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PROGNOSIS OF RECURRENT PREGNANCY LOSS

Tetiana 0. Loskutova, Albina P. Petulko
Dnipro State Medical University, Dnipro, Ukraine

Abstract

Alm. To develop a model for the prognosis of recurrent pregnancy loss (RPL) which is based on the
determination of the polymorphism of genes 675 5G4/G plasminogen activator inhibitor - 1 (PAl-1) and
fibrinogen f 455 G—A and 1o evaluate its effectiveness.
Materials and methods. A case-control study included 109 women in the 1st trimester of
mmmwumbmmwwnhnmphwmmm
and no risk factors for of coagulation and fibrinolysis factors 675 56/4G
PAI-1and fibrinogen f} 455 G—A have been lnvasuwd using allele-specific polymerase chain reaction.
Results. Pathological polymorphisms genes of hemestasis system play an important role in the
development of miscarriage, namely such pathological genotypes as 675 4G/4G PAI-1 - Increases the
risk by 7.5 times (95% Cl 1.7-33.79), -455AA fibrinogen } - by 10.87 times (95% CI 1.42-83.27). The
comhination of allelic variants of the PAl-1 genes 5G/4G, 4G/4G and fibrinogen f§ -455 GA, -455 A in
women with RPL (53.2%) were significantly more common than in the control group (20.5%), (p<0.05, OR
= 4.17, 95% Cl 1L.71-10.14), Pathogenetically grounded methods for predicting RPL have been
It Is based on the determination of gene polymorphisms PAI-1 (675 5G/4G), fibrinogen f (455 G—+A)
which consider the cumulative contribution each of the markers, and make it possible to determine the
ty of miscarriage. Prognostic model has a sensitivity 69.72% (95% Cl 60.19-78.16%), specificity-
76.47% (95% CI 58.83-89.25%).
Conclusions. The course of pregnancy against the background of pathological polymorphisms of genes of
mm:mﬂmﬁmﬁyhmﬂwmdmbﬂuﬂ miscarriage, which should be considered

when planning pregnancy in such women.

pregnancy camplications, proguosis, gene polymorphism

INTRODUCTION

Unfavorable dynamic changes in demographic
indicators, especilly during the war, make the problem
of preserving the reproductive health of the population
as one of the most important and prioritized areas of
moderns medicine It was estimated thet 23 million
miscarriages ocour every year worldwide. The pooled
nsk of miscarriage is 15,3% (95% CI 12,5-18,7%) of
all mcogmzod pregnancies. The frequency of one
miscarriage is 10.8% (10,3-11,4%), two miscarriages
Is 1,9% (1.8-2,1%), and three or more miscarringes
is 0.7% (0,5-0,8%) [1]. Although the prevalence of
Recurrent Pregnancy Loss (RPL) is not very high
among population in gencral, for a particular woman
or a couple who suffers from pregnancy loss, it matters
a lot,

Kaistiuna ve npodlosxrivea seepmtnna Ne S (43) /2025

Miscarringe has both physical and psychological
impact on & woman's quality of life. Psychological
consequences include increases in the risk of anxiety,
depression, post-traumatic stress disorder and suicide.
Miscarringe and cspecially recurrent pregnancy loss, is
also a nisk marker for obsietric complications, including
preterm  birth, fetal growth resiriction [2), placental
abruption, and stillbirth in future pregnancies, and
o predictor of longer-term health problems, such as
cardiovascular disease and venous thromboembolism [1].

At the same time, reducing the number of
spontancous rmiscamages i the carly stages of gestation
should be considered one of the reserves for preventing
perinatal losses and increasing the birth rate in our country.

According to ESHRE (3] u disgnosis of Recurrent
Pregnancy Loss (RPL) could be considered after the Joss

13
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of two or more pregnancies. 1t is known that RPL has
a multifasctorial genesis that includes genetic, mmune,
infectious, anatomical, endocrine, and thrombophilic
components [4, 5]. None of the factors can fully explain
the occurrence of reproductive losses, and in 40% of
cases, PL remains without an established cause after all
possible fuctors have been excluded [6).

