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Abstract

Relevance. Miscarriage is a spontaneous termination of pregnancy that leads to death at any time from implantation to
delivery. Miscarriage affects about a third of pregnancies and most often occurs before the onset of viability during the first
and beginning of the second trimesters. This is often an unfavorable event for both women and their partners and can be
associated with significant psychological trauma. Despite the frequency and potentially alarming nature of miscarriage, its
pathophysiology remains poorly understood, and its history, including the temporal ordering of signs and symptoms, in the
early stages of pregnancy has not yet been fully described. In this literature review, we will try to describe the causes and
frequency of the spread of early and recurrent miscarriage.

Objective. To analyze the literature data on the causes and frequency of prevalence of early and recurrent miscarriage.

Search strategy. The study examined full-text publications in English, which are devoted to early and recurrent
miscarriage of pregnancy. In the process of literature review, the following search engines were used: Pubmed, Web of
science, Scopus, Google Scholar by keywords. The time period was designated 2012-2022. The criteria for inclusion of
publications in the review were as follows: full-text publications in English, which are publicly available and contain
statistically confirmed conclusions. Exclusion criteria: summary reports, newspaper articles and personal messages. 230
publications have been identified on this topic. Of these, 68 publications corresponded to the purpose of our study.

Results and conclusions. Human reproductive health still faces serious problems. More and more couples are
struggling with conception. However, the biggest problem is still the high frequency of pregnancy loss after successful
conception. Previous studies have documented about 10% of registered pregnancy losses, however, another 10-15% of
early losses have never been observed in a hospital or clinic and, therefore, were not registered in the registers of diagnoses
at discharge. Some of these losses occur so early in pregnancy that women do not perceive them as pregnancy loss.
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AKTyanbHOCTb. HeBblHalLMBaHWE 6EPEMEHHOCTM - 3TO CaMOMPOM3BONbHOE NMpepbIBaHNe 6epeMeHHOCTH, NMPUBOLsLLEe
K cMepTu B N0GO MOMEHT OT MMMAaHTaUMK A0 poaoB. HeBbiHalwMBaHWe GEPEMEHHOCTW 3aTparvBaeT NPUMEPHO TPeTb
BepeMeHHOCTEN 1 Yalle BCEro NpoUCXOAMT A0 HACTYNNeHUs XW3HeCnoCcOOHOCTU B TeYeHUe NepPBOro M Havana BTOPOro
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TPUMECTPOB. 370 YacTo HebnaronpusTHoe CobbITUE KaK AN KEHLLMH, Tak W Ans WX NapTHEpPOB M MOXeT ObiTb CBA3aHO CO
3HAYMTENBHON NCUXONOrNYECKO TpaBMo. HeCMOTpS Ha 4acToTy M NOTEHUManbHO TPEBOXHbINM XapakTep HeBbIHALIMBAHUS
BepemeHHOCTH, ee NaTogu3Monors 0CTaeTCs ManousyyeHHOW, U ee UCTOPWS, BKMKOYAs BPEMEHHYIO YNOPSAOYEHHOCTb
MPM3HAKOB M CUMMTOMOB, Ha paHHUX CpOKax BEPEMEHHOCTM €lle He MOMHOCTBLIO onucaHa. B gaHHoM 063ope nutepaTypbl
Mbl NOMbITAEMCS OMUCATb MPUYMHBI U YaCTOTY PacnpOCTPAHEHNS PaHHETO M MOBTOPHOTO HEBbIHALLMBAHWS GEPEMEHHOCT!.

Llenb. MpoBecTv aHanu3 AaHHbIX IUTepaTypbl MO MpUYMHAM 1 YacTOTe PacrpOCTPAHEHHOCTU PaHHEro 1 MOBTOPHOrO
HeBbIHaLLMBaHUs BepeMEHHOCTY.

