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Preeclampsia is a common complication of pregnancy. It is a multi-organ disorder that remains one of the main
causes of maternal morbidity and mortality. Additionally, preeclampsia leads to many complications that can
occur in the fetus or newborn. Preeclampsia occurs in about 1 in 20 pregnant women. This review focuses on
the prediction of preeclampsia in women, using various biomarkers, in particular, a factor combining the use
of soluble FMS-like tyrosinokinase-1 (sFlt-1) and placental growth factor (PIGF). A low value of the sFlt-1/PIGF
ratio rules out the occurrence of preeclampsia within 4 weeks of the test result, and its high value predicts the
occurrence of preeclampsia within even 1 week. The review also highlights other factors, such as pregnancy-as-
sociated plasma protein A, placental protein 13, disintegrin and metalloprotease 12, -human chorionic gonad-
otropin, inhibin-A, soluble endoglin, nitric oxide, and growth differentiation factor 15. Biomarker testing offers
reliable and cost-effective screening methods for early detection, prognosis, and monitoring of preeclampsia.
Early diagnosis in groups of women at high risk for preeclampsia allows for quick intervention, preventing the
undesirable effects of preeclampsia. However, further research is needed to validate and optimize the use of
biomarkers for more accurate prediction and diagnosis. This article aims to review the role of biomarkers, in-
cluding the sFlt1/PIGF ratio, in the prognosis and management of preeclampsia.
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Introduction

Preeclampsia (PE) is a common complication in pregnancy. It is
a multisystem disorder that continues to be one of the leading
causes of maternal morbidity and mortality [1,2]. PE affects ap-
proximately 5% of all pregnant women. Annually, this disease
causes up to 500000 deaths among fetuses and newborns,
as well as 46 000 maternal deaths, most of them in low-de-
veloped countries [3]. According to research, PE is one of the
most common causes of death among pregnant women, sec-
ond only to hemorrhage and sepsis, which have caused deaths
in women in the early stages of pregnancy [4].

In addition to impacting morbidity and mortality in pregnant
women and their babies, improving PE prediction has enor-
mous health and financial implications. Treatment of PE gen-
erates huge costs in many highly developed countries, which
is why various types of research are conducted to increase the
chances of predicting, diagnosing, and treating this condition.
There remains a medical need to improve the accuracy of PE
prediction and diagnosis, and to increase the ability to detect
adverse outcomes later in pregnancy. Centers still use diagnostic
tests for PE based on doctors’ observations and tests, such as
laboratory parameters, biomarkers, and ultrasound results [1].

The characteristic symptoms of PE are proteinuria and hyper-
tension appearing after week 20 of pregnancy. PE affects many
organ systems, such as the respiratory, hepatic, urinary, neu-
roendocrine and circulatory systems, leading to fetal growth
restriction, preterm birth, and other adverse effects on the fe-
tus [5]. After many years of using standard symptoms in the
diagnosis of PE, which was then the “criterion standard”, it
was found that this method had significant drawbacks. These
diagnostic criteria had very low positive predictive value.
Additionally, they predicted unfavorable outcomes related to
PE in only 20% to 30% of effected pregnancies [6]. Currently,
the latest definition of PE has evolved from the classic triad of
symptoms, namely hypertension, proteinuria, and edema, to
hypertension and organ dysfunction. As a result, many inter-
national and national guidelines have changed. The American
College of Obstetricians and Gynecologists (ACOG) was the first
to relativize the role of proteinuria and stated that PE can be
diagnosed in the absence of proteinuria [7].

Gestational hypertension is the most common disorder occur-
ring in hypertensive pregnancy and is defined by the first ap-
pearance of hypertension (systolic blood pressure >140 mmHg
and/or diastolic blood pressure 290 mmHg) at 20 weeks or
later of gestation, in the absence of new signs of organ dys-
function or proteinuria [8].

However, the ACOG definition still does not highlight all symp-
toms that can be a consequence of PE. ACOG does not consider
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the consequences of an inefficiently functioning placenta, and
therefore, also intrauterinal fetal growth restriction. The defi-
nition of PE was updated in 2018 by the International Society
for the Study of Hypertension in Pregnancy (ISSHP). According
to this definition, PE is a new onset of hypertension in associa-
tion with peripheral organ symptoms, such as liver dysfunction,
hemolysis, thrombocytopenia, or fetal growth restriction [9].