Ins turn, thrombophilis is attributed 10 the etiological
factors of habitual miscarriage [3]. as well us obstetric
complications such as precclampsia, fetal  growth
rotardation, and placental sbruption. Non-thrombogeaic
mechunisms  of mutations and  polymorphisms  of
thrombophilia  genes  disrupt  normal  implantation
processes, which creates conditions for the development of
obstetric complications. At the same time, the prevalence
of this pathology (the type of pathological polymorphisms,
their combinations) among women with repeated
miscarriages has not been finally determined until today. It
should also be borme in mind that the development, course,
and complications of thrombophilia may depend on
defects in vanous components of the hemostatic system,
external factors, vary in degree of munifestation, and
depend on the interaction und specifics of the combination
of these disorders. The diagnostic approach and the
mansgement depend on the etiology and risk factors taken
into consideration by a heultheare professional as a cause
of recurrent muscarriage for o particular woman or couple.
According to Musters, A (2013) [7], wcouples suffering
from recurrent pregnancy loss require mdividualized
management that includes appropriate support, and in this
context, testing for relevant factors can help reduce anxiety
mnd manage expectations.» All of the above determined the
choice of the topic and purpese of the study,

To develop a model for tho prognosis of
habitual miscamnge based on the determination of the
polymorphism of genes 675 SG4/G of plasminogen
activator inhibitor — 1 (PAI-1) and fibrinogen f 455 G—A
and to evaluate its effectiveness.

MATERIALS AND METHODS

The study was conducted #t Dnipro State Medical
University, Dnipro, Ukmine, in 2018-2020. A prospective
cohort study covered 143 women in the first half of
pregnancy. The disgnosis of RPL was based on Order
No. 624 of the Ministry of Health of Ukraine and the
ESHRE. 2023 guidelines wRecurrent Pregnancy Lossw and
determined that habitual miscurriage 15 the result of two or
more consecutive pregnancies that ended in miscarriage.
The exclusion criteris for the study were the presence
of Anti-Phospholipid Syndrome (APS), istmic-cervical
insufficiency, anatomical malformations, and submucosal
Jeiomyoma of the utering body (FIGO type 0-1).

14

Examination of paticnts was performed if parents
provided written informed consent. The study was
conducted in full compliance with the ethical principles
outlined in the Declaration of Helsinki, following
Good Clinical Practice guidelnes and applicable legal
regulations, and was approved by the Ethics Committee of
the Dnipro State Medical University {protocol No. § dated
Scptember 13, 20186),

The main cohort (M) consisted of 109 women with
recurrent pregnancy loss. The control group (C) was formed
by 34 conditionally healthy pregnant women with u non-
complicated obstetrical anamncesis and without risk factors
for miscarringe. All women were undergoing 4 clinical und
laboratory examination, analysis of complaints, study of
obstetric, gynecological, somutic, bereditury anamnesis,
instrumental examination (ultrasound).

Genetic polymorphisms of won factors and
fibrinolysis 1691675 5G/4G PAIL-1, 455 G-+A fibnnogen
B were studied with the help of allele-specific polymemse
chuin reaction, followed by detection by electrophoresis in
3% agarose gel. A set of reagents «SNP-Expressw (Litech
SPF) was used. DNA from leukocytes of blood, which
was isolated using the reagent «DNA-express bloodw
{Litech SPF,) was used for analysis.

Statistical processing of the study results was
performed by using  licensed computer  progrims
Microsoft Excel 2010 and Graph Pad Prism § using
methods of parametric and nonparametne statistics. The
nomality of the distnbution of quantitutive traits was
assessed using Shapiro-Wilk and Kolmogorov-Smimoy
critenia, analysis of variance, odd t-test, Mann-Whitney
Test, ¥ test with conjugation of conjugation tables and
Yates correction, Fisher's exact fest were used. Spearman
and Pearson correlation coefficients (r) were used 10
gssess the relationship between the indicators. To assess
the relstionship between impoct and outcome odds rtio
(OR) assessment was performed at 95% confidence
interval (CT). The difference between the values was
considered significant by p<0.05, Multiple regression
analysis with logit tmnsformation of the nsk function was
used for the prognostic model.

RESULTS

It was found thut the avernge age of pregnan women
in the mam group (M) exceeded that of the control group
und was 3074052 years (95% Cl: 297-3L.7) versus
25.8:085 (95% CI 24.1-27.5) in the control group
(p=0.001), This is because this pregnancy occurred after
several unsuccessful pregnancies und/or infertility treatment.