Crtpateruss noucka. B uccnefoBaHuM u3yyeHbl MONHOTEKCTOBblE MyOnMKaLWM Ha aHMUIACKOM S3bIKE, KOTOpbIe
MOCBSILLEHbI PaHHEMY W MOBTOPHOMY HeBblHALLMBaHWIO BepeMeHHOCTU. B npolecce nowcka nutepatypbl UCNONb30BaHbI
cnepytolme nouckosble cuctembl: Pubmed, Web of science, Scopus , Google Scholar no kntoyeBbIM crioBam. BpemeHHoM
nepuog 6bin o6o3HaveH 2012-2022 ropamu. Kpumepuu ekmodeHus nybrukayull e 0630p Obiiu  credyouwumu:
MOMHOTEKCTOBbIE MyOrMKaLMM Ha aHIIMIACKOM Si3blKe, HaXOLALLMECS B OTKPbITOM AOCTYNE W COAepXallue CTaTUCTUYECKN
NOATBEPXAEHHbIE BbIBOALI. Kpumepuu UCKMOYeHUS: KpaTkue OTYETbI, ra3eTHble CTaTbi U NMYHbIE coobLieHus. Mo gaHHoM
Teme BbisiBneHo 230 nybnukaumin. M3 HuX Lenu Halero uccnefoBaHus COOTBETCTBOBANO 68 nybnukaLuii.

Pe3ynbTathl M BbIBOABI. PenpoaykTuBHOE 300POBbE YENOBeKa NO-MPEXHEMY CTaNKMBAETCS C CEpbe3HbIMU Npobnemamu.
Bcebonblue nap Goptotes ¢ 3a4atnem. OpHako camolt 60MbLUON NpoBRnemolt No-NpexxHEMy OCTaeTCs BbICOKas YacToTa NoTepy
OepemMeHHOCTM  mocne  ycnelwHoro3avaTus.  [pedblgylime  uccrefoBaHust  3afokymeHTupoBanu  nopsgka  10%
3aperncTpUpoBaHHbIX NoTepb GepeMeHHOCTH, ogHako, eLe 10-15% paHHMX noTepb HUKOrAa He Habnoganucs B 6onbHULE 1
KNWHWKE W, CrefoBaTenbHO, He PerucTpupoBanuCb B PerucTpax AWarHo3oB Mpu Bbinucke. HekoTopble M3 3TUX MOTEpb
MPOMCXOLAT Ha CTOMb PaHHUX CPOKax GEPEMEHHOCTY, YTO KEHLLMHbI HE BOCTIPUHUMAIOT WX Kak NOTepro GepemMeHHOCTH.

Knrouesnble crnosa: HesbiHawusaHue bepeMeHHOCMU, 8bIKUOBILL, PaHHSAS nomeps bepemMmeHHoCMU.

Tyvingeme
XKYKTUUIIKTIH Y3UTYIHIH SQNMUOAEMUONTIOrUsANbIK ACNEKTINEPI.
SAEBMETTIK LLUOJY.

Asynbim H. BnywiHosal, https://orcid.org/0000-0003-3939-3860
FynoHapa M. Wanrym6aeBa’, http://orcid.org/0000-0003-3310-4490
Ayman Bepikynsli1, https://orcid.org/0000-0002-9738-7453

3autyHa I'. XamupaynnuHa?, https://orcid.org/0000-0002-5324-8486
Fayxap A. Kopranb6aesa?, https://orcid.org/0000-0001-5257-1495
MHabar H. Opgabaesal, https://orcid.org/0000-0003-0209-0962
Hasepke K. Cannayoga?, https://orcid.org/0000-0003-3443-8847
Aunbim B. BekexxaHn1, https://orcid.org/0000-0002-0140-4897

1KeAK, «Cemen meauuuHa yHuBepcuteTi», Cemeli K., KasakctaH Pecny6nukachl;
2 KeAK "AcTtaHa meguumHa yHuBepcuTeTi”, AcTtaHa K., KasakctaH Pecnybnukachbil.

Ty#in. XKykTiniktie, y3inyi - Oyn XyKTinikTiH, e3giriHeH TOKTaTbINybl, UMNAaHTauusgaH GocaHyrFa [OediH Ke3-KenreH
yakbITTa eniMre akeneAi. XXyKTinikTiH, y3inyi XykTinikTiH, ywreH GipiHe acep eTegi xaHe kebiHece GipiHLLI XaHe eKiHLLi
TpumecTpain, 6ackiHha emiplueHaik bacTanraHra gediH Bonagpl. byn kebiHece alengep yLiH e, onapablH, CepikTecTepi
YWiH € KOMaMcbi3 OKWFA XoHe anTaprblKTal NCUXONOTUANbIK XaparatneH 6ainaHbICTbl 60nybl MyMKiH. XKyKTiniKTiH, xui
XoHe bIKTUMan anaHgayLUblifiblK cMnaTbiHa KapamacTaH, OHbIH, NaToU3MONOrMAChH Halap TyCiHINesi XaHe OHbIH, TapuXbl,
OHbIH, iliHge Benrineppin, yaxkbiTwa peTTiniri ani ToMbik, cunaTTanvarad. SaebueTTepre ockl Wwonyaa 6i3 XyKTinikTiv, epTe
XaHe KailTanama TapanyblHbiH, ceDenTepi MeH XuiniriH cunattayra ThipbiCambl3.