The poor prognosis associated with PE includes many complica-
tions in both the mother and fetus. These can include maternal
and/or fetal death, as well as specific peripheral organ damage,
such as acute renal failure, pulmonary edema, eclampsia, and
HELLP (hemolysis, elevated liver enzyme levels, and low platelet
levels) syndrome. The fetus can have prematurity and its compli-
cations, such as necrotizing enterocolitis, intraventricular hem-
orrhage, and growing too small for gestational age. While most
are late-onset cases after 34 weeks of gestation, women with
early-onset disease have a higher incidence of adverse mater-
nal and fetal outcomes [10]. It is believed that the symptoms
of PE do not appear earlier than week 20 of pregnancy; how-
ever, the molecular pathways involved in the pathogenesis of
the syndrome appear quite early in pregnancy [11]. The etiol-
ogy of PE is still not precisely defined. Evidence suggests that
the complexity of the pathophysiology and etiology of PE dif-
fers between early- and late-onset PE. PE detected before week
34 of pregnancy, known as early PE, is believed to be caused
by placental disfunction. However, in the case of late-onset PE,
namely symptoms that appear after week 34 of pregnancy,
cardiovascular dysfunction is considered to be the cause [12].

This article aims to review the role of biomarkers, including the

soluble FMS-like tyrosine kinase 1 and placental growth fac-
tor (sFlt1/PIGF) ratio, in the prognosis and management of PE.

PE Frequency and Diagnosis

PE is a complication in 2% to 8% of pregnancies worldwide and
contributes to 9% to 26% of deaths among pregnant women.
Diagnosis is based on the new onset of persistent high blood
pressure (greater than 140 mmHg systolic blood pressure or
greater than 90 mmHg diastolic blood pressure within 4 h),
which must be diagnosed after the 20" week of pregnancy.
Other important factors are the appearance of proteinuria,
symptoms of internal organ dysfunction, headache that does
not respond to analgesic treatment, pulmonary edema, or re-
nal dysfunction, with abnormal laboratory test values [13].

Pathogenesis of PE

An important factor in a properly developing pregnancy is prop-
erly functioning blood flow through the placenta. In pregnant
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women, as a result of the invasion of placental trophoblasts,
the uterine spiral arteries are rebuilt, which causes them to
widen and reduce resistance. In PE, the arteries are not com-
pletely remodeled, which means there is insufficient perfusion
in the placenta. As a result of these abnormalities, placental
cells secrete numerous biochemical factors into the pregnant
woman’s bloodstream that influence endothelial dysfunc-
tion, stimulation of the mother’s immune response, oxidative
stress, and activation of coagulation pathways. These chang-
es lead to hypertension, proteinuria, and dysfunction of inter-
nal organs [14,15].

The process of extravillous cytotrophoblast invasion into the
spiral arteries takes place between weeks 13 and 18 of preg-
nancy. The consequence of this phase of trophoblast invasion
into the spiral arteries is the loss of endothelium and most of
the muscle-elastic fibers. The size of the spiral arteries increas-
es and, at the same time, they become insensitive to vasoac-
tive drugs. These modifications improve blood flow through
the uterus. The endothelium, internal elastic membrane, and
muscular layer are replaced by the trophoblast. These changes
concern the spiral arteries in their temporal part and in their
part running within two-thirds of the thickness of the uter-
ine muscle. The diameter of the spiral arteries increases 4 to
6 times, compared with the state before pregnancy. Because
the autonomic innervation is destroyed, there is a loss of
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sensitivity to vasoactive substances. Then, the vascular endo-
thelium layer is recreated. Dilated uteroplacental arteries are
formed, ensuring sufficient perfusion of the intervillous space.
These physiological changes create a low-pressure, high-flow
uteroplacental circulatory system. This process is completed
between weeks18 and 22 of pregnancy [16-18].

When it comes to a pregnancy complicated by PE, cytotro-
phoblast invasion of the spiral arteries is limited to their in-
tradermal part, excluding the part running inside the uterine
muscle. Spiral arteries that have not undergone the complete
spectrum of changes are much narrower. Their diameter is less
than half the diameter of these vessels in a normal pregnancy.
The number of spiral arteries into which the trophoblast enters
is reduced. These changes cause a reduction in uteroplacental
blood flow in pregnancy complicated by preeclampsia [19,20].
The above changes are schematically presented in Figure 1,
and the stages of PE pathogenesis are shown in Figure 2.

