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Abstract

Preeclampsia remains one of the most common and clinically significant
complications of pregnancy, particularly in women who conceive using assisted
reproductive technologies, including in vitro fertilization (IVF). Impaired
implantation, endothelial dysfunction, immune-inflammatory activation and
hemostatic disturbances are considered key pathogenic mechanisms contributing to
the development of this condition, which determines the need for early predictive

markers.

Aim. To evaluate the predictive value of clinical, laboratory and Doppler

parameters for the development of preeclampsia in pregnant women after IVF.

Materials and Methods. A prospective study included 80 pregnant women after
IVF and 40 women with spontaneous pregnancies. At 11-14 weeks of gestation,
serum levels of lactate dehydrogenase (LDH), homocysteine, C-reactive protein
(CRP), D-dimer and vitamin D were measured. Coagulation parameters and
Doppler indices of the uterine arteries (PI, RI, S/D) were also assessed. Statistical
analysis included chi-square testing, odds ratio (OR) calculation, logistic

regression and evaluation of predictive models.
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Results. The incidence of preeclampsia in the IVF group was 30%. Women who
subsequently developed preeclampsia demonstrated significantly higher levels of
LDH, homocysteine, CRP and D-dimer, as well as vitamin D deficiency (p<0.05).
According to univariate analysis, LDH (OR=3.8), homocysteine (OR=3.5) and
CRP (OR=2.4) showed the highest predictive value. Multivariate analysis
identified elevated LDH and hyperhomocysteinemia as independent predictors.
Increased uterine artery resistance on Doppler examination further improved

predictive accuracy.

Conclusion. Combined assessment of biochemical markers and Doppler
parameters enables early identification of high-risk patients after IVF and supports

individualized prevention strategies for preeclampsia.

Keywords: in vitro fertilization, preeclampsia, prediction, biomarkers, hemostasis,

Doppler ultrasound.

IHPOI'HO3UPOBAHUE PA3BUTUA  HPEDKJIAMIICUU Y

BEPEMEHHBIX IHOCJIE IKCTPAKOPIIOPAJIBHOT' O
OIJIOAOTBOPEHUSA
HematoBa Mapxona 3uKpH/JIaeBHA — aCCHCTEHT Kadeapbl

akymepcrtsa M ruHekosormu  NelByxapckoro  rocyaapcTBeHHOro
MEIMIMHCKOr0 HWHCTHTYyTa uMeHHM AOy Aum udn Cuno, r. byxapa,

Y30ekucras.

AHHOTAIIUA.
[Ipeskiiamnicust sSBJISIETCS OJHUM M3 HauOOJIee YacThIX M KIMHUYECKH 3HAYMMBbIX
OCIIO)KHEHHI OEpEeMEHHOCTH, OCOOCHHO y TMAIMEeHTOK, OepeMEHHOCTh KOTOPBIX
HACTYNMWJia B PE3yJIbTaTe HJKCTpakopropaibHoro ormioaotBoperus (DKO).
Hapymenus wumruiantanuu, JUcOyYHKIUS SHIOTEIUS, WMMYHOBOCHAIUTEIbHAsS

dKTHBalld W U3MCHCHHA CHUCTCMbI I'CMOCTAa3a PaCCMATPHUBAIOTCA KaK KIIOYCBLIC

"Ixonomuka u counym' Nel(140) 2026 www.iupr.ru



MAaTOTEHETUYECKHEe MEXaHU3Mbl (OPMHUPOBAHUS JTAHHOTO OCJOXKHEHHS, YTO
00yCIaBIMBaeT HEOOXOIMMOCTh TOMCKA PAHHUX MTPOTHOCTUYECKUX MAPKEPOB.

Heab ncciie10BaHUsA — OLEHUTH TPOTHOCTUYECKYIO 3HAUMMOCTh KIIMHUKO-
71a00pPaTOPHBIX U JOMIUIEPOMETPHUECKUX TTOKA3aTeNield B Pa3BUTHH MPEIKIAMIICUN
y 6epemennbix nocie 9KO.

Marepuanbl u MeToabl. B npocnekTuBHOE HcciieoBaHuE BKIIOUYEHbI 80
6epemennbix nocie DKO u 40 >xeHuuH co CoHTaHHOM OepemMeHHocThI0. B 11-14
HeJlellb  TeCTallud  ONpeNeisuid  ypoBHM  JaktatiaeruaporeHassl  (JIZI),
romorucrenta, C-peaktuBaoro 6enka (CPB), D-mumepa, Butamuna D, mokazarenu
KOaryJIorpaMMbl, a TaKXe JONIUIEPOMETPUUECKHE IMApaMETPbl MATOYHBIX apTEPHUil
(PI, RI, S/D). Cratuctuyeckuil aHanu3 BKJIIOYAI pacyer x>, OTHOLIEHHUS IIAHCOB
(OR), T0TUCTUYECKYIO PErPECCUIO U OLIEHKY TPOTHOCTUYECKON MOJIEIH.

