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Hypertensive disorders during pregnancy are a significant issue in modern obstetrics. Preeclampsia complicates approxi-

mately 5% of all pregnancies worldwide. It is an important cause of complications for the mother, fetus, and newborn and

can also lead to fatal consequences. Gestosis is a critical condition syndrome that occurs during pregnancy, based on a variety

of sequentially developed organ dysfunctions due to insufficient perfusion-metabolic processes and the development of fetal

egg structures. Gestosis, as a syndrome of multiple organ dysfunction, is necessarily associated with pregnancy and is a crit-

ical condition. Specifically, dysfunctions are not incapacity, as dysfunction is a broader concept of organ function disruption,

which can be both hypo- and hyperdynamic in nature. Also, there is not enough data on late gestosis in the modern literature

which supports the relevance of the diagnosis problem and choosing the optimal treatment strategy for such women. All this

leads to a growing interest in the pathogenesis of this problem.
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Introduction

Preeclampsia has always been considered one of
the most serious complications of pregnancy and child-
birth. Centuries of research on the pathogenesis of
the disease have given it the poetic name “The Great
Masquerader” due toits diversity, complexity, and insid-
iousness. Thanks to the research of numerous authors,
great importance is given to the problem of endothelial
dysfunction, the combination of trophoblast invasion
inhibition in the spiral arteries of the uterus, oxidative
stress, microcirculation disorders and hypercoagula-
tion. The triggering mechanism of these processesis not
definitively established. It is only known that changes
occur in the placenta and ultimately lead to its hypoxia
and contribute to the development of placental insuf-
ficiency, spreading to the vital organs of the pregnant
woman and forming specific clinical manifestations of

preeclampsia. It has been proven that with early onset
of gestosis, the frequency of various complications is
1.5-3.4 times higher than with its late onset [1, 2].

One of the most complex aspects of the problem of
preeclampsia is establishing its cause. The main cause
of gestosis may be a problem related to the fetal egg, so
concepts based on the pathophysiological mechanisms
of the interaction between the fetal egg and the mater-
nal organism are the most likely to explain the etiology
of gestosis. Modern research shows that preeclampsia
is associated with endothelial dysfunction, inflamma-
tion, imbalance of vasoactive substances and angio-
genesis, and points to genetic and epigenetic factors
that may influence the risk of developing preeclamp-
sia. Within the endocrine system at the maternal-fetal
interface, the activin-inhibin-follistatin system mod-
ulates extravillous trophoblast invasion, indicating
a potential role in the pathogenesis of preeclampsia.
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Preeclampsia is a major factor in morbidity and mor-
tality among pregnant women and leads to poor out-
comes for both the fetus and the mother. Predicting the
health outcomes for the fetus and mother will allow for
early interventions to reduce further harm. Various
biochemical tests, such as human chorionic gonado-
tropin (hCG), inhibin A, activin A, pregnancy-associ-
ated plasma protein A (PAPP-A), fetal DNA, and color
Doppler ultrasound, have been studied for their ability
to predict the fetal condition and maternal health out-
comes; however, most of these tests are complex and
expensive [3, 4].

Prediction and prevention of preeclampsia are usu-
ally based on the study of biochemical and biophysical
markers and uterine artery blood flow indices based
on Doppler ultrasound. In cases where the severity of
preeclampsia progresses, the treatment outcomes for
pregnant women are not satisfactory. Therefore, it is
necessary to develop a system taking into account the
adverse consequences of this condition. Disturbances
in autonomic regulation play an important role in the
development of hemodynamic disorders. However,
there are still many unresolved issues in the pathogen-
esis of gestosis. This indicates that preeclampsia can
still be classified as a “mysterious” disease [5]. One of
the most important tasks of modern obstetrics is the
search for new methods of diagnosing preeclampsia
in pregnant women. Currently, the causes of this dis-
ease and the markers of its presence are not known.
The progression of preeclampsia and the possibilities
of treatment and prevention have yet to be sufficient-
ly studied. The development of prognostic criteria will
allow for predicting the development of preeclampsia
in the late stages of pregnancy and identifying a group
of patients who need special attention and supervision
due to the threat of the development of this complica-
tion of pregnancy. Timely diagnosis will allow preven-
tive measures to be taken to prevent fetal loss and, asa
result, reduce the number of resuscitation procedures
for newborns.