MakcatbI. XKyKTinikTin, y3inyiHin, epTe XaHe KanTa TypnepiHiv, cebenTepi MeH xuiniri Typank! afedneTTepre Tangay xypriay.

I3gey cTpaterusicbl. 3epTTey epTe XaHe kanuTanama XyKTinikTiy, y3inyiHe apHanfaH arbiflbIH TINHAET TONbIK MaTiHA
GacbibiMpapabl 3epTTeni. oaebuetTepni ispey GapbicbiHOa Keneci isgey xymenepi konganbigel: Pubmed, Web of
science, Scopus, Google Scholar. YarpiT kesenj 2012-2022 xbingapmeH 6enrinenai. XapusnaHemdapOs! wonyra Kocy
Kpumepulinepi MbiHanap 60n0bl. allblk, KOMKETIMAINIKTEr XaHe CTaTUCTUKalbIK, pacTanfaH KOPbITbiHAbINAPLI Oap
afbINWbIH TiNIHAET TOMbIK MTIHAI XapusanaHbiMaap. Epekwenik kpumepulinepi: KbiCkalla ecentep, raseT Maxananapbl
XaHe xeke xabapnamanap. Ocbl Takbipbin 6GoMbiHWa 230 xapusnaHbiM aHbikTanabl. OnapgbiH ilWwiHae Oisgin
3epTTeyimiagiH, MakcaTbiHa 68 BacbinbIM Calikec kenai.

Hatnxenep MeH KoOpbITbIHAbINAP. AfaMHbIH, PENPOAYKTUBTI eHcaynbiFbl ani Ae Kypgeni npobnemanapra Tan
Bonypa. Ananga, coTTi XyKTi GonygaH KemiH XyKTiniKTiH, y3inyiHiv, xofapbl AeHrelii ani ge ynkeH npobnema 6ombin
Tabbinagpl. AngbiHFbl 3epTTeYNep KyKTiNiKTiH, TIpKeNTeH LWblFbIHAAPbIHbIH, WaMameH 10% - biH KyXaTTagsl, anaiga epre
WhirbiHAapAbIH Tarbl 10-15% - bl aypyxaHafa HEMECE KNuHMKada eLlKallaH 6aikanmapbl, COHObIKTaH LWblFapbifiFaH keage
[MarHo3 peructpnepiHge TipkenmereH. byn weirbiHAapAbIH, Kenbipeynepi XyKTinikTiH, epTe ke3enaepiHae nainga Gonagsl,
COHABIKTaH arenaep onapabl XyKTinikTiH, y3inyi peTinae kabbingamangbl.

Tylindi ce3dep: xykminik, mycik mycipy, Xykminikmix epme y3inyi.
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Introduction

Miscarriage is a spontaneous termination of pregnancy that
leads to death at any time from implantation to delivery.
According to a systematic review of Supra K. early miscarriage
affects about one third of pregnancies and most often occurs
before the onset of viability during the first and beginning of the
second trimesters. This is often an unfavorable event for both
women and their partners and can be associated with
significant psychological trauma. Despite the frequency and
potentially alarming nature of miscarriage, its pathophysiology
remains poorly understood, and its history, including the
temporal ordering of signs and symptoms, in the early stages of
pregnancy has not yet been fully described. In this literature
review, we will try to describe the causes and frequency of the
spread of early and repeated miscarriage[56].

Objective. To analyze the literature data on the causes
and frequency of prevalence of early and recurrent miscarriage.