PesyabTatbl. Hactora npesknamncun B rpynme 9KO cocraBuna 30%. ¥V
MAlMEHTOK C pa3BUBIIEHCA NPEIKIAMIICUEN JIOCTOBEPHO 4Yallle BBISBISUIMCH
noBeIieHHbIe ypoBHM JI/I', romortucrenna, CPb u D-numepa, a taxke aedunur
ButamuHa D (p<0,05). Tlo nmaHHbIM OJHOGAKTOPHOrO aHaiu3a, HauOOJBIIYIO
Mporuoctuyeckyto 3HauumMocts umenu JIJAI" (OR=3,8), romonucrenn (OR=3,5) u
CPb (OR=2,4). B wmHOrogaktopHOol MOJEIM HE3AaBUCUMBIMU MPEIUKTOPAMHU
IIPEdKIaMIICUU OCTaBaJIUCh MTOBBIIIEHHBIN YPOBEHb JIAU u
TUNEproMouucTenHeMus.  JlonmaepoMeTpuyeckue  MPU3HAKKM  TOBBIIICHUS
COCYJIUCTOTO COINPOTUBJIEHUS B MATOYHBIX apTEPHUSAX YCUIUBAIA TOYHOCTH
MIPOTHO3UPOBAHUS.

3akioueHne. Komnnekcunas OLICHKA OMOXUMHUYECKUX u
JOTNIUICPOMETPUUECKUX TOKa3aTesie Mmo3BossieT 3P(HEKTUBHO BBISBIATh TPYIITY
BBICOKOTO pPHCKa pa3BUTHS TMpedKiIamicuu y OepemeHHblx Tmocie OKO wu
000CHOBBIBAET HEOOXOJUMOCThH PaHHETO MPOPUIAKTUYECKOTO BMEIIATEIhCTBA.

KuroueBble ci10Ba: 3KCTPAKOPIIOPATBHOE OIUIOJOTBOPEHUE, MPEIKIAMIICHUS,
MIPOTHO3WPOBaHUE, OMOMAPKEPHI, TEMOCTA3, TONTUICPOMETPHSL.

BBenenue
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[IpesknamMncuss OCTaeTCd OOHOW W3 BEAYIIUX IPUYMH MATEPUHCKOU U
HeprHaTaIbHON 3a00J1I€Ba€MOCTH M CMEPTHOCTU BO BceM Mupe. bepemeHHOCTH,
HACTYIIMBIINE B PE3yJIbTATE BCIIOMOTATENbHBIX PEMPONYKTUBHBIX TEXHOJIOTUH, B
YaCTHOCTH JKCTpakopnopaiibHoro ormogotBopeHus (DKO), xapakrepusyroTcs
MOBBIIIICHHBIM PUCKOM Pa3BUTHSI TUTIEPTEH3UBHBIX OCIIOKHEHUH IO CPAaBHEHUIO CO
CIIOHTAHHBIM 3ayaTHeM. B OCHOBe JaHHOrO pHCKa JieXKaT HapyLICHHS
UMIUIaHTaIUU U TUTAlleHTaIlIH, SHAOTETUATbHAS TuChYHKIINS,
MMMYHOBOCTIAJIUTENIbHAS AaKTUBAIINS U IUCOATAHC CUCTEMBI TeMOCTAa3a.

CoBpeMeHHbIe HCCIEA0BAaHUS YKa3blBalOT Ha BBICOKYIO HMPOTHOCTHUYECKYIO
[IEHHOCTh OHMOXMMHUYECKUX MAapKEpOB, OTPAKAIOLIUX MPOLECChl BOCHIAJIEHUS,
OKUCJIMTEJIbHOIO CcTpecca M Koaryjasuuu. JlommiuepoMerpudeckas OLEHKa
MaTOYHBIX AapTEepPUil MO3BOJSIET OOBEKTHBH3UPOBATH CTEMEHb HAPYIICHUS
MaTOYHO-IIJIAIIEHTAPHOTO KPOBOTOKA M SIBJISIETCS BaXKHBIM WHCTPYMEHTOM PaHHETO
CKPUHHHTA TIAIEHTAPHON HEJOCTaATOYHOCTH.

