AR B T 79 s 3
K. o) L2 m R RB Y (FA50%H2 5
PURTERGILANG ) AR RD) , T iEiRid 2+
A G NS AV E RS HE R R B, AR
SRANM RN (NKERIE) R4 T o-EER [32]
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FEUEUR 3, 75 A T0% LA b 1 H v ke 4 i
F£CD56hiAICD5710 (UNK) 2 AU f) 15 NKZH i ,
IR BRI R TG IR, DAJG BATT 38 3 43 T 41 A
Al A A= s A i 2 51 B 98, s
U O 6 1A S5 2 20 (331 LAVEE 37 J2 41 i R THT N
RFEHLA-G5 uNKYH I (K TRAZ A (R 741D
AHE AR, AR R AR A% 15 40 B 1) 41 Bl B 1
PR AE B B AT #2, R PP IR )L 2 R A BESE
BRI R 9% I M. (R E, BE 4 HHLA-GFIKIR
SR 2R K I B [ T B8 S UE OR I RORE IR R 1
A, XEHT FE R0 7 [34] .
FRYES. A. RobertsonZEN (2018) , TibkEE 4 5 4F
0 L St 4 25 4 0 4 10—20%, £ R MR 73
FEA R A B EAER [35) . AT TIRE40HE Y (Treg)
RN TR EL M 5 (Tef ) 2Z [ FIASF4T (i 1]
Tef ) tH A B8 T A B & A8 1K V8 78 e s ALl
Z—[36]. Tef £l I BEUE A 40 Rl T RIS 4 5=
SR P IR T AR M B 1 X R B R B P AR fR T
SN, Wi Treg /A TL-10FITGR-PB, FEkCD25FIPD-LL,
B TR RAN TIRR B2 P Py e il SR R AN AR, 38
B RBIPTA. GBI 8 T [37)

TR AT B — ARG 7 R A MA R St
(R, I I8 5 Fas i A MAR IO W1 IR AR 6k
[PIFE R AR 5 AT~ B A T (MCP) TR T~
HorC3% . AMERGRIMIEARE T IH LR 5. W
M T2 LRI I VAR I PR R 334, i i T RS
A%, AR DRERAS (1) AN G ) L 52 1 Z Gt
S 381,

R T R SI Pk P v s P R A 3 1) = B2
FSGHR 3 A2 PR A P AR 1 2 5 A 5K R AR
VDI AR A48T o IR A e i SO s 5 b 4
B IM/E R HEAE A5, TR B 7K 7 (i)
W&, —EE (NO) , PR A R ] &
JSCHRII D [RIEE A R 28— URH AR ZRAL 107~ AR 35 0,
BARAKPMEW LG EH . 75 S 280N i fH
FI3n, AR ST [39] o 0 RT3 Lot o i g
SR RTIANZ S E R UM I, ax o] LLiE
E AT2RTFI B R AR - B L BRI FAT2RUAIZE
WOKB,SZ AR H 7R — AR FIAT2R 1524 H S i
(= A B BN Bk R TIFHRAE RS i [40].
T WL AT B T B B & IR & J& . CDA'T
WEZHM (Th1/Th2) | TregsAITef FRFANIEFE [A]
(RN RO TL-17 1 3 B 43 S AT 2R 152 4 (1) IfiL.
BT SR E ST = AR RGN, AN E A B
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HAfC & AT T KRENIR, HPa8 T4
130N AT BEFM T BASG RS PE 35 A5 2., TG 1K
PR bR EY . IR RS E e
[Rl25[42,43]. Bk, 76S. Rana%§ A (2019) J4HF 5T
(3w T B A ) fes B ERT B A AR XU (RRO K
INEATHER, FE0 NUUTLR: mifaRlE (RRY2.5)
FERFE TN AT, WbEIRIE . ZRALETR. 20T
PREFEEL (BMI) >30 kg/cm?. HiBEAR LR A1iE; 25—
HIGKZE (RR 1.8—2.5) ALHE RS LT BRI
FERE ANFERG AL R st F B AR FE R
12 PR 5« BF SRR UR A 88> 35 % | % i B A

(FLT, 2K rs4769613. PLEKHG, [ rs9478812%4%)
25 mE—HAKEENEREER (RRCL.8)
A0 35 T B3 S0 S AR L 13 06 e 4k = 4k

(PatauZE &1iE) [44],

AR 4 BAR B d . 18 v 3 ik i K 7E BT A 4R
W 1—5%, HA e IEF R AR AR 75% .
A. SyngelakiZEA (2018) KI, IEURRT 245
Jok v 1M s 55 0 BT 3 v XUBS A ¢ (RR 5,765
95% CI 4.93—6.73), 4£7% (RR 2.38;
95% CI 1.51—3.75) . ia 22 ) LA (RR 2.06;
95% CI 1.79—2.39) [45]. b4k, D. Nzelu
A (2018) $5HH, fEEE RN R,
RENBEURET /M H UG @ 25 IE T s,
IR R R R E140/90 mmHgBAR, &7
S BT AT AR R B SR 24 DL 1 (L 38 R AR AT
SRATAE . IX AT VRN R D RERERG . /Nalhk 25 350
JUTLBE 8 T IR VAT 248 AR St LA 47 ke ) e e PR A1
HK[46].

-0 HIT B B DL AT A A T R R R

(BMI=25 kg/m?) 1L 10% M Z2 10 4 AL E .
FEX. J. HeZ8 N AT 11T BA BT 55 1 25 2543 Bt
HROREI, B JrE A RE B S 1 A R 1 0 o8

(RR 2.48; 95% CI 2.05—2.90) [47]. fkE 5%k
BN kg/m?, BN AT I RS AE S
B N15% . 8 I LR PR AR, R AR X i
YR RFERI T A N30%[48]. 0.B. Kalinina
SEN (2012) FKEABMIHG IS TR AT EA A AR OG: fARE
IEH RS, ImARRINFIN T30, 2510. 38)4,
126,002, 35/ BMI=35 kg/m? (p<0.001) .
BMISIfLE OISce . £75K k. P35 likd) A B
FEIE[49].