Inhibin A as an early marker
for the diagnosis of moderate preeclampsia

Inhibin A is a product of the dominant follicle
and corpus luteum, but the placenta is the main site
of its synthesis during pregnancy. The main function
of inhibin A is to restrain the synthesis and release of
follicle-stimulating hormone. At the beginning of the
follicular phase, the level of inhibin A is the lowest and
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subsequently increases, reaching a maximum value
in the middle of the luteal phase. The inhibin A and
estradiol levels are quite strongly correlated during
the follicular phase. After the formation of the corpus
luteum, its reverse development begins after a week,
which leads to the release of a smaller amount of estra-
diol, progesterone and inhibin A. Lowering the levels
ofinhibin A removes its blocking effect on the pituitary
gland and the release of follicle-stimulating hormone.
Alow level of inhibin A is characteristic of luteal phase
insufficiency. In women gradually aging with a decline
in ovarian reserve, a decrease in the concentration of
inhibin A is observed, which makes its use as an addi-
tional marker of ovarian reserve. During the develop-
ment of placental ischemia, the balance of placental
markers, such as pregnancy-related plasma protein-A
and inhibin A, is disturbed. During placental ischemia,
the amount of the placental marker inhibin A, a het-
erodimer composed of alpha (a) and beta, increases ()
subunits. Varieties of the B-subunit, A and B, are also
present. Inhibin affects the secretion of follicle-stim-
ulating hormone by the pituitary gland, while activin
stimulates its production. In women, these proteins
are involved in processes related to pregnancy. Inhibin
is produced not only by the gonads but also by the pitu-
itary gland, adrenal glands, and the placenta. In preg-
nant women, inhibin appears in the blood on the ninth
day after the release of the oocyte, associated with an
increase in the level of B-chorionic gonadotropin. In-
hibin A has the advantage of level stability, especially in
the second trimester of pregnancy, so a small error in
determining the gestational age does not significantly
affect the accuracy of the risks. Chorionic gonadotro-
pin stimulates the production of inhibin A. Studying
the concentration of inhibin A simultaneously in ma-
ternal serum and placenta, depending on the severity
of preeclampsia, has become important in diagnosing
this condition. It has been established that this bio-
marker is of great importance in diagnosing and mon-
itoring preeclampsia. Studies confirm the importance
ofinhibin A, and quantitative dataindicate a direct link
between it and the development of preeclampsia [6].
Abnormal levels of maternal biochemical markers
used in screening have been associated with adverse
pregnancy outcomes. This study aimed to evaluate
whether a combination of maternal characteristics and
biochemical markers in the first and second trimesters
can be used to screen for preeclampsia (PE). Scientists
analyzed 147 pregnancies with PE (81 full-term preg-
nancies, 49 premature births, and 17 with early-onset
preeclampsia), 295 with gestational hypertension, and
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166 premature births. Compared to controls, PE cases
had significantly lower median MoM for PAPP-A (0.77
vs. 1.10, p<0.0001), PIGF (0.76 vs. 1.01, p<0.0001), and
free B hCG (0.81 vs. 0.98, p<0.001) in the first trimester
along with PAPP-A (0.82 vs. 0.99, p<0.01) and PIGF (0.75
vs. 1.02, p<0.0001) in the second trimester. The lowest
PAPP-A, PIGF and free B-hCG in the first trimester were
observed in patients whose pregnancy was complicat-
ed by preterm birth and early onset of PE. This study
showed that 67% of preterm births and 76% of ear-
ly-onset PE could be predicted using a combination of
first-trimester PAPP-A and PIGF maternal characteris-
tics. Accordingly, the detection rate was 58% for gesta-
tional hypertension and 36% for cases of preterm birth.
First-trimester PAPP-A and PIGF levels measured for
aneuploidy screening provided sufficient accuracy in
identifying women at risk for early PE, allowing wom-
en at high risk for further screening and risk-reducing
therapy. This combination waslessaccurate in predict-
ing women with gestational hypertension or preterm
delivery [7]. Among maternal serum markers, the val-
ue of inhibin A was significantly higher in women with
PE than women without preeclampsia (p<0.001) [8].

In preeclampsia, inhibin A is elevated in all tri-
mesters, whereas activin A is elevated exclusively in
the late second and third trimesters. Follistatin serum
levels decrease in women with preeclampsia in the
late second and third trimesters. Based on the results
of the analysis, Inhibin A and activin A could serve as
biomarkers of early preeclampsia. Further studies are
encouraged to explore the possibility of quantifying
maternal serum activin A and inhibin A levels as clin-
ical tools for early prediction of preeclampsia [9]. High
inhibin-A in the first trimester leads to the occurrence
of preeclampsia (AUC 0.618, 95% CI, 0.513-0.724). In the
first trimester, inhibin-A shows a potential ability to
predict not only the occurrence of preeclampsia before
34 weeks of gestation but also the occurrence of preec-
lampsia after 34 weeks of gestation. In contrast, PIGF
and PAPP-A only predict the occurrence of preeclamp-
sia after 34 weeks of gestation [10]. An increase in the
level of human chorionic gonadotropin and inhibin A
is associated with higher rates of stillbirth and prema-
ture birth [11].