HecmoTpss Ha  HakoIJIEHHBIE  JIaHHBIE, BOIMPOCHl  KOMILIEKCHOTO
NPOTHO3UPOBAHMS Tpedkiamrcuu  y OepemMeHHbix mnociae OKO ocratorcs
HEJOCTAaTOYHO M3y4eHHbIMU. DOpPMUPOBAHME WHTETPUPOBAHHBIX MOJIENEH pHUCKa
NpPECTaBISIET COOOM aKTyallbHYyI0 HayYHO-IPAKTUUYECKYIO 33/1auy, HalpaBJIeHHYIO
Ha TOBbIIEeHNE YPPEKTUBHOCTH MPO(YUIAKTUKA U CHIDKEHUE YACTOTHI TKEIBIX
AKyILIEPCKUX OCIOKHEHUN.

Leab ucciaeroBaHusi — OIEHUTH MPOTHOCTHYECKYIO 3HAYMMOCTh KITMHUKO-
7a00paTOPHBIX U JONIUIEPOMETPHUUECKUX MOKA3aTeNel B pa3BUTHH MPEIKIAMIICUN
y 0epemennsbix nocie IKO.

Introduction

Preeclampsia is one of the leading causes of maternal and perinatal
morbidity and mortality worldwide and remains a major challenge in modern
obstetrics. The condition is characterized by new-onset hypertension and
multisystem involvement after 20 weeks of gestation and is associated with severe
maternal complications, fetal growth restriction, preterm birth and increased

perinatal mortality.
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In recent decades, the widespread use of assisted reproductive technologies,
particularly in vitro fertilization (IVF), has significantly increased the number of
pregnancies achieved through artificial conception. Numerous epidemiological
studies and meta-analyses have demonstrated that pregnancies after IVF are
associated with a higher risk of hypertensive disorders, including preeclampsia,
compared with spontaneous conception. The increased risk is attributed to altered
implantation processes, abnormal placentation, immune maladaptation, endothelial
dysfunction and epigenetic factors.

Placental ischemia and impaired trophoblastic invasion lead to the release of
antiangiogenic and inflammatory mediators, resulting in systemic endothelial
dysfunction and generalized vasoconstriction. Biomarkers reflecting oxidative
stress, tissue damage, inflammation and coagulation activation have therefore
attracted considerable attention as potential early predictors of preeclampsia.
Elevated lactate dehydrogenase (LDH) reflects cellular hypoxia and oxidative
injury, while hyperhomocysteinemia contributes to endothelial damage and
vascular dysfunction. C-reactive protein (CRP) is a sensitive marker of systemic
inflammation and has been associated with the severity of hypertensive disorders
of pregnancy. Increased D-dimer levels indicate activation of the coagulation
cascade and microthrombotic processes in the placental circulation. Vitamin D
deficiency has been implicated in immune dysregulation, impaired placental
development and increased cardiovascular risk.

In addition to laboratory markers, Doppler ultrasound assessment of uterine
artery blood flow provides valuable information about placental perfusion and
vascular resistance. Increased pulsatility and resistance indices in early pregnancy
reflect impaired uteroplacental circulation and have been associated with
subsequent development of preeclampsia and fetal growth restriction.

Despite the availability of individual biomarkers and ultrasound parameters,
there is no universally accepted predictive model for preeclampsia in IVF
pregnancies. Most existing screening algorithms are derived from spontaneously

conceived pregnancies and may not fully reflect the specific pathophysiological
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mechanisms in assisted reproduction. Therefore, the development of integrated
predictive approaches combining biochemical and Doppler parameters is of
particular clinical importance.

Early identification of high-risk patients enables timely implementation of
preventive strategies, including low-dose aspirin therapy, correction of modifiable
risk factors, individualized antenatal surveillance and optimization of perinatal
care. Improving predictive accuracy in IVF pregnancies may significantly reduce
the burden of severe obstetric complications and improve maternal and neonatal
outcomes.

The aim of this study was to evaluate the predictive value of clinical,
biochemical and Doppler parameters for the development of preeclampsia in

pregnant women after in vitro fertilization.

Materials and Methods

A prospective observational study was conducted from 2023 to 2025 at the
Bukhara State Maternity Complex. The study included 80 pregnant women after
in vitro fertilization (IVF) and 40 women with spontaneous singleton pregnancies
who formed the control group.

Inclusion criteria: singleton pregnancy after IVF, gestational age of 11-14
weeks at enrollment, written informed consent.
Exclusion criteria: chronic arterial hypertension, pregestational diabetes mellitus,
autoimmune diseases, chronic kidney disease, multiple pregnancy and congenital
fetal anomalies.