Search strategy. The study examined full-text publications
in English, which are devoted to early and recurrent
miscarriage of pregnancy. In the process of literature review,
the following search engines were used: Pubmed, Web of
science, Scopus, Google Scholar by keywords. The time period
was designated 2012-2022. The criteria for inclusion of
publications in the review were as follows: full-text publications
in English, which are publicly available and contain statistically
confirmed conclusions. Exclusion criteria: summary reports,
newspaper articles and personal messages. 230 publications
have been identified on this topic. Of these, 68 publications
corresponded to the purpose of our study.

Early pregnancy loss

Early pregnancy loss - this is an intrauterine pregnancy,
diagnosed before 12 weeks, 6 days of pregnancy[68].The
probability of an EPL prognosis is impossible, since a
miscarriage may occur before the patient finds out that she is
pregnant. In a 1988 study, the incidence of EPL was estimated
at 31%[25] and included clinically recognized and
unrecognized pregnancies (detected before clinical diagnosis).
More recent publications report cases of 12.8% to 13.5%;
however, they are based only on clinically confirmed
pregnancies [37, 55]. In the presence of highly sensitive over-
the-counter pregnancy urine tests, which can detect pregnancy
before an official clinical diagnosis, the frequency of EPL is
probably higher than that published for clinically confirmed
pregnancies. Because EPL is a common disease, doctors
should be familiar with its terminology, risk factors for the
mother, manifestations, diagnosis and treatment.

Causes of early miscarriage

The most common cause of miscarriage is a chromosomal
abnormality, such as aneuploidy or triploidy, which is
incompatible with life. Although this etiology is very common, it

is important to recognize other causes that lead to EPL. Cases
of women with recurrent miscarriage, in whom the frequency of
euploid miscarriages is higher, were considered. In fact, the
normal karyotype of an embryo or fetus may to some extent
predict subsequent miscarriage in this population, since it
indicates a different, more likely ongoing etiology [47].

According to the literature data, the causes of miscarriage
in early pregnancy can be generally divided into six categories:

1. genetic causes

2. infectious causes

3. immunological causes

4. implantation anomalies

5. anatomical abnormalities of the uterus

6. endocrine disorders

Genetic causes

A chromosomal defect is the cause of 50% to 60% of early
spontaneous miscarriages. Chromosomal abnormalities are
more common in earlier pregnancy, while cytogenetic
abnormalities are detected in 70% of cases before 6 weeks of
pregnancy [19]. Cytogenetic anomalies can be detected using
a conventional karyotype, a chromosomal microchip,
amplification of a probe dependent on multiplex ligation, and
quantitative fluorescent polymerase chain reaction. In general,
karyotypic testing is carried out with varying success, ranging
from 49% to 93%, depending on the interval from death to
cultivation and on the collection technique. The chromosome
microchip is largely practical and useful. Samples for a
chromosomal microchip are successfully collected in 99% of
cases, and a microchip with a single nucleotide polymorphism
detects 13% of anomalies that were absent with a standard
karyotype [36]. However, the cost of this test remains
prohibitively high in many conditions, and the Committee of the
American College of Obstetricians and Gynecologists currently
does not recommend the routine use of single-nucleotide
polymorphism of microchips to evaluate the products of
conception.

Infectious causes

According to some researchers, there are too many
infectious agents involved in sporadic miscarriage to list them in
full. In fact, any systemic infection in the mother can lead to
miscarriage either as a result of hematogenic transmission to
the fetal placental region, or as a result of sepsis in the mother
and hemodynamic disorders [59]. Many microorganisms have
the ability to transplacental infection, although some of them
are less associated with miscarriage in the early stages than
others [1].

Viral infections such as cytomegalovirus, herpes simplex
virus type 1 and 2, human parvovirus B19, enterovirus,
adenovirus and chickenpox virus have been implicated as
causative agents of spontaneous abortions[1], although a more
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recent study using real-ime qPCR did not show that they are
as significant a cause as originally assumed[65]. Viral infections
may be associated with certain pathognomonic histological
diagnostic signs, such as inclusions found in cytomegalovirus,
adenovirus or herpes simplex. In addition, Treponema pallidum
(syphilis), Toxoplasma gondii (toxoplasmosis), Listeria
monocytogenes and Plasmodium falciparum (malaria) are all
capable of causing transplacental infection. Bacterial infections
usually cause acute deciduitis, which is associated with
premature pregnancy loss. These pathological samples may
contain fragments of tissue with abundant exudate, but the
results are non-specific.