Diagnostics of modern markers show that the
concentration of alpha-fetoprotein (AFP) and inhibin
A were risk factors for preeclampsia and premature
birth; low concentrations of unconjugated estriol and
high inhibin A were risk factors for hypertension dur-
ing pregnancy; an increased concentration of human
chorionic gonadotropin (hCG) was a risk factor for ges-
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tational diabetes; high AFP, low hCG, and high inhibin
A were risk factors for low birth weight; low AFP and
high hCG were risk factors for macrosomia [12,13]. Tak-
ing into account the appearance of inhibin A in a preg-
nant woman’s blood, which coincides with the release
of the egg on the 9% day of fertilization, its increase
occurs simultaneously with the increase in the concen-
tration of B-hCG. Further stimulation of the produc-
tion of B-hCGis carried out due to activin A, which, like
inhibin A, belongs to the B-family of the transforming
growth factor. It is assumed that the increased level of
B-hCG stimulates the increase of inhibin A [14]. Con-
sidering the combination of serum inhibin A with ma-
ternal risk factors was useful for predicting late-onset
PE. Close monitoring of these patientsis recommended
[15]. Given the multifactorial causation of preeclamp-
sia, the most promising is using an extended screening
model that includes a combination of data on maternal
history and biophysical and biochemical markers [16].
There is a large number of contradictions that testify
to the ambiguous role of these indicators in the prog-
nosis of the development of early preeclampsia. Thus,
some authors point to the low prognostic significance
of markers [17]. Other studies, on the contrary, estab-
lished an increase in the prognostic value of the test us-
ing these markers; however, according to the authors,
it can work only in conditions of absolute knowledge of
the patient’s history and the course of pregnancy by tri-
mester [18]. Endoglin, inhibin A, and PIGF have a high
predictive value for preeclampsia. Quantification of
pro-RLX2 cannot predict preeclampsia. Nevertheless,
the potential involvement of relaxin 2/pro-RLX2 in
the pathophysiology of preeclampsia requires further
study [19].

Studies show that there is a correlation between
the level of inhibin A and the risk of developing preec-
lampsia. Analysis of the content of inhibin A confirms
that at values greater than 250 ng/l, the risk of late
pregnancy increases, while at values less than 190 ng/1,
the risk decreases. Taking into account the mechanism
of the appearance of inhibin A in the blood of pregnant
women, it can be assumed that the increase in the pro-
duction of this marker is associated with the develop-
ment of preeclampsia and a violation of the normal for-
mation of the placenta in the early stages of pregnancy
[20]. It has been studied and analyzed that the rational-
ity of carrying out complex modified therapy of preec-
lampsia in women of high risk of development, taking
into account early diagnostic markers, leads to the
normalization of the structure of the placenta. This is
confirmed by a decrease in the frequency of alternative
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changes in the placental amnion, epithelium and stro-
ma of the chorionic villi according to the results of his-
tological examination [21].

Scientists have investigated that the value of fi-
bronectin in the second trimester was positively cor-
related with severe preeclampsia and predicted 67.7%
of cases of severe preeclampsia. The combination of
fibronectin, inhibin A, and mean blood pressure pre-
dicted 76.7% of cases of severe preeclampsia; predictive
values for combinations of fibronectin with mean ar-
terial pressure or inhibin A were 75.4% and 74.6%, re-
spectively. The combination with markers increased
the prognostic value of fibronectin. In addition, fi-
bronectin was more potent for the subgroups of late
severe preeclampsia and severe preeclampsia without
fetal growth restriction. High second-trimester mater-
nal serum inhibin-A is significantly associated with ab-
normal placentation, which increases the risk of preec-
lampsia and PCOS, resulting in preterm birth, but not
the risk of spontaneous preterm birth. In contrast, low
inhibin-A levels were not associated with any common
adverse pregnancy outcomes [22]. Considering the re-
sults of this study, we can conclude that the MOM of
maternal serum inhibin A levels during second-stage
pregnancy screening tests can predict the frequency
and severity of preeclampsia in pregnant women. This
is not the case in cases of hypertension during preg-
nancy [23]. Women with severe or early preeclampsia
had the lowest levels of TGF-B1. Levels of activin A, in-
hibin A, sEng, and sBG were positively correlated with
mean arterial pressure and proteinuria (all P<0.01) [24].
The relationship between late gestation on the back-
ground of metabolic syndrome and the development
of placental insufficiency was revealed. Therefore, it
is necessary to conduct further research to find new
molecular genetic and immunological indicators of the
development of preeclampsia aimed at early diagnosis
and assessment of the severity of this pathology since
the prognostic ability of the above-mentioned factors
is insufficient [25].

Based on this review, a combination of markers
should be evaluated to identify high-risk women. It is
hoped that new methods for measuring multiple mark-
ers will facilitate the development of clinically effec-
tive screening programs in the future [26].

Conclusion

New methods of diagnosis and treatment, such as
the use of biomarkers and anti-angiogenic drugs, are
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being studied to improve the detection and manage-
ment of this condition. Also, in the modern literature,
there needs to be more data on late gestosis, which sup-
portsthe relevance of the diagnosis problem and choos-
ing the optimal treatment strategy for such women. All
this leads to a growing interest in the pathogenesis of
this problem. Despite the great interest of researchers
in this issue, etiology and pathogenesis remain a sub-
ject of debate at present.
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