According to pregnancy outcomes, women after IVF were divided into two
subgroups:

o Group 1 (n=24): patients who developed preeclampsia during pregnancy.
o Group 2 (n=56): patients with uncomplicated pregnancy after IVF.
Blood samples were collected at 11-14 weeks of gestation. Serum

concentrations of lactate dehydrogenase (LDH), homocysteine, C-reactive protein
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(CRP), D-dimer and vitamin D were determined using enzyme-linked
immunosorbent assay and standard biochemical methods. Coagulation parameters
including activated partial thromboplastin time (APTT), fibrinogen, prothrombin
index and international normalized ratio (INR) were assessed.

Doppler ultrasound examination of uterine arteries was performed using an
expert-class ultrasound system with calculation of pulsatility index (PI), resistance
index (RI) and systolic/diastolic ratio (S/D).

Statistical analysis was performed using SPSS software. Quantitative
variables were expressed as mean + standard deviation. Group comparisons were
performed using Student’s t-test or Mann—Whitney U test depending on data
distribution. Categorical variables were analyzed using the > test. Odds ratios
(OR) with 95% confidence intervals (CI) were calculated. Multivariate logistic
regression analysis was applied to identify independent predictors of preeclampsia.

A p-value <0.05 was considered statistically significant.

Results

A total of 80 pregnant women after IVF and 40 women with spontaneous
pregnancies were analyzed. The mean age of patients in the IVF group was 33.6 +
4.2 years and did not significantly differ from the control group (32.9 + 3.8 years,
p>0.05). The incidence of preeclampsia in the IVF group was 30% (24/80).

Women who subsequently developed preeclampsia demonstrated
significantly higher serum levels of LDH, homocysteine, CRP and D-dimer
compared with women with uncomplicated IVF pregnancies and controls (p<0.05).
Vitamin D levels were significantly lower in the preeclampsia group (p<0.05).

Elevated LDH (>357 U/L) was associated with a markedly increased risk of
preeclampsia (OR = 3.88; 95% CI 1.56-9.65; p = 0.003). Hyperhomocysteinemia
(>17 umol/L) also significantly increased the risk (OR = 3.55; 95% CI 1.49-8.45;
p = 0.004). Increased D-dimer levels (>872 ng/mL) were associated with higher
odds of preeclampsia (OR = 2.33; 95% CI 1.03-5.30; p = 0.041). Elevated CRP

(>8 mg/L) showed a significant association with disease development (OR = 2.49;
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95% CI 1.06-5.86; p = 0.035). Vitamin D deficiency (<20 ng/mL) demonstrated a
trend toward increased risk, although statistical significance was not reached in
multivariate analysis.

Doppler ultrasound assessment revealed increased uterine artery pulsatility
and resistance indices in patients who later developed preeclampsia, indicating
impaired uteroplacental perfusion (p<0.05).

Multivariate logistic regression identified elevated LDH and homocysteine
as independent predictors of preeclampsia, while CRP and D-dimer contributed
additional predictive value to the combined model. The integrated model
demonstrated satisfactory discriminative ability for early prediction of
preeclampsia

Discussion

The present study demonstrates that pregnancies achieved by in vitro
fertilization are characterized by a relatively high incidence of preeclampsia,
confirming previously reported data on increased obstetric risk in this population.
The identified associations between biochemical markers and subsequent
development of preeclampsia highlight the multifactorial nature of this
complication, involving endothelial dysfunction, inflammatory activation and
coagulation imbalance.

Elevated LDH reflects cellular damage, oxidative stress and placental
hypoxia, which are key mechanisms in the pathogenesis of preeclampsia.
Hyperhomocysteinemia contributes to endothelial injury, impaired nitric oxide
synthesis and increased vascular resistance, thereby promoting placental ischemia.
Increased CRP levels indicate systemic inflammatory activation, which has been
widely implicated in the progression of hypertensive disorders of pregnancy.
Elevated D-dimer reflects activation of the coagulation cascade and
microthrombotic processes within the placental circulation.

Vitamin D deficiency, although not an independent predictor in multivariate

analysis, demonstrated an association with increased risk of preeclampsia, which is
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consistent with data suggesting its role in immune modulation and vascular
function.

Doppler findings indicating increased uterine artery resistance further
support the presence of impaired placental perfusion in high-risk patients. The
combination of laboratory biomarkers with Doppler ultrasound parameters
improves predictive accuracy and allows earlier identification of patients requiring
intensified surveillance and preventive interventions.