Anomalies with a probable immunological basis

Massive deposition of fibrin in the interstices (also called
uterine fundus infarction in placental pathology) is a process
that not only leads to loss in the first trimester of pregnancy, but
also has a significant potential for relapse in subsequent
pregnancies. This disease is manifested by large
accumulations of fibrin that surround the chorionic villi along the
basal and chorionic plates in response to damage [58]. Various
disorders can lead to damage to the villous interface between
mother and fetus, including maternal thrombophilia, which
leads to increased deposition of fibrin or violation of the integrity
of the villous trophoblast, which leads to the effect of tissue
factor and activates the cascade of blood clotting locally on the
surface of the villi. This damage to syncytiotrophoblasts can be
caused by external factors, such as maternal antiphospholipid
antibodies, or internal factors, such as deficiency of long-chain
fatty acids in the fetus [48].

Chronic villitis, histological chronic inflammation of the
villous parenchyma, is observed in placentas of the first
trimester of pregnancy. In the largest number of cases, the
infectious etiology was not established, which led to the fact
that the inflammation was called willitis of unknown etiology.
These cases are mainly considered as arising from aberrant
maternal cel-mediated immune responses to fetal antigens. In
some patients, disease progression and subsequent repeated
pregnancy loss are observed [28].

Chronic intervillusitis is a separate disease, the pathological
sign of which is the presence of dense clusters of histiocytes in
the space of maternal blood between the villi, with the presence
or absence of perivillous fibrin deposition. It is present in less
than 1% of miscarriages in the first frimester of pregnancy.
Patients with chronic intervillusitis, the etiology of which is
unknown, have recurrent early miscarriages, as well as
pregnancies with complications caused by severe growth
restrictions or stillbirth [48].

Anomalies during implantation

Implantation of a blastocyst is a very complex process
involving many cellular and tissue components; thus, the
probability of miscarriage due to one abnormal factor at this
stage of development is very high. For successful implantation,
many factors must function optimally, including the correct
maturation of the surface epithelium, the correct amount and
composition of endometrial secretions, the correct number and
types of immunocompetent maternal cells that interact with the
trophoblast on the blastocyst, and the correct receptors for the
invading trophoblast so that their invasive progress through the
maternal tissue is not stopped or blunted [67]. Currently, there
is no data on the exact distribution and frequency of all
disorders that may jeopardize implantation. In approximately
two-thirds of cases of unsuccessful pregnancy in the early

stages, anatomical signs of defective placentation are found,
which is mainly characterized by a thinner and fragmented
trophoblast shell and reduced extravillary invasion of the
cytotrophoblast into the lumen at the ends of spiral arteries [56].
In most cases, this is due to the premature onset of maternal
arterial circulation throughout the placenta. Since maternal
arterial pO2 is hyperoxic to the newly implanted embryo, this
premature perfusion leads to widespread oxidative damage to
trophoblasts and placental degeneration. In these cases,
maternal arteries located near the implantation site, which do
not show typical and necessary changes in trophoblastic
conversion, can be pathologically identified [25].

Anatomical abnormalities of the uterus

In the general population, the incidence of uterine
malformations is 9.8%, with the most common being arcuate
and partial septum abnormalities. Up to 13-19% of women with
recurrent spontaneous miscarriages have a malformation of the
uterus [26]. Septate and partially septate uterus are associated
with an increase in the frequency of miscarriages in the first
trimester in a systematic review (OR 2.89; 95% Cl 1.024-0.14)
[35]. Some observational data suggest that metroplasty may
improve obstetric outcomes in women with uterine septa, but
this has not yet been confirmed by randomized frials. In
addition, many women with these abnormalities have normal
obstetric outcomes [26].

Endocrine factors

There is evidence that thyroid dysfunction and thyroid
autoimmunity are associated with infertility and pregnancy loss
both in a situation where a woman has an euthyroid system
with antibodies to the thyroid gland, and in a woman with a
negative level of antibodies to the thyroid gland with an
increased level of thyroid-stimulating hormone[61].