The analysis of premorbid background, obstetric and
gynecological and somatic anamnesis data reveaked that
the risk factors for muscarriage inclode sge over 35 yours
(OR~543, 95% Q1 1.02-609), history of preterm hirth
(522, 1.66-41.6), dysmenorrhea (1839, 242-139.66),

Kaluivna va upodlaarraeia weatpana, B 5§ (43] / 2025
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cervical disease (11.33; 3.27-39.27), overweight
(7.88; 1.02-60.9), hypertensive disordery (8.74; 1.13-67.36),
varicose veins of the lower extremitics (9.74; 1.27-74.8). In
oddition, the data of hereditary history, namely hypertension
in parents (OR=7.17, 95% CI 3.09-16,73), lipid metbolism
disorders (324, 428-2454), carbohydrste metsbolism
disorders (9.09; 2.62-31.5), cardiovascular incidents (heart
uttacks, strokes under the age of 50) in finst-line relatives
(21.5; 2.83-163,08), thyroid discase (16.27; 2.17-123.8), and
miscarriage (3.81; 1.46-9.94). Patients with miscatriage more
often (p<0.05) had the following gestational complications
fital growth retardation 26 (292%) (1419, 1.85-109.08),
oligohydrmnios 22 (20.2%) (5.75, 1.05-31.44),
26 (23.9%) (21.9, 1.3-369.5), threatened miscarriage {230.6,
48.9-1086.11), surgical delivery (3.75, 1.29-10.89),
The average weight of newboms in group M
((2744.0:83.0) g) wes 1.27 tmes less than m group C

((3485.6+79.5) g p<0.05). The height of newboms in the
M group ((48.0:0.62) cm) is 1.09 times less compared 1o
the C group ((52.12039) em, p<0.05). The Apgur score
in the M group was significantly lower compared w0 the
C group (p<0,05): at the st minute in the M group, 42.2%
had a score of >7 points (C=853%, OR=732; 95% Cl
2.73-19.63), and at the Sth minute in the M group - 71.6%
(C=100%, OR 27,69, 95% Cl 1.65465.5). Miscarmiuge in
past modical history has a significant effect on the werght
und height of the newborn (r, =0,680, r, 0636, respectively,
NMI)MmthcApgnm(nﬂ:lnmmmr =470,
it the Sth minute £_~0.480, p<0.001), 50 the condition of
children of mathers with miscarmiage deserves attention both

Analysis of the results of tests of genes that regulate
the hemostusis system revealed 8 high frequency of
pathological polymorphisms in patients with RPL (Table 1),

Fmdwammamwmwmmmmmmmmm:”ﬂ”
from study groups, n (%)

Geoype |Cgroup(n=an)|  METR | Sem | p | ox | eswa
PAL1 SG4G

—m o - =i <0,0001 0,16 007036

%ﬂ‘““- u 3_!'_;9_ Y ‘_!E?% 023 17 0,7%3,75

— s,szw. 12’.:% zsjs:% 0,0013 257 1723338
5

453 gﬁ"’ T )‘l;!e “:é! <0,0001 0.19 0.08-045

:;: ;:' n ngu 1!;:’5 Kj&:ﬁ 0,102 22 0.91-5.30

2 T 0,005 1047 1428327

2.9% 24.5%
Note: * - the statistical ssgnificance of differences of indscator relative 1o the C growp (p<(L035), the 2 test and Figher's exact et are used.

The following factors were considered as markers
for predicting RPL: polymorphisms in the 675 5G4/G
plasminogen activator mhibitor ~ 1 (PAI-1) and in the
fibrinogen gene f§ 455 G-+A. The choice was based on the
following ficts.