The results of this study emphasize the clinical relevance of integrated
screening strategies in IVF pregnancies. Early recognition of high-risk patients
may facilitate timely initiation of preventive measures, including low-dose aspirin
therapy, correction of vitamin D deficiency and closer antenatal monitoring.

Conclusion

Elevated serum levels of lactate dehydrogenase and homocysteine are
independent predictors of preeclampsia in pregnant women after I[VF. Increased
CRP, D-dimer and altered uterine artery Doppler indices further enhance predictive
accuracy. Combined assessment of biochemical and Doppler parameters allows
early stratification of patients according to preeclampsia risk and supports
personalized preventive strategies aimed at improving maternal and perinatal

outcomes.

References

1. Canynnoesa 1.K., Amryposa H.I'. KnnHuko-uMMyHOJIOTHYECKHE
0COOEHHOCTH BPOXKJACHHBIX TTOPOKOB CEP/ILIA Y I€BOYEK-TIOAPOCTKOB //

EBponerickuii xypHan ncuxonoruu. — 2021. — T.17, Ne3. — C.172-177.

2. Cappymnoesa N.K., KapomaroBa @.A. CocTosiHME KOPTUKOUHOTO CTaTyca
IpU BPOXKICHHBIX MMOPOKax cepAma y aereit / HoBblil 1eHb B MEIUITHE. —

2021.

"Ixonomuka u counym' Nel(140) 2026 www.iupr.ru



3. Kyp6anosna C.M. TumoreHHass IMMYHOKOPPEKIUS A€TEH C BPOKICHHBIMH
nopokamu cepana // Research Jet Journal of Analysis and Inventions. — 2022.

- T.3. - C.34-43.

4. Caumposa C.1O. BrisiBienue 3xokapaAuorpaQuueckux U aHTPOIIOMETPUUYECKUX
U3MEHEHUH y JAeTel, pOKIEHHBIX C BPOXKIEHHBIMU ITopokaMu cepaua (0—1

roja). — 2022.

5. Aunamassu O.K., Kynakos B.W., Panzunckuii B.E. Akymepcto:

HallMOHAJIbHOE PYKOBOACTBO. — M.: I'DOTAP-Menauna, 2022. — 1216 c.

6. Cepos B.H., Cyxux I'.T. IIpeaknamricusi: COBpEMEHHbIE aCIIEKThI
naToreHes3a, TMarHOCTUKHU U MPOQPUIAKTUKY // AKYIIEPCTBO M THHEKOJIOTHSI.
—2021. — No5. — C.5-12.

7. Liu Y., Chen S., Ziihlke L., Black G.C., Choy M.K., Li N., Keavney B.D.
Global birth prevalence of congenital heart defects 1970-2017: updated
systematic review and meta-analysis of 260 studies // International Journal of
Epidemiology. — 2019. — Vol.48(2). — P.455-463.

DOI: 10.1093/ije/dyz009.

8. Liu Y., Chen S., Ziihlke L., Babu-Narayan S.V., Black G.C., Choy M.K., Li
N., Keavney B.D. Global prevalence of congenital heart disease in school-
age children: a meta-analysis and systematic review / BMC Cardiovascular
Disorders. — 2020. — Vol.20(1):488.

DOI: 10.1186/s12872-020-01781-x.

"Ixonomuka u counym' Nel(140) 2026 www.iupr.ru



9. Rollins C.K., Newburger J.W., Roberts A.E. Genetic contribution to
neurodevelopmental outcomes in congenital heart disease // Current Opinion
in Pediatrics. — 2017. — Vol.29(5). — P.529-533.DOI:
10.1097/MOP.0000000000000530.

10.Sun R., Liu M., Lu L., Zheng Y., Zhang P. Congenital heart disease: causes,

diagnosis, symptoms, and treatments // Cell Biochemistry and Biophysics. —

2015.-Vol.72(3). — P.857-860.DOI: 10.1007/s12013-015-0551-6.

11.Howell H.B., Zaccario M., Kazmi S.H., Desai P., Sklamberg F.E., Mally P.
Neurodevelopmental outcomes of children with congenital heart disease: a

review // Current Problems in Pediatric and Adolescent Health Care. — 2019.

~ Vol.49(10):100685.DOI: 10.1016/j.cppeds.2019.100685.

12.van der Linde D., Konings E.E.M., Slager M.A., Witsenburg M., Helbing
W.A., Takkenberg J.J.M., Roos-Hesselink J.W. Birth prevalence of
congenital heart disease worldwide: a systematic review and meta-analysis //
Journal of the American College of Cardiology. —2011. — Vol.58(21). —
P.2241-2247.

"Ixonomuka u counym' Nel(140) 2026 www.iupr.ru