Patient management

The management of a patient with EPL depends on its
form and diagnosis. If the patient has a hemodynamically
stable condition, pregnancy less than 13 weeks 6 days and
fever, it is necessary to consider the possibility of waiting
management with training the patient to monitor for excessive
bleeding or signs of infection. A complete abortion in a Rhesus-
positive patient does not require medical or surgical treatment,
but the patient should be properly informed about the
expectations of a future pregnancy. If another pregnancy is
desired, sexual rest is required, recommended within 2 weeks
after the disappearance of symptoms, after which the patient
can resume further attempts at conception [67]. It is necessary
to consult on contraception if a subsequent pregnancy is
undesirable. Patients with Rh-negative conflict should receive
Rho (D) immunoglobulin. In patients with incomplete abortion
who are in a state of afebrility and hemodynamically stable, one
dose of mifepristone 200 mg orally (if available) can be used 24
hours before a single administration of misoprostol 800 mcg
vaginally. If mifepristone is not available, only misoprostol can
still be used. If the products of conception still persist after 1
week, and if the patient has a hemodynamically stable and
afebrile temperature, consider a second dose of misoprostol.
Bleeding can be stopped with methylergonovine at a dose of
0.2 mg orally every 6-8 hours, but the patient should be
advised to immediately report a worsening of symptoms [25].
Surgical intervention is required if the patient has a pregnancy
of more than 13 weeks, hemodynamically unstable, septic,
severe bleeding and if the products of conception remain intact
[4, 52]. Follow-up of a patient who has undergone EPL includes
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sequential administration of beta-hCG. The diagnosis of EPL
can be devastating for patients and their partners and is often
associated with other physical and psychological diagnoses.
Feelings of guilt, shame, and isolation are common and can
lead to diagnoses of depression and anxiety. A history of EPL
can also have long-term consequences for the mother's health.
Recent studies have shown an increased incidence of type 2
diabetes, hypercholesterolemia and hypertension in women [25].

Recurrent pregnancy loss

Recurrent pregnancy loss a severe pregnancy disorder
experienced by ~2.5% of women frying to get pregnant [17].
Habitual miscarriage is defined as the failure of two or more
clinically confrmed pregnancies before 20-24 weeks and
includes the loss of the embryo and fetus [17]. Diagnosis of
miscarriages in the early stages is relatively simple, although
progress in predicting and preventing repeated pregnancy loss
is hampered by the lack of standardized definitions, uncertainty
associated with pathogenesis, and high variability of the clinical
picture. The prognosis for couples with repeated pregnancy
loss is usually good, although the probability of a successful
pregnancy depends on the age of the mother and the number
of previous losses. Recurrent pregnancy loss can be caused by
chromosomal abnormalities, anatomical defects of the uterus,
autoimmune disorders and endometrial dysfunction [23]. The
available treatments target the perceived risk factors for
pregnancy loss, although the effectiveness of many medical
interventions is controversial. Regardless of the underlying
etiology, married couples need to be provided with accurate
information about their chances of having a chid and
appropriate support to reduce the psychological burden
associated with multiple miscarriages [23]. Future studies
should examine the pathogenesis of repeated pregnancy loss
and evaluate new diagnostic tests and treatment methods in
adequate clinical trials.

Causes and risk factors

Genetic factors

Embryonic aneuploidy

Embryonic aneuploidy is a common cause of recurrent
pregnancy losses [11, 39, 46, 64]. Based on traditional genetic
analyses such as karyotyping, the frequency of chromosomal
abnormalities appears to be lower in women with repeated
pregnancy loss than in women with spontaneous pregnancy
loss [54]. However, more sensitive analyses, including next-
generation sequencing and chromosome arrays, have shown
that the frequency of embryonic aneuploidy may be equivalent
with repeated and spontaneous pregnancy loss. [20, 22, 49,
51, 57, 62]. It should be noted that care must be taken when
interpreting the results of any analysis. Genetic mosaicism can
exist in blastomeres and trophectoderm cells in embryos, and
compensatory mechanisms that either eliminate aneuploid cells
or restrict these cells to placental cell lines can lead to a
successful pregnancy [60]. Indeed, analysis of chorionic villi
samples showed that 1% of ongoing pregnancies have limited
placental trisomy at 11-14 weeks gestation [17].

Parental chromosomal structural abnormalities

Parental translocations, inversions, and copy number
variations are more common in couples with repeated
pregnancy loss (2-5%) than in the general population (0,7%)
[19, 47]. The differences in reported prevalence between
studies probably reflect the sensitivity of different diagnostic
methods; for example, the rates are lower in studies that used
Gimse banding than in studies that used next-generation

sequencing [60]. As mentioned earlier, a genome-wide
association study revealed four different susceptibility loci
associated with progesterone production, placentation, and
gonadotropin regulation, which are associated with sporadic
and recurrent pregnancy loss [33].