Ui | (1N ol A A = = | =l 11
W, X5 15 & AH O% 0 Ik F K CRE 89 X RS
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FV Leiden. MTHFR C677T. Pt G20210A%% % /1>
— ot SR AR [ A7 7555 5 7 EE 1 1 AT SR FEAE OC
(RR 4.9; 95% CI 3.5—6.9) [51], MTHFRIE[FI R4S
(15—40%) LRI YIAIHIFINT (5—8%) |
LeidenZ&4F (3—6%) FIEEMAFFRIT (1—4%) AN
IR AT A L a3 R R v B B S R MR
RI2m F R R R MUE ATV LeidenZ8 AR 45
A, AR FF ACRE PRV 34 I 10—20 £ [52] » STk
GORHE 7 F SR PU SRR R Bl CO 7T THE N 58 A% &
G G 347 v I AR T A A ST S S R 2R (53]

W PR I3 AR Sy AR BTN T A BT R E R 2
AT NI o AR HE SCHR BT RE, 25—40%1) 1ALH% IR
I ZA A FN20—24% 1 2 40 PR Ip Z2 42 Wi o T i
HA[54]. S. Lisenkova®§ N (2013) KB, WEYRAT A
A FRBE PR Ip A2 T BT S A R R I — A S
Rl (KiX34/4, RR 1.87; 95% CI 1.60—2.81)
A& JE (RR 2.46; 95% CI 2.32— 2.61).
X5 4 By VW PR I/ 95 738 1R e RORRE JR s 5
BIE A7 1018 1 2 Jok v I s 1 4 % &% & R [55] .
TEK. Bramham (2017) ¥, 5 B0 R 5
P24 (9—17%) FHLL, A BRI B I 4

(35—66%) K AETTR T I AU B = [56] o thAh,
RIS PR HA GRS R 2 IR
MK I AR EREIESS AHOS, 5FWATIH
(P AE R e A L R AL, X mT DU AN [H] () A=
WikrEY) (PAT-1. JE 2. UAEAIZNI 2 755 7RI
PR b BE S A A R A 2 08 3 I A5 BIE S (671

B4 L = 7 R G B S IR T 0 R 2
R X T U U I RE () B I fE R R &R .
1EM. LewandowskiZEA (2020) 878, 5 TR BT EH
973 SE ) P P O ) A A v IO 9 9 P DXL ¥
Z1N (RR 27.54; 95% CI5.8—130.8; T B A
p<0.001, RR 22.90; 95% CI 7.3—72.4; {E4RIIE
1.4 p<0.001) [48] . - Bl B HIE ACERAE ARG FH
LM A — B BAR R I 2 (Rl & v T B
(IO e FEHARE IR BB B R AR A N
Jok TSR ARG 386 n25. 2% (95% CT 21.8—29.1),
DRI, 348 B s BEREIR 1K) B R A= 31
Jo AT S AT XU BE 1 10. 3% (95% €T 9.85—10.9) .
VBN IX S T35 DR 3 0 B BT BA
Ji& B F= R0, T A58 DR 250 e 39— i A 1Y)
TERCEA e B IEA (58]

BUA SCHR B (L 7 RO A Fb iR 5 74T 993 24 A1
TR AT R R ) o R EE . AL, A.B. Caughey
HAN (2005 K, SENLHEML, EE K E
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M R AT A B B W B Ry (RR 1.4
95% CI 1.25—1.62) , fE WP A F#Erh A
(RR 0.79; 95% CI 0.72—0.88) [59]. t4t,
RPN AH L, BN 1A £ R /T3 9 ROIE
M= 0T 2 B B 5 vy (R 107301 9 1k
121.8%1, 95% CI 69.7—212.9F124. 141, 95% CI
14.6—39.8, p<0.01) [60]. 5 3% KA g th 2= 5o
SRR ET RS, 5 R FROZE I A REAR L, AN
TR 1R 2R 1] R o G 9 S+ A 1) DR G 2 35 18

(RR 1.13; 95% CI 1.02—1.26) [61].

TR 7y AT T T I T ke B AR A
RIE SRR, B—Jk)E (BEE k)
RN 52 1 Lo VR AE S R BT D) B 00 v L, FR PR
EEIR, 28 78 XS S n24—163%[62]
N.C. SerranoZE A (2020) 34T —THT 75 £
Y, 3T 5% B 1N B0 S 2t R AR I R I
ORI PR DA S 5 48 o [ 2k o T 170 XU 1
hn2.43%% (95% CI 2.02—2.93) , £F3E K3, 3845

(95% CI 2.89—3.96) , BESEAIH K 4. 1765
(95% CI 2.60—6.69) 1[63]. B}3% (RR 1.41,
95% CI 1.04—1.90) . #H#k (RR 2.48,
95% CI 1.31—4.69) BT @ ME2E)E (RR 3.65,
95% CI 1.65—8.09) A Vsl fk s i v 5L 2,

REFERENCES

1. Reshetnikov EA. rs34845949 polymorphism of the SASHT
gene is associated with the risk of preeclampsia. Re-
search Results in Biomedicine. 2021:7(1):44-55. (In Russ.).
DOI: 10.18413/2658-6533-2020-7-1-0-4

2. WHO Guidelines Approved by the Guidelines Review Com-
mittee. WHO recommendations for prevention and treatment of
pre-eclampsia and eclampsia. World Health Organization; 2011.
[cited 23 Aug 2021]. Available from: https://pubmed.ncbi.nlm.nih.
gov/23741776/

3. Osnovnye pokazateli zdorov'ja materi i rebenka, dejatel'nost’
sluzhby ohrany detstva i rodovspomozhenija v Rossijskoj
Federacii. Statisticheskij sbornik 2018. Moscow; 2019. [cited
23.08.2021]. Available from: https://minzdrav.gov.ru/ministry/
61/22/stranitsa-979/statisticheskie-i-informatsionnye-materialy/
statisticheskiy-sbornik-2018-god. (In Russ.)

4. Garovic VD, White WM, Vaughan L, et al. Incidence and long-
term outcomes of hypertensive disorders of pregnancy. J Am Coll
Cardiol. 2020;75(18):2323-2334. DOI: 10.1016/],jacc.2020.03.028

5. Ivanov I, Cheripk MV, Kosolapova NV, et al. Preeklampsiya
beremennyh: osobennosti patogeneza, taktiki vedeniya. Tavricheskij
mediko-biologicheskij vestnik. 2012;15(2):273-286. (In Russ.)

6. Golovchenko 0, Abramova M, Ponomarenko |, et al. Functionally
significant polymorphisms of ESR1and PGR and risk of intrauterine

202458704, S

Journal of Obstetrics and Women's Diseases

- 1T XU 38 2% DA L [64], WA 4 Rk
R A O AR CRLFE A A0 8L B 5% o,
MR A% RCRER L2335 L B (RR 3.2,
95% CI 1.4—7.7) [65].

DRk, 36 skt [ N AR SRR PRI 9, FRATT T AT
HEAREE1: 55—, REARKEMTF, (EX 7
AT R R I 181 43 T i oAk . Lk, Gt
B BESE SRR @G AN R . B T RE RS |
I/ A= B R A S5 R AT AR R R R DG B IR 2R
EEATTE-5 SO R B 30050 U Bl b () SR
EER B, OHB0OEZMAFMFRAT A B
FERE R 2 G T3 % s Bl PR 12 1 3l ik
s iU BAEPE AR TS, (HIA B A
B3, HARHEOT A BRI R AN R, B
(7 &G IR = JLIR G 2 5 3 s AR W 2 FE I K F
TIRATHA, BoRE— P X — YR R E

RyilIEd S

BRI X TR T BE ).