PE Risk Factors

A huge number of multi-center studies have been conduct-
ed including pregnant patients, in which attempts have been
made to distinguish various factors contributing to the more
frequent occurrence of PE.

Spiral artery

Healthy pregnancy with normal
endothelium

Maternal endothealial
cells

Inflammation

Smooth muscle
cells

Spiral artery

Myometrium

Pregnancy complicated with
preeclampsia with endothelial
disfunction

Figure 1. Comparison of changes occurring in pregnancy without preeclampsia and in pregnancy with preeclampsia.
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Stage 1:
Incorrect implantation
of the placenta

Emergence of risk factors

|

Impaired trophoblast invasion and
insufficient spiral artery remodeling

Stage 2:
Disturbed angiogenic balance and
abnormal endothelial function

Imbalance of angiogenic factors:
Elevated sFtl-1and sEng
Lowered PIGF and VEGF

Changes in the level of vasoactive factors:
Increased values of thromboxone A2 and

endothelins
Lowered values of prostacyclins and nitric
oxide

Increasing the mother’s immune response

Figure 2. Stages of preeclampsia pathogenesis
[14].

Extensive oxidative stress and
abnormal placental perfusion l

Abnormal development and
defective morphology of placenta
villi

1. Hypertension

proteinuria

Activation of the maternal coagulation system

Systemic endothelial dysfunction

2. Glomerular endotheliosis leading to

3. Multiple organ failure

PE risk factors can be divided into several groups: demographic
factors and family history, medical or obstetric history, condi-
tions occurring in the first trimester of pregnancy, and condi-
tions occurring in the second trimester [10] (Table 1).

Therapeutic Management in PE

The basis of treatment when diagnosing PE is the control of
blood pressure using antihypertensive drugs, which can be
used in pregnant women. The condition of the fetus should
be constantly monitored using ultrasound and cardiotocogra-
phy. However, the only treatment for PE is to end the preg-
nancy as soon as possible. Absolute termination of pregnan-
cy is recommended in patients after 37 weeks of pregnancy
with moderate PE and after 34 weeks of pregnancy in patients
with severe PE (after administration of fetal steroid therapy).
Additionally, intravenous administration of magnesium sulfate
is used to prevent eclamptic seizures [13].

Complications of PE

Failure to treat PE can result in severe hypertension, HELLP
syndrome, eclampsia, pulmonary edema, myocardial infarction,
stroke, acute respiratory distress syndrome, retinal damage,
and renal failure. Disorders can also occur in the fetus, includ-
ing the possibility of intrauterine inhibition of fetal growth or
premature separation of a properly implanted placenta. There
is also a risk of death for the mother and fetus [13].

Role of the sFlt-1/PIGF Ratio

Over the last 20 years, there has been an increase in the number
of screening tests being performed and in the predictability of
the occurrence of PE in women of high-risk groups. Angiogenic
biomarkers may exclude conditions that can mimic PE and have
overlapping symptoms [26,27]. Recently, screening biomark-
ers have been introduced into diagnostics. One of them is the
sFlt-1/PIGF ratio, which is a promising contribution in the pre-
diction and management of PE [1]. Studies have shown that
the use of the sFlt-1/PIGF ratio has greater diagnostic signifi-
cance than the use of each biomarker separately [26]. However,
each component of the coefficient used should be mentioned.

PIGF is a glycosylated dimeric protein that is important in pla-
cental angiogenesis in early pregnancy and stimulates the
growth, differentiation, and invasion of trophoblasts into the
maternal decidua [28]. In addition to its location in the placen-
ta, this biomarker can be found in skeletal muscle, heart, lung,
thyroid, and endothelial cells. It increases in ischemic states,
inducing the maturation and stabilization of newly formed
blood vessels, and mobilizes inflammatory, vascular, and he-
matopoietic progenitor cells of the bone marrow participating
in the formation of collateral vessels [29]. Its concentration is
significantly increased during the beginning of pregnancy; the
greatest increase occurs in week 30 of pregnancy, and then it
slowly decreases [30]. PIGF has a strong correlation with