Defective sperm.

The question of whether abnormalities in sperm contribute
to repeated pregnancy loss is being discussed. Some studies
have found epigenetic modifications of sperm DNA[24] and
increased DNA fragmentation in spermatozoa, which may
contribute to repeated pregnancy loss[10, 66]. However, a
large study involving women who underwent in vitro fertilization
(IVF), who required intracytoplasmic sperm injection, did not
find a clear link between the level of sperm DNA fragmentation
and the risk of miscarriage[30]. In addition, aneuploidies are
found in 1-5% of spermatozoa, but there is no noticeable age
association[40].

Uterine factors

Anatomical factors

Structural abnormalities of the uterus are often diagnosed
during fertility studies. Congenital anomalies of the uterus,
including arched, septate, one-horned, two-horned and
didelphic uterus, are more common in women who have
suffered pregnancy loss (13.3%, 95% CI 8.9-20.0%) than in the
general population (5.5%, 95% Cl 3.5-8.5%). In addition, the
prevalence of congenital malformations of the uterus,
especially the uterine septum, is lower in women with
secondary recurrent pregnancy loss (4.6%) than in women with
primary recurrent pregnancy loss (9.0%) [27]. Congenital
anomalies are more often associated with miscarriages in the
late stages of the first and second trimesters, rather than with
miscarriages in the early stages, although the exact
mechanisms by which a congenital anomaly causes pregnancy
failure remain controversial [17].

Chronic endometritis

Chronic  endometritis is often asymptomatic or
accompanied by mild nonspecific symptoms [50], which makes
it difficult to assess its prevalence in the general population.
The registered prevalence in women with repeated pregnancy
loss ranges from 9% to 56% [8, 14, 41]; such a wide variation
in estimates is probably due to the lack of agreed diagnostic
criteria (the range of plasma cells required for a positive
diagnosis). It has been suggested that chronic endometritis
causes pregnancy loss by promoting the penetration of
immune cells into the endometrium [53]. However, there are
several studies demonstrating altered infiltration of immune
cells other than plasma cells, and there is no experimental
evidence confirming that altered infiltration of endometrial
immune cells in chronic endometritis is the cause of recurrent
pregnancy loss [17]. Limited data from observational studies
indicate improved outcomes in women with recurrent
pregnancy loss who have chronic endometritis after antibiotic
treatment; however, the effectiveness of antibiotic treatment
has not yet been evaluated in randomized controlled trials [23].

Luteal phase defect

Due to the critical role of sustained progesterone signaling
for implantation and pregnancy, low progesterone production
during the luteal phase of the menstrual cycle is widely
regarded as an important cause of miscarriage. However,
attempts to identify luteal phase defects in women with
recurrent pregnancy loss were unsuccessful [63].Nevertheless,
a meta-analysis of two large clinical trials has shown that the
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vaginal administration of micronized progesterone improves
results in women with vaginal bleeding during pregnancy and a
history of one or more miscarriages [17]. The effectiveness of
progesterone treatment positively correlated with the number of
subsequent losses [15].

Autoimmune disorders

Antiphospholipid syndrome.

Antiphospholipid  syndrome (AFS) is an acquired
thrombophilia associated with antiphospholipid antibodies. AFS
is the most common curable cause of recurrent miscarriage
[47] and is diagnosed in 15-20% of women with recurrent
miscarriage [31, 32]. AFS is characterized by vascular
thrombosis and/or obstetric complications, including early and
late miscarriages (<20-24 weeks of pregnancy) and third
trimester complications such as preeclampsia, premature birth
and fetal growth restriction. Miscarriage is the most common
complication of obstetric AFS, which by definition is present in
women with a positive test result for antiphospholipid
antibodies, and also has obstetric complications, including
repeated fetal loss, stillbirth, fetal growth retardation or
preeclampsia [38], occurring in 38.6% of women with AFS in
one European study [2]. There is no difference in the
prevalence of AFS among women with two or three or more
losses [17].