FIZRIRR, 1 P, BEA IR A AL AR 28 SRAH 2%
Y e BE

FITE T HO SO ROBT FURIHE 2 S T 3Rk, ARk
I B AL T A hRA

growth restriction in population of central Russia. European Journal
of Obstetrics and Gynecology and Reproductive Biology. 2020;
253:52-57. DOI: 10.1016/j.€jogrb.2020.07.045

7. Pankiewicz K, Fijatkowska A, Issat T, et al. Insight into the key
points of preeclampsia pathophysiology: Uterine artery remadeling
and the role of MicroRNAs. Int J Mol Sci. 2021;22(6):3132.
DOI: 10.3390/ijms22063132

8. Hodzhaeva ZS, Holin AM, Vihljaeva EM. Rannjaja i pozdnjaja
prejeklampsija: paradigmy patobiologii i klinicheskaja praktika.
Obstetrics and Gynecology. 2013;(10):4-11. (In Russ.)

9. Ogge G, Chaiworapongsa T, Romero R, et al. Placental lesions
associated with maternal underperfusion are more frequent
in early-onset than in late-onset preeclampsia. J Perinat Med.
2011;39(6):641-652. DOI: 10.1515/jpm.2011.098

10. Ajlamazjan JeK, Stepanova Ol, Sel'kov SA, Sokolov DI. Kletki
immunnoj sistemy materi i kletki trofoblasta: “Konstruktivnoe
sotrudnichestvo” radi dostizhenija sovmestnoj celi. Vestnik Rossijskoj
akademii medicinskih nauk. 2013;68(11):12-21. (In Russ.)

11. Moser G, Windsperger K, Pollheimer J, et al. Human trophoblast
invasion: new and unexpected routes and functions. Histochem Cell
Biol. 2018;150(4):361-370. DOI: 10.1007/500418-018-1699-0

12. Highet AR, Khoda SM, Buckberry S, et al. Hypoxia induced
HIF-1/HIF-2 activity alters trophoblast transcriptional regulation

BOI: https://doi.org/10.17816/J0WD77046

m



112

REVIEW

and promotes invasion. Eur J Cell Biol 2015;94(12):589-602.
DOI: 10.1016/}.ejch.2015.10.004

13.Prossler J, Chen Q, Chamley L, James JL. The rela-
tionship between TGFB, low oxygen and the outgrowth
of extravillous trophoblasts from anchoring villi during
the first trimester of pregnancy. Cytokine. 2014;68(1):9-15.
DOI: 10.1016/j.cyt0.2014.03.001

14. Albers RE, Kaufman MR, Natale BV, et al. Trophoblast-spe-
cific expression of hif-To results in preeclampsia-like symp-
toms and fetal growth restriction. Sci Rep. 2019;9(1):2742.
DOI: 10.1038/s41598-019-39426-5

15.Qu H, Yu Q, Jia B, et al. HIF-3a. affects preeclampsia
development by regulating EVT growth via activation of the Flt-1/
JAK/STAT signaling pathway in hypoxia. Mol Med Rep. 2021;23(1):1.
DOI: 10.3892/mmr.2020.11701

16. Jena MK, Sharma NR, Petitt M, et al. Pathogenesis of
preeclampsia and therapeutic approaches targeting the placenta.
Biomolecules. 2020;10(6):953. DOI: 10.3390/biom10060953

17. Yagel S, Cohen SM, Goldman-Wohl D. An integrated model
of preeclampsia: a multifaceted syndrome of the maternal
cardiovascular-placental-fetal array. American journal of ob-
stetrics and gynecology. 2020;S0002-9378(20)31197-31202.
DOI: 10.1016/j.ajog.2020.10.023

18. Vaka VR, McMaster KM, Cunningham MW Jr, et al. Role
of mitochondrial dysfunction and reactive oxygen species in
mediating hypertension in the reduced uterine perfusion pressure
rat model of preeclampsia. Hypertension. 2018;72(3):703-711.
DOI: 10.1161/hypertensionaha.118.11290

19. Pogorelova TN, Krukier Il, Gunko VO, et al. The imbalance
of vasoactive components and arachidonic acid in the placenta
and amniotic fluid in preeclampsia. Biomedicinskaja himija.
2019;65(3):245-250. (In Russ.). DOI: 10.18097/PBMC20196503245
20. Taysi S, Tascan AS, Ugur MG, Demir M. Radicals, oxidative/
nitrosative stress and preeclampsia. Mini Rev Med Chem.
2019;19(3):178-193. DOI: 10.2174/1389557518666181015151350
21. Tendrio MB, Ferreira RC, Moura FA, et al. Cross-talk between
oxidative stress and inflammation in preeclampsia. Oxid Med Cell
Longev. 2019;2019:8238727. DOI: 10.1155/2019/8238727

22. Tal R, Shaish A, Barshack |, et al. Effects of hypoxia-inducible
factor-1alpha overexpression in pregnant mice: possible implications
for preeclampsia and intrauterine growth restriction. Am J Pathol.
2010;177:2950-2962. DOI: 10.2353/ajpath.2010.090800

23. Wang A, Rana S, Karumanchi SA. Preeclampsia: the role of
angiogenic factors in its pathogenesis. Physiology (Bethesda).
2009;24:147-158. DOI: 10.1152/physiol.00043.2008

24. Reshetnikov E, Ponomarenko |, Golovchenko 0O, et al. The VNTR
polymarphism of the endothelial nitric oxide synthase gene
and blood pressure in women at the end of pregnancy. Taiwan-
ese Journal of Obstetrics and Gynecology. 2019;58(3):390-395.
DOI: 10.1016/}.tjog.2018.11.035

25. Steinberg G, Khankin EV, Karumanchi SA. Angiogenic factors
and preeclampsia. Thromb Res. 2009;123(Suppl 2):593-99.
DOI: 10.1016/50049-3848(09)70020-9

26. Iskakova SS, Zharmahanova GM, Dvoracka M. Harakteristika
proangiogennyh faktorov i ih patogeneticheskaja rol’. Nauka
i zdravoohranenie. 2013;(6):8-12. (In Russ.)