Comparing the frequencies of PAL] 5G/A4AG
genotypes, it has been determined that the 5G/SG
genotype hus protective  propertics  against  the
development of RPL and is 3.4 tmes more common
i pregnant women of group C (p <0.001, OR = 0.16,
95% CI 0.07-0.36) than in the M group. Carriees of the
pathological homozygote of the PAI-1 4G/4G gene have
been registered 5.4 times more often in the M group
(p <0.08, OR = 7.57; 95% CT 1,72-33.38). The correlation
between PAL) SG/AG and RPL was r = 0.438 (p <0.05),

The number of normal homozygotes of the 455

GG fibrinogen [} (FGB) gene in the O group (44.1%)
was reduced by 1.67-fold compared to the control group

Kabwbow va npodlaacysross megnunna N 5 (43) /2025

(73.5%, p< 0.05) (OR=0.19, 95% CI 0.08-0.45), the
number of heterozygotes of 435 GA FGB mn the M group
(16.4%) was smgnificantly indistinguishable from the
C group (23.5%, p=>0.05). The number of pathological
homozygotes of 455 AA FGB in the M group (19.6%)
significamly exceeded thmt of the main group (2.9%,
p<D05, OR=1087, 95% Cl1 142-83.27), The mnk
coefficient of Spearmun’s correlation between RPL
and polymorphism in the FGB 455 G—A gene is (.344
(pre0.05).

It was found that the combination of allelic varants
of the PAI-] genes 5GAG, 4GA4G und fibrinogen
455 GA, 455 A in women with RPL {53.2%)
was significamtly more common than in the C group
(7 (20.5%), p=<0.05, OR = 4,17, 95% CJ 1.71-10,14),

To predict RPL based on the dependent predictor
variables of PAl-l and fibrinogen polymorphisms f

was used binary logistic regression analysis with logit

15
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transformation. Thanks 10 logit transformation, the result  we can predict a continuous variable y from 0 10 1 for any
of the equation will always be in the range from 0 to |,  values of the independent variables. Thus, the equation of
and instesd of the assumed hinary vanable (cither 0 or 1),  the RPL predictive model is as follows:

pP= 1,1 4 pr" - 1/1 + exp-(o.olouw.zoxmuno.lsas:zxma) )
where xPAL s the value of PAL- |, xFG8 is the value of FGB. The value of x4/ is | if the gene is normal, equal to 2 if the

gene ix heterozygous, and equal to 3 if the gene s mutunt (pathological) homozygous; similarly, xFG B takes the values 1, 2
and 3. Each pregnant woman is assigned a vector of factors: x = (xPAJ, xFGB ~ the results of her laboratory examination.

The statistical significance of the equation was
verified using the coefficient of determination and the
Fisher test. It was found that in 22.82% of the total
varability y ts explained by the change in the factors Xj.

To determine how well the proposed model of
dependence of the probability of developing RPL on the
factors of xP41 xFGB, we ordered the values of the nsk
function of all pregnant women (group M and group
) from minimum to muximum and divided the obtained
values into ¢ight parts according to the critical values of
the nisk function (Table 2). The first group included the
part of pregnant women whase values of the risk function
gre minimal, in the second - the next part of pregnant
women with u higher value of risk functions, in the last -
the part of pregnanmt women with maximum values of the

nsk function. For cach group, the actusl and predicted
number of pregnant women with RPL was calculated,
ar well as the actual and predicted nwnber of preguant
women with s normal course of pregnancy (Table 2).

Analysis of the data shows that st the value of
P (0.801) = 0,699, the number of pregnant women with
the sctunl and predicted amount of RPL increases sharply,
and the number of healthy ones decreases, so the value
of P (0.801) = 0,699 is determined as critical, Exceeding this
value indicates that the pregnant woman should be classified
as a high-risk group for developing RPL. The sensitivity of
the proposed model is 69.72% (95% CI; 60,19-78.16%),
specificity - 76.47% (95% Cl: 58.83-89.25%), positive
predictive significance (PPV) - 90.48% (83.66-94.66),
negative predictive value (NPV) - 44.07% (35.92-52.55),

Yuhle 2
The actual and predicted number of miscarriages
serial |Thevalueofthe, Thevalueoftherisk | The number of prognant women |

number | risk function y function after logit Normal pregnancy | Total amount

i 0,44 0,6084 [) 1S 17 10 25

2 0,599 06455 1 6 2 3 .

3 0,643 06555 i3 14 7 [ 2

4 0,758 0,680% 3 2 0 1 3

3 0801 06994 19 1 I3 14 a5

[ 0,959 0,723 17 13 I 5 15

7 1,003 0,7316 13 12 1 4 14

[ 1,161 07616 7 s [1] 2 1

As a consistency between the real distribution of
observations in the presence of RPL and the distribution
obtained from the logstic regression equation, the
percentage of concordance wis used — the proportion of
carrectly requalified using the observational equation, The
higher this figure is up to 100%, the higher the quality
of the model. Considering the value of the concordance
percentage of 89.9%, it can be argued that in the vast
majority of cases, the logistic model consisting of the
sclected variables correctly predicts the RPL.