Antibodies to the thyroid gland. Some studies have shown
that antibodies to the thyroid gland (thyroglobulin,
antithyroperoxidase and antibodies to thyroid-stimulating
hormone receptors) are more common in women with repeated
pregnancy loss than in the general population, even in the
absence of thyroid dysfunction [15]; however, it is unclear
whether antibodies to the thyroid gland cause repeated
pregnancy loss [16]. Given this uncertainty, one systematic
review and meta-analysis concluded that there is no evidence
to support routine testing of women with repeated pregnancy
loss for thyroid autoimmunity [18]. The mechanisms by which
antithyroid antibodies can cause repeated pregnancy loss are
unknown, although it was assumed that antithyroid antibodies
can cause a slight deficiency of thyroid hormones, which may
worsen decidualization [29]. However, the absence of an
obvious link between intersubclinical hypothyroidism and
repeated pregnancy loss seems to refute this assumption [17].

Endocrine factors

Thyroid function.

Overt hypothyroidism is a known risk factor for miscarriage
and impaired neurocognitive development of the fetus. On the
contrary, subclinical hypothyroidism does not increase the risk
of repeated pregnancy loss.

Polycystic ovary syndrome. Polycystic ovary syndrome
(PCOS), according to the Rotterdam criteria, requires the
presence of two of the following three disorders: oligoovulation
(iregular ovulation) or anovulation (lack of ovulation),
hyperandrogenism and/or the presence of polycystic ovaries on
ultrasound [34]. PCOS has been associated with a range of
pregnancy complications, including fetal loss, gestational
diabetes mellitus and preeclampsia; however, these disorders
may be associated with concomitant PCOS diseases (obesity,
metabolic syndrome, hyperinsulinemia or hyperandrogenism).
and not directly to PCOS. Indeed, there is no clear evidence
that PCOS is an independent risk factor for repeated
pregnancy loss. The prevalence of PCOS in women with
repeated pregnancy loss is similar to the prevalence among the
general population, and PCOS status also does not affect the

prognosis of repeated pregnancy loss [17].

Obesity. Obesity (BMI 230 kg/m2) is an independent risk
factor for repeated pregnancy loss [5], [12]. Women with
obesity and recurrent pregnancy loss are more likely to have
euploid miscarriages than women without obesity[7]. Obesity is
associated with many endocrine disorders, including PCOS,
hypothyroidism and diabetes mellitus; however, as mentioned
earlier, many of these concomitant diseases individually did not
demonstrate a convincing connection with repeated pregnancy
loss [17]. Emerging data indicate that obesity affects the
endometrium (for example, impaired decidualization and
invasion of trophoblasts in mice with diet-induced obesity)[50].
In addition, obese women have fewer average luteal
eMSCs[44] and increased accumulation of glycosylation end
products in the endometrium, which worsens decidualization
and inhibits trophoblast invasion in vitro[3]. Obesity is strongly
associated with over-infertility, at least in the context of
recurrent pregnancy losses [6].

Vitamin D deficiency. There is insufficient clinical data
confirming the link between vitamin D deficiency and recurrent
pregnancy loss [21]. Vitamin D deficiency is common in women
trying to get pregnant [13] and is usually treated because of its
modest but significant effect on fertility and live birth rates [43].
The mechanism by which vitamin D deficiency can be
associated with miscarriage is unclear, although it is assumed
that vitamin D deficiency can increase the concentration of
autoantibodies, including antiphospholipid and antithyroid
antibodies[45].

Hereditary thrombophilia. Thrombophilia is an acquired or
hereditary disease that affects blood clotting and increases the
risk of developing venous or arterial thromboembolism.
Thrombophilia is caused by single mutations, such as in F5
(coding factor V Leiden) or F2 (coding factor Il), or multiple
mutations that lead to a deficiency of protein C, protein S and
antithrombin.  Although early studies have shown an
association between repeated pregnancy loss and hereditary
thrombophilia, more thorough analyses have not confirmed
these associations [9, 42].

Conclusion. The prognosis of future pregnancy depends
on the presence of embryonic genetic anomaly, intrauterine
infection, structural defect, gestational trophoblastic disease or
the underlying disease of the mother associated with
miscarriage. This is of great clinical importance. It is necessary
to distinguish between miscarriage of pregnancy of known
etiology and those that are idiopathic. For example, genetic
counseling may be recommended if one or both parents have a
hereditary risk of miscarriage.
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