Vol 70 (5) 2021

Journal of Obstetrics and Women's Diseases

27. Strizhakov AN, Timokhina EV, Ibragimova SM, et al. A novel ap-
proach to the differential prognosis of early and late preeclamp-
sia. Akusherstvo, ginekologija i reprodukcija. 2018;12(2):55-61.
(In Russ.). DOI: 10.17749/2313-7347.2018.12.2.055-061

28. Chen J, Khalil RA. Matrix metalloproteinases in normal preg-
nancy and preeclampsia. Prog Mol Biol Transl Sci. 2017;148:87-165.
DOI: 10.1016/bs.pmbts.2017.04.001

29. Reshetnikov EA, Akulova LY, Dobrodomova IS, et al
The insertion-deletion polymorphism of the ACE gene is associated
with increased blood pressure in women at the end of pregnancy.
J Renin Angiotensin Aldosterone Syst. 2015;16(3):623-632.
DOI: 10.1177/1470320313501217

30. Herse F, LaMarca B. Angiotensin Il type 1 receptor autoantibody
(AT1-AA)-mediated pregnancy hypertension. Am J Reprod Immunol.
2013;69:413-418. DOI: 10.1111/4ji.12072

31. Cunningham MW, Williams JM Jr, Amaral L, et al. Agonistic
autoantibodies to the angiotensin Il type 1 receptor enhance
angiotensin ll-induced renal vascular sensitivity and reduce renal
function during pregnancy. Hypertension. 2016;68(5):1308-1313.
DOI: 10.1161/HYPERTENSIONAHA.116.07971

32. Aneman |, Pienaar D, Suvakov S, et al. Mechanisms of key
innate immune cells in early- and late-onset preeclampsia. Front
Immunol. 2020;11:1864. DOI: 10.3389/fimmu.2020. 01864

33.Yang X, Yang Y, Yuan Y, et al. The roles of uterine natural
killer (NK) cells and KIR/HLA-C combination in the development of
preeclampsia: A systematic review. BioMed research international.
2020;2020:4808072. DOI: 10.1155/2020/4808072

34. Phipps EA, Thadhani R, Benzing T, et al. Pre-eclampsia:
pathogenesis, novel diagnostics and therapies. Nat Rev Nephrol.
2019;15:275-289. DOI: 10.1038/s41581-019-0119-6

35. Kudryavtsev IV, Borisov AG, Vasilyeva EV, et al. Phenotypic charac-
terisation of peripheral blood cytotoxic T lymphocytes: regulatory and
effector molecules. Medicinskaja immunologija. 2018;20(2):227-240.
(In Russ.). DOI: 10.15789/1563-0625-2018-2-227-240

36. Rabertson SA, Care AS, Moldenhauer LM. Regulatory T cells in
embryo implantation and the immune respanse to pregnancy. J Clin
Invest. 2018;128(10):4224-4235. DOI: 10.1172/JCl122182

37. Frejdlin IS. Reguljatornye T-kletki: proishozhdenie i funkcii.
Medicinskaja immunologija. 2005;7(4):347-354. (In Russ.)

38. Teirila L, Heikkinen-Eloranta J, Kotimaa J, et al. Regulation of
the complement system and immunological tolerance in pregnancy.
Semin immunol. 2019;45:101337. DOI: 10.1016/j.smim.2019.101337
39.lves CW, Sinkey R, Rajapreyar |, et al. Preeclampsia-
pathophysiology and clinical presentations: JACC State-of-
the-Art review. J Am Coll Cardiol. 2020;76(14):1690-1702.
DOI: 10.1016/j.jacc.2020.08.014

40. Verdonk K, Visser W, Van Den Meiracker AH, Danser AH.
The renin-angiotensin-aldosterone system in pre-eclampsia:
the delicate balance between good and bad. Clin Sci (Lond).
2014;126(8):537-544. DOI: 10.1042/CS20130455

41. LaMarca B, Cornelius DC, Harmon AC, et al. Identifying immune
mechanisms mediating the hypertension during preeclampsia.
Am J Physiol Regul Integr Comp Physiol. 2016;311(1):R1-9.
DOI: 10.1152/ajpregu.00052.2016

42. Giannakou K, Evangelou E, Papatheodorou SI. Genetic and non-
genetic risk factors for pre-eclampsia: umbrella review of systematic

BOI: https://doi.org/10.17816/J0WD77046



AR

reviews and meta-analyses of observational studies. Ultrasound
Obstet Gynecol. 2018;51(6):720-730. DOI: 10.1002/u0g.18959

43. Golovchenko OV, Abramova MYu, Ponomarenko IV, Churno-
sov MI. Polymorphic loci of the ESRT gene are associated with
the risk of developing preeclampsia with fetal growth retardation.
Akusherstvo, Ginekologija i Reprodukcija. 2020;14(6):583-591.
(In Russ.). DOI: 10.17749/2313-7347/0b.gyn.rep.2020.187

4k, Rana S, Lemoine E, Granger JP, Karumanchi SA. Preeclampsia:
pathophysiology, challenges, and perspectives. Circ Res.
2019;124(7):1094-1112. DOI: 10.1161/CIRCRESAHA.118.313276

45. Panaitescu AM, Syngelaki A, Prodan N, et al. Chronic hypertension
and adverse pregnancy outcome: a cohort study. Ultrasound Obstet
Gynecol. 2017;50(2):228-235. DOI: 10.1002/u0g.17493

46. Nzelu D, Dumitrascu-Biris D, Nicolaides KH, Kametas NA.
Chronic hypertension: first-trimester blood pressure control and
likelihood of severe hypertension, preeclampsia, and small for
gestational age. Am J Obstet Gynecol 2018;218(3):337.e1-337.e7.
DOI: 10.1016/j.3j0g.2017.12.235

47.He XJ, Dai RX, Hu CL. Maternal prepregnancy overweight
and obesity and the risk of preeclampsia: A meta-analysis
of cohort studies. Obes Res Clin Pract. 2020;14(1):27-33.
DOI: 10.1016/j.0rcp.2020.01.004

48. Lewandowska M, Wieckowska B, Sajdak S, Lubinski J. Pre-
pregnancy obesity vs. other risk factors in probability models
of preeclampsia and gestational hypertension. Nutrients.
2020;12(9):2681. DOI: 10.3390/nu12092681

49. Kalinkina OB, Spiridonava NV. Osobennosti techenija gestoza
u zhenshhin s izbytochnoj massoj tela i ozhireniem. Fundamental'nye
issledovanija. 2012;10(2):247-249. (In Russ.)