Considering the data obtained, algorithms for
predicting RPL have been developed depending on the
probability RPL calculated by the logistic equation by
mathematical modeling using binary logistic regression.
This is a conveniont method that allows to determine the
risk of miscarriage in o particular patient based on data
on the presence of polymorphisms in the genes PAL-1 675
SG/4G and fibrinogen 8 455 G—A.
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Thus, considering the current dats and the results
of many studies, it should bo clear that although
thrombophilin is not the main cause of pregnancy
complications, it still contributes to the nsks of pregnancy
loss and habitunl miscarringe, as well a5 worsening
the possible effects of other concomitant pathology
during pregnancy, and therefore should be considered
in the context of examinations of such patients [8]. This
assumption s confirned by the recent meta-analysis
of 89 studies with 30,254 participants involved, which
suggested that hereditary thrombophilia is associated
with RPL [9]. The most prevalent types of thrombophilia
assoclated with RPL are hereditary (factor V' Leiden,
genctic  polymarphism  of  methylenetetrahydrofolate
reductase (MTHFR) enzyme, prothrombin gene mutation,
protein C deficiency, ete.) or acquired (antiphospholipid
syndrome). It was found & significant difference between
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RPL and the control group for PA/-7 4G/5G mutabion und
PAI-l 4GAG mutation variants. The authors concluded
that patients with three or more sbortions had a higher
mtio than those with two abortions (p < 0.05) [10].

In [11] was established that the PAI-l 4G 4G
homozygous mutation was significantly associated with
carly pregnancy loss (14.6% in the carly loss group va
1.9% in the late loss group, p = 0.014). Late pregnancy
loss nssociated with B-Fibrinogen 455 G>A heterozygous
mutution with an OR of 2.20 (p-value = 0.002) [11].

According 1o the latest guidelines on RPL [3],
routine screening  for genctic thrombophilia 15 not
performed  except for women with miscarringe and
thrombotic risks, as well as for scientific purposes. This
approach is explained by the fact that currently there is no
method of medical treatment for RPL and genetic forms
of thrombophilia with proven effectiveness. The use of
bepunin and sspinin is not routinely indicated but s used
only in the context of thromboprophylaxis among the
women who are at nisk for thromboembolic complications.

Although there is no reasonable trestment for RPL,
couples are cvaluating opportunitics for subsequent
pregnancy. Before attempting conception, couples und
clinivians aim to dentify the cause of pregnancy loss
and choose appropriate treatment tactics 0 provent its
recumence, especially in cases with modifiable risk
fisctors such as thyroid disorders and APS. That is why
most recommendations advise mvestigating the causes of
miscarringe. However, there i¥ no consensus on when 1o
investigate risk factors in spouses with RPL.

According to Musters A. {2013) [7], couples sufformg
from RPL need individualized management that includes
appropriate support and, in this context, testing for relevant
fictors can belp reduce anxiety and munage cxpccmwm
Therefore, at this stage of scientific development, screening
for polymorplusms in the genes for thrombophilia and
endothelial dysfunction is o matter of personalized medicine.

Our findings suggest the potential value of
a selective approach for patieats with recurrent losses or
those with familial histories of thrombotic events. This
strategy may uncover actionable thrombophilia disorders,
enabling personalized interventions that could mitigate
the nisk of future pregnancy losses, such as a personalized
upprooch 1o antithrombaotic prophylaxis in pregnancy. Our
data underscore the importance of careful evaluation and
management of pregnant patients who may potentially
benefit from prophylactic anticoagulation [11].

CONCLUSIONS

Thus, molecular diagnostics in the case of RPL can
predict the possibility of this pathology i a particular
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patient, i.e. 10 predict the development of miscarnage and
create a personalized mansgement algorithm to prevent
pregnancy complications

Pathological polymorphisms of the genes of
the hemostasis system play o significant role in the
development of i namely such pathological
genotypes as 675 4G/4G PAL-] — increases the risk by 7,5
times (1,7-33,79), —45SAA fibrinogen § - by 9.7 times
(1.3-74.16).