50. Brosens |, Pijnenborg R, Vercruysse L, Romero R. The “Great
Obstetrical Syndromes” are associated with disorders of deep
placentation. Am J Obstet Gynecol. 2011;204(3):193-201.
DOI: 10.1016/}.aj0g.2010.08.009

51. Mello G, Parretti E, Marozio L, et al. Thrombophilia is signifi-
cantly associated with severe preeclampsia: results of a large-
scale, case-controlled study. Hypertension. 2005;46(6):1270-1274.
DOI: 10.1161/01.HYP.0000188979.74172.4d

52. Belinina AA, Mozgovaya EV, Remneva 0V. Spectrum of genetic
thrombophilia in pregnant women with varying severity of pre-
eclampsia. Bjulleten” medicinskoj nauki. 2020;1(17):29-33. (In Russ.)
53. Mitriuc D, Popusoi O, Catrinici R, Friptu V. The obstetric
complications in women with hereditary thrombaophilia. Med Pharm
Rep. 2019;92(2):106-110. DOI: 10.15386/cjmed-1097

CMUCOK JIUTEPATYPbHI

1. PewwetHukos E.A. MonnMopdmaM rs34845949 rena SASHT acco-
LIMMPOBaH C PUCKOM PasBUTWA Mpesknamncum // HaydHsle pesysb-
TaThl BUOMeAMUMHCKMX nceneaoBanuia. 2021. T. 7. Buin. 1. C. 44-55.
DOI: 10.18413/2658-6533-2020-7-1-0-4

2. WHO Guidelines Approved by the Guidelines Review Committee.
WHO recommendations for prevention and treatment of pre-
eclampsia and eclampsia. World Health Organization; 2011. [gaTa
obpatuenua 23.08.2021]. Joctyn no ccbinke: https://pubmed.ncbi.
nlm.nih.gov/23741776/

202458704, S

Journal of Obstetrics and Women's Diseases

54. Kapustin RV, Tsybuk EM. Predictors for preeclampsia in
pregnant women with diabetes mellitus. Obstetrics and Gynecology.
2020;(12):54-61. (In Russ.). DOI: 10.18565/aig.2020.12.54-61

55. Lisonkova S, Joseph KS. Incidence of preeclampsia: risk
factors and outcomes associated with early- versus late-onset
disease. Am J Obstet Gynecol. 2013;209(6):544.e1-544.e12.
DOI: 10.1016/.ajog.2013.08.019

56. Bramham K. Diabetic nephropathy and pregnancy. Semin
Nephrol. 2017;37(4):362-369. DOI: 10.1016/j.semnephral.2017.05.008
57. Hauth JC, Clifton RG, Roberts JM, et al. Maternal insulin resis-
tance and preeclampsia. Am J Obstet Gynecol. 2011;204(4):327.e1-6.
DOI: 10.1016/j.aj0g.2011.02.024

58. Boyd HA, Tahir H, Wohlfahrt J, Melbye M. Associations of
personal and family preeclampsia history with the risk of early-,
intermediate- and late-onset preeclampsia. Am J Epidemiol.
2013;178(11):1611-1619. DOI: 10.1093/aje/kwt189

59. Caughey AB, Stotland NE, Washington AE, Escobar GJ. Maternal
ethnicity, paternal ethnicity, and parental ethnic discordance:
predictors of preeclampsia. Obstet Gynecol. 2005;106(1):156-161.
DOI: 10.1097/01.A0G.0000164478.91731.06

60. Gyamfi-Bannerman C, Pandita A, Miller EC, et al. Preeclampsia
outcomes at delivery and race. J Matern Fetal Neonatal Med.
2020;33(21):3619-3626. DOI: 10.1080/14767058.2019.1581522

61. Zhang N, TanJ, Yang H, Khalil RA. Comparative risks and
predictors of preeclamptic pregnancy in the Eastern, Western
and developing world. Biochem Pharmacol. 2020;182:114247.
DOI: 10.1016/j.bcp.2020.114247

62.Yong HEJ, Murthi P, Brennecke SP, Moses EK. Genetic
approaches in preeclampsia. Methods Mol Biol. 2018;1710:53-72.
DOI: 10.1007/978-1-4939-7498-6_5

63.Serrano NC, Quintero-Lesmes DC, Dudbridge F, et al.
Family history of pre-eclampsia and cardiovascular dis-
ease as risk factors for pre-eclampsia: the GenPE case-
control study. Hypertens Pregnancy. 2020;39(1):56-63.
DOI: 10.1080/10641955.2019.1704003

64. Bezerra PC, Ledo MD, Queiroz JW, et al. Family history of
hypertension as an important risk factor for the development of
severe preeclampsia. Acta Obstet Gynecol Scand. 2010;89(5):612-617.
DOI: 10.3109/00016341003623720

65. Ness RB, Markovic N, Bass D, et al. Family history of
hypertension, heart disease, and stroke among women who develop
hypertension in pregnancy. Obstet Gynecol. 2003;102(6):1366-1371.
DOI: 10.1016/].0bstetgynecol.2003.08.011

3. (OcHoBHble NoKa3aTenu 30,0poBbA MaTepy U pebeHka, AeATeNb-
HOCTb CNyKObl 0XpaHbl AETCTBA 1 POAOBCNOMOMKEHWA B PoccuitcKon
Oenepaumnn. CratucTuyeckmin cbopruk 2018. Mocksa, 2019. [gata
obpatueHua 23.08.2021]. Joctyn no cceinke: https://minzdrav.gov.
ru/ministry/61/22/stranitsa-979/statisticheskie-i-informatsionnye-
materialy/statisticheskiy-sbornik-2018-god

4. Garovic V.D., White WM., Vaughan L. et al. Incidence and long-term
outcomes of hypertensive disorders of pregnancy // J. Am. Coll. Cardi-
ol. 2020. Vol. 75. No. 18. P. 2323-2334. DOI: 10.1016/] jacc.2020.03.028

BOI: https://doi.org/10.17816/J0WD77046

113



114

REVIEW

5. WeaHoB WM., Yepunko M.B., Koconanoea H.B. u gp. Mpe-
3KNamncmaA bepeMeHHbIX: 0COBEHHOCTV NaToreHe3a, TaKTUKK Bege-
HWA // TaBpr4eCKIi MeauKo-bumonorndeckmin BectHmk. 2012, 7. 15.
N 2. C. 273-286.

6. Golovchenko Q., Abramova M., Ponomarenko I. et al. Functionally
significant polymorphisms of ESR1and PGR and risk of intrauterine
growth restriction in population of central Russia // European
Journal of QObstetrics and Gynecology and Reproductive Biology.
2020. Vol. 253. P. 52-57. DOI: 10.1016/j.ejogrb.2020.07.045

7. Pankiewicz K., Fijatkowska A, Issat T. et al. Insight into the key
points of preeclampsia pathophysiology: Uterine artery remodeling
and the role of microRNAs // Int. J. Mol. Sci. 2021. Vol. 22. No. 6.
P. 3132. DOI: 10.3390/ijms22063132

8. Xopgraesa 3.C., XonvH AM., Buxnaesa E.M. PaHHuAs
W NO3AHAA NPE3KNaMNCUA: NapasnrMbl NaTobroNornm n KNn-
HUYecKaA npakTWKa // AKylwepctBo W ruHekonorua. 2013.
N2 10. C. 4-11.

9. 0Ogge G., Chaiworapongsa T., Romero R. et al. Placental lesions
associated with maternal underperfusion are more frequent in
early-onset than in late-onset preeclampsia // J. Perinat. Med. 2011.
Vol. 39. No. 6. P. 641-652. DOI: 10.1515/jpm.2011.098

10. Ainamasan 3.K., Ctenanosa 0.M., CenbkoB C.A., Coko-
nos [I.1. Knetkn MIMMyHHOM CUCTEMbI MaTepyt U KeTKM Tpodo-
6nacta: «KoHCTPYKTMBHOE COTPYAHWMYECTBO» Padu O0CTUMHeE-
HMA coBMecTHon Lenn // BectHuk PAMH. 2013. T. 68. N2 11.
C. 12-21.

11. Moser G., Windsperger K., Pollheimer J. et al. Human
trophoblast invasion: new and unexpected routes and functions //
Histochem. Cell Biol. 2018. Vol. 150. No. 4. P. 361-370.
DOI: 10.1007/s00418-018-1699-0

12. Highet AR., Khoda S.M., Buckberry S. et al. Hypoxia induced
HIF-1/HIF-2 activity alters trophablast transcriptional regulation
and promotes invasion // Eur. J. Cell Biol. 2015. Vol. 94. No. 12.
P. 589-602. DOI: 10.1016/j.jcb.2015.10.004

13. Prossler J., Chen Q., Chamley L., James J.L. The relation-
ship between TGFf, low oxygen and the outgrowth of extravil-
lous trophoblasts from ancharing villi during the first trimes-
ter of pregnancy // Cytokine. 2014. Vol. 68. No. 1. P. 9-15.
DOI: 10.1016/j.cyt0.2014.03.001

14. Albers RE., Kaufman MR, Natale B.V. et al. Trophoblast-
specific expression of hif-1a. results in preeclampsia-like symptoms
and fetal growth restriction // Sci. Rep. 2019. Vol. 9. No. 1. P. 2742.
DOI: 10.1038/s41598-019-39426-5

15.Qu H, Yu Q., Jia B. et al. HIF-3a affects preeclampsia
development by regulating EVT growth via activation of the Flt-1/
JAK/STAT signaling pathway in hypoxia // Mol. Med. Rep. 2021.
Vol. 23. No. 1. P. 1. DOI: 10.3892/mmr.2020.11701

16. Jena MK, Sharma N.R., Petitt M. et al. Pathogen-
esis of preeclampsia and therapeutic approaches target-
ing the placenta // Biomolecules. 2020. Vol. 10. No. 6. P. 953.
DOI: 10.3390/biom10060953

17.Yagel S., Cohen S.M., Goldman-Wohl D. An integrated
model of preeclampsia: a multifaceted syndrome of the ma-
ternal cardiovascular-placental-fetal array // Am. J. Obst.
Gynecol. 2020. Vol. S0002-9378. No. 20. P. 31197-31202.
DOI: 10.1016/.ajog.2020.10.023

Vol 70 (5) 2021

Journal of Obstetrics and Women's Diseases

18. Vaka V.R., McMaster KM, Cunningham M.W. Jr. et al. Role of
mitochondrial dysfunction and reactive oxygen species in mediating
hypertension in the reduced uterine perfusion pressure rat model
of preeclampsia // Hypertension. 2018. Vol. 72. No. 3. P. 703-711.
DOI: 10.1161/hypertensionaha.118.11290

19. Noropenoa T.H., Kpykunep WM., TyHbko B.O. v gp. Owuc-
banaHc Ba30aKTUBHbLIX KOMMOHEHTOB W apaxMAOHOBOM Kuc-
7I0Tbl B MNaLeHTe M OKOMOMIOAHBIX BOAAX MpU MpesKnamn-
cum // BromeomumHckas xumuma. 2019. T. 65. N2 3. C. 245-250.
DOI: 10.18097/PBMC20196503245

20. Taysi S., Tascan AS., Ugur M.G., Demir M. Radicals, oxidative/
nitrosative stress and preeclampsia // Mini Rev. Med. Chem. 2019.
Vol. 19.No. 3.P. 178-193.D0I: 10.2174/1389557518666181015151350
21.Tendrio M.B., Ferreira R.C., Moura F.A. et al. Cross-talk
between oxidative stress and inflammation in preeclamp-
sia // Oxid Med. Cell Longev. 2019. Vol. 2019. P. 8238727.
DOI: 10.1155/2019/8238727

22.Tal R., Shaish A, Barshack I. et al. Effects of hypoxia-
inducible factor-1alpha overexpression in pregnant mice:
possible implications for preeclampsia and intrauterine growth
restriction // Am. J. Pathol. 2010. Vol. 177. P. 2950-2962.
DOI: 10.2353/ajpath.2010.090800

23. Wang A, Rana S., Karumanchi S.A. Preeclampsia: the role of
angiogenic factors in its pathogenesis // Physiology (Bethesda).
2009. Vol. 24. P. 147-158. DOI: 10.1152/physiol.00043.2008

24, Reshetnikov E., Ponomarenko I, Golovchenko 0. et al.
The VNTR polymorphism of the endothelial nitric oxide synthase
gene and blood pressure in women at the end of pregnancy //
Taiwanese J. Obst. Gynecol. 2019. Vol. 58. No. 3. P. 390-395.
DOI: 10.1016/}.4j0g.2018.11.035

25. Steinberg G., Khankin E.V., Karumanchi S.A. Angiogenic
factors and preeclampsia // Thromb. Res. 2009. Vol. 123. Suppl. 2.
P. 593-99. DOI: 10.1016/S0049-3848(09)70020-9

26. Wckaroea C.C., MapmaxaHosa M., [1Bopaura M. Xapaktepu-
CTVKa MPOaHrMOreHHbIX GaKTOpOB M UX MaToreHeTUyecKan ponb //
Hayka 1 3gpaBooxpatenue. 2013. N° 6. C. 8-12.