Substantiated pathogenctic methods for predicting
pregnancy Joss, based on the determination of gene
polymorphisms PAL-1 (675 5G/4G), fibrinogen P (-455
G —» A), which 1ake into account the total contribution
of each of the markers, make it possible 1o determine the
probability of pregnancy loss and bave o sensitivity of
69.72 (95% C1 60.19-78.16%), specificity — 76.47% (95%
CI 58.83-89.25%).

Study limitations

1. Small sample stze. 2. Differemt distnbution of
genetic forms of thrombophilia depending on the region of
resadence.

Prospects for further research. The results of
the study can be used to develop a model for predicting
miscarringe  and  the creation of a  personalized
mansgement  algorithm o prevent  progmancy
complications.
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Pezome

MPOrHO3YBAHHR 3BMYHOM0 HEBHHOWYBAHHR BATTTHOCTI
’fmo.llwnn.Mnﬂ.ﬂnym

DHINpOBCHIWA QepwaBHwil MEAWNHIA YWIBEPOHTET, W, [lHinpo, Yxpaina

MeTa. PaspoGirmt MOgeaL BPOTHOSY J8MHOID NESNKOIIYBAEHR BarTTHOCT] i NCTAn! BRaaieiEn noaimopgissy revis
675 5G/4G inriGiropa axrnmaropa masmdiorea - 1 (PAL1) va diGpunoreny § 455 G—A Ta ouinera il edesxrummicr,
Mareplaan T4 merogi. [IpocnenTunse AOCAUDHONIN FHEAIOR-XORTPOAL BEAKNEA0 109 wivok n 1 rpuMectpl
BarfTHOCT Al IMVTONE NERMEOWYTAIHAM BArTHocTl T 34 yMORHO IAOPORHX DATTIHMN 3 HCYTRALTHONNM
Arymeponcne anamnesos vi 6es ducropln prasky semntomynan sacirnocrl. Fepeninml nosisopdiasm gaicropis
sropranns Ta Qlbpunoalsy 675 5G/4C PAL-L, 455 G-A Qifpusoreny B AocalDeyRats 58 ADUOMOTON ANeXk-
DOAIMEPATIIOE ARIIUOTOROT peartil
Pesyanrari. ¥ poanurcy sesmiodysanns saciruoct saromy poas smaors marosocil nosisopdlivmn renls
CHCTEMM TOMOCTANY, 8 Case Tand marosorivki renorwme, ax 675 46/4G PAL-1 nigswuye puaink s 7.5 pasw (1.7-33,79),
A55AA diGpuworeny B~ & 9.7 poant (1.3-74,16), Nowpannn aaeavknx saptairis ronin PAL1 5G/46, 4G/4G
Sitpmoresy § 455 GA, 455 A y aduon 3l s esmowynmues narirnocrd (53,2%) aycrpivanucs siporigeo
sacrime, niw s xosTponsuil rpynt (7 (20,5%), p<0,05, Bll= 4,317, 95% Al 1,71-10.14). Pospoliaen] naroreneTinsso
OGIPYRTORANL CHOCORK NPUPHOSYSANIN HEAMNOWYNAMMN MAriTMocT), wo sscwomaul Mo wwwmavensl resuio
nonimopdionin PAIL (675 5G/4G), dibpnnoreny fi (<455 G-+A), sxl spaxpEyiOTL CyRyTHMA BHECOK KSHOTO
3 MAPKEPIN, JROTI INOFY BHIKACETH AMORIPIICTA POARNTRY NERMIOUIYRANILE BATTHOCT] T34 MAIOTR Sy TANBICT. -
69,72 (95% /11 60,19-78, 16% ), cnempudlumicrs ~ 76, 47% (959 /I 58,83.89,25%).
Bucwonsn, Tlepefir sarrrwocri wa Tl naroaorivme nosivoplasin resin ccTestr remocTazy auaso AHLTLATYG
PICIHK ABMAHOTO HERMHOTIYRANIS NACFTHOCTI, 10 MAC BYTH NPAXORANO D iasiynaunl parfriocn,

Kawvoal caoea; wesmnontysanis sarirsocrl, resermina rpombodlain, yocmanennn wartrmocri, npornos,
noaimopdiam renln
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