27. Crpwrkaros A.H., TumoxmHa E.B., Mbparumosa CM. v gp. Hosble Bo3-
MOMHOCTY AnddepeHLManbHOro MporHo3vpoBaHUA paHHeN 1 No3a-
Hel npeaknamncum // ARyLIEpCTBO, TMHEKONOMMA W PENpOayKLMA.
2018.T.12.N2 2. C. 55-61. DOI: 10.17749/2313-7347.2018.12.2.055-061
28. Chen J., Khalil RA. Matrix metalloproteinases in normal
pregnancy and preeclampsia // Prog. Mol. Biol. Transl. Sci. 2017.
Vol. 148. P. 87-165. DOI: 10.1016/bs.pmbts.2017.04.001

29. Reshetnikov E.A., Akulova L.Y. Dobrodomova IS. et al
The insertion-deletion polymorphism of the ACE gene is associated
with increased blood pressure in women at the end of pregnancy //
J. Renin. Angiotensin Aldosterone Syst. 2015. Vol. 16. No. 3.
P. 623-632. DOI: 10.1177/1470320313501217

30. Herse F., LaMarca B. Angiotensin Il type 1 receptor autoantibody
(AT1-AA)-mediated pregnancy hypertension // Am. J. Reprod.
Immunol. 2013. Vol. 69. P. 413-418. DOI: 10.1111/aji.12072

31. Cunningham M.W., Williams J.M. Jr, Amaral L. et al. Agonistic
autoantibodies to the angiotensin Il type 1 receptor enhance
angiotensin ll-induced renal vascular sensitivity and reduce renal
function during pregnancy // Hypertension. 2016. Vol. 68. No. 5.
P. 1308-1313. DOI: 10.1161/HYPERTENSIONAHA.116.07971

BOI: https://doi.org/10.17816/J0WD77046



AR

32. Aneman |., Pienaar D., Suvakov S. et al. Mechanisms of key
innate immune cells in early- and late-onset preeclampsia // Front.
Immunol. 2020. Vol. 11. P. 1864. DOI: 10.3389/fimmu. 2020. 01864
33.Yang X, Yang Y., Yuan Y. et al. The roles of uterine natural
killer (NK) cells and KIR/HLA-C combination in the development
of preeclampsia: A systematic review // Biomed. Res. Int. 2020.
Vol. 2020. P. 4808072. DOI: 10.1155/2020/4808072

34. Phipps E.A., Thadhani R., Benzing T. et al. Pre-eclampsia:
pathogenesis, novel diagnostics and therapies // Nat. Rev. Nephrol.
2019. Vol. 15. P. 275-289. DOI: 10.1038/s41581-019-0119-6
35.Kyopasues W.B., bopucos A.l., BacunbeBa E.B.
n ap. OeHOTUNMYECKas XapaKTepuCTMKa LMTOTOKCUYe-
CKMX T-nMMGoLMTOB: perynATopHele v 3QheKTopHbIE MOMEKYb
/] MepuumtHcKan ummyHonorua. 2018. T. 20. N° 2. C. 227-240.
DOI: 10.15789/1563-0625-2018-2-227-240

36. Robertson S.A., Care AS., Moldenhauer L.M. Regulatory T
cells in embryo implantation and the immune response to preg-
nancy // J. Clin. Invest. 2018. Vol. 128. No. 10. P. 4224-4235.
DOI: 10.1172/JCI22182

37. Opengnmn W.C. PerynAtopHble T-KNETKM: NpoMCXomaeHue
U yHKUMKM // MepmumHckan ummyHonorus. 2005, T. 7. Ne 4.
C. 347-354.

38. Teirild L., Heikkinen-Eloranta J., Kotimaa J. et al. Regu-
lation of the complement system and immunological toler-
ance in pregnancy // Semin. Immunol. 2019. Vol. 45. P. 101337.
DOI: 10.1016/j.smim.2019.101337

39.Ives CW., Sinkey R., Rajapreyar I. et al. Preeclampsia-
pathophysiology and clinical presentations: JACC State-of-the-Art
review // J. Am. Coll. Cardiol. 2020. Vol. 76. No. 14. P. 1690-1702.
DOI: 10.1016/j.jacc.2020.08.014

40. Verdonk K., Visser W., Van Den Meiracker A.H., Danser AH.
The renin-angiotensin-aldosterone system in pre-eclampsia:
the delicate balance between good and bad // Clin. Sci. 2014.
Vol. 126. No. 8. P. 537-544. DOI: 10.1042/CS20130455

41. LaMarca B., Cornelius D.C., Harmon A.C. et al. Identifying immune
mechanisms mediating the hypertension during preeclampsia //
Am. J. Physiol. Regul. Integr. Comp. Physiol. 2016. Vol. 311. No. 1.
P. R1-9. DOI: 10.1152/ajpregu.00052.2016

42. Giannakou K., Evangelou E., Papatheodorou S.I. Genetic and
non-genetic risk factors for pre-eclampsia: umbrella review of
systematic reviews and meta-analyses of observational stud-
ies // Ultrasound Obstet. Gynecol. 2018. Vol. 51. No. 6. P. 720-730.
DOI: 10.1002/u0g.18959

43. lonosuenko 0.B., Abpamosa M.I0., MoHomaperko W.B., Yyp-
HocoB M.M. MonuMopdHble nokyckl reHa ESRT accoummpoBaHbl
C PMCKOM PasBUTWA NPE3KNAMICUM C 3a4epHKON pocTa nnoaa //
ARywepcTBo, rvHekonorma u penpoaykuma. 2020. T. 14. Ne 6.
C. 583-591. DOI: 10.17749/2313-7347/0b.gyn.rep.2020.187

44. RanaS., Lemaine E., Granger J.P., Karumanchi S.A. Preeclampsia:
pathophysiology, challenges, and perspectives // Circ. Res. 2019.
Vol. 124. No. 7. P. 1094-1112. DOI: 10.1161/CIRCRESAHA.118.313276
45, Panaitescu AM., Syngelaki A, Prodan N. et al. Chronic
hypertension and adverse pregnancy outcome: a cohort study //
Ultrasound Obstet. Gynecol. 2017. Vol. 50. No. 2. P. 228-235.
DOI: 10.1002/u0g.17493

202458704, S

Journal of Obstetrics and Women's Diseases

46. Nzelu D., Dumitrascu-Biris D., Nicolaides K.H., Kametas N.A.
Chronic hypertension: first-trimester blood pressure control and
likelihood of severe hypertension, preeclampsia, and small for
gestational age // Am. J. Obstet. Gynecol. 2018. Vol. 218. No. 3.
P. 337.e1-337.e7. DOI: 10.1016/.3j0g.2017.12.235

47. He X.J,, Dai R.X,, Hu C.L. Maternal prepregnancy overweight and
obesity and the risk of preeclampsia: A meta-analysis of cohort
studies // Obes. Res. Clin. Pract. 2020. Vol. 14. No. 1. P. 27-33.
DOI: 10.1016/.0rcp.2020.01.004

48. Lewandowska M., Wieckowska B., Sajdak S., Lubinski J. Pre-
pregnancy obesity vs. other risk factors in probability models of
preeclampsia and gestational hypertension // Nutrients. 2020.
Vol. 12. No. 9. P. 2681. DOI: 10.3390/nu12092681

49. KanvukuHa 0.6., CnupuporoBa H.B. OcobeHHOCTM TeueHus
recTo3a Yy HeHWMH C M3BbITOYHOM Maccoi Tena v OMupeHvem //
OyHoameHTanbHble uccnegosanma. 2012, T. 10. N2 2. C. 247-249.
50. Brosens |., Pijnenborg R., Vercruysse L., Romero R. The “Great
Obstetrical Syndromes” are associated with disorders of deep
placentation // Am. J. Obstet. Gynecol. 2011. Vol. 204. No. 3.
P. 193-201. DOI: 10.1016/j.ajog.2010.08.009

51. Mello G., Parretti E., Marozio L. et al. Thrombophilia is significantly
associated with severe preeclampsia: results of a large-scale, case-
controlled study // Hypertension. 2005. Vol. 46. No. 6. P. 1270-1274.
DOI: 10.1161/01.HYP.0000188979.74172.4d

52. benvnmHa AA., Mosrosan E.B., PemnéBa 0.B. Cnektp reHetu-
YECKMX TPOMOOGUNMIA y BEpPEMEHHBIX C Pa3fIMYHOM CTEeMNeHbIo TA-
¥ecTu npesknamncum // BronneteHb MeguumMHcKon Hayku. 2020.
T.1.N217.C. 29-33.

53. Mitriuc D., Popusoi 0., Catrinici R., Friptu V. The obstetric com-
plications in women with hereditary thrombaophilia // Med. Pharm.
Rep. 2019. Vol. 92. No. 2. P. 106-110. DOI: 10.15386/cjmed-1097
54. Kanyctud P.B., Libibyk EM. MpeaukTopsl npesknamncum y be-
PEMEHHbIX C CaxapHbIM 1abeToM // ARyLLEpCTBO M TMHEKONOMWA.
2020. N2 12. C. 54-56. DOI: 10.18565/aig.2020.12.54-61

55. Lisonkova S., Joseph K.S. Incidence of preeclampsia: risk factors
and outcomes associated with early-versus late-onset disease //
Am. J. Obstet. Gynecol. 2013. Vol. 209. No. 6. P. 544.e1-544.e12.
DOI: 10.1016/.aj0og.2013.08.019

56. Bramham K. Diabetic nephropathy and pregnancy //
Semin. Nephrol. 2017. Vol. 37. No. 4 P. 362-369.
DOI: 10.1016/j.semnephrol.2017.05.008

57. Hauth J.C., Clifton R.G., Roberts J.M. et al. Maternal insulin
resistance and preeclampsia // Am. J. Obstet. Gynecol. 2011.
Vol. 204. No. 4. P. 327.e1-6. DOI: 10.1016/j.aj0g.2011.02.024

58. Boyd H.A., Tahir H., Wohlfahrt J., Melbye M. Associations of
personal and family preeclampsia history with the risk of early-,
intermediate- and late-onset preeclampsia // Am. J. Epidemiol.
2013. Vol. 178. No. 11. P. 1611-1619. DOI: 10.1093/aje/kwt189

59. Caughey AB., Stotland N.E., Washington AE., Escobar G.J.
Maternal ethnicity, paternal ethnicity, and parental ethnic discordance:
predictors of preeclampsia // Obstet. Gynecol. 2005. Vol. 106. No. 1.
P. 156-161. DOI: 10.1097/01.A0G.0000164478.91731.06

60. Gyamfi-Bannerman C., Pandita A., Miller E.C. et al. Preeclampsia
outcomes at delivery and race // J. Matern. Fetal. Neonatal. Med. 2020.
Vol. 33. No. 21. P. 3619-3626. DOI: 10.1080/14767058.2019.1581522

BOI: https://doi.org/10.17816/J0WD77046

115



116

REVIEW

61. Zhang N, Tan J, Yang H., Khalil R.A. Comparative risks and
predictors of preeclamptic pregnancy in the Eastern, Western and
developing world // Biochem. Pharmacol. 2020. Vol. 182. P. 114247.
DOI: 10.1016/j.bcp.2020.114247

62. Yong H.E.J., Murthi P., Brennecke S.P., Moses E.K. Genetic
approaches in preeclampsia // Methods Mol. Biol. 2018. Vol. 1710.
P. 53-72. DOI: 10.1007/978-1-4939-7498-6_5

63. Serrano N.C,, Quintero-Lesmes D.C., Dudbridge F. et al.
Family history of pre-eclampsia and cardiovascular disease
as risk factors for pre-eclampsia: the GenPE case-control

AUTHORS INFO

* Maria Yu. Abramova, MD:

address: 85 Pobedy Str., Belgorod, 308015, Russia;
ORCID: https://orcid.org/0000-0002-1406-2515;
Scopus Author ID: 57212494118;

e-mail: abramova_myu®bsu.edu.ru

Mikhail I. Churnosov, MD, Dr. Sci. (Med.), Professor;
ORCID: https://orcid.org/0000-0003-1254-6134;
Scopus Author ID: 6601948788;

e-mail: churnosov@bsu.edu.ru

* Corresponding author / ABTop, 0TBETCTBEHHbIM 3a Nepenucky

Vol 70 (5) 2021

Journal of Obstetrics and Women's Diseases

study // Hypertens Pregnancy. 2020. Vol. 39. No. 1. P. 56-63.
DOI: 10.1080/10641955.2019.1704003

64, Bezerra P.C., Ledo M.D., Queiroz JW. et al. Family history of
hypertension as an important risk factor for the development of
severe preeclampsia // Acta Obstet. Gynecol. Scand. 2010. Vol. 89.
No. 5. P. 612-617. DOI: 10.3109/00016341003623720

65. Ness R.B., Markovic N., Bass D. et al. Family history of
hypertension, heart disease, and stroke among women who develop
hypertension in pregnancy // Obstet. Gynecol. 2003. Vol. 102. No. 6.
P. 1366-1371. DOI: 10.1016/j.0bstetgynecol.2003.08.011

0b ABTOPAX

* Mapua lOpbeBHa A6paMoBa;

afipec: Poccus, 308015, benropog, yn. Mobessl, 4. 85;
ORCID: https://orcid.org/0000-0002-1406-2515;
Scopus Author ID: 57212494118;

e-mail: abramova_myu®bsu.edu.ru

Muxaun UBaHoBuy YypHocoB, O-p Mea. HayK, npodeccop;
ORCID: https://orcid.org/0000-0003-1254-6134;

Scopus Author ID: 6601948788;

e-mail: churnosov@bsu.edu.ru

BOI: https://doi.org/10.17816/J0WD77046



	_Hlk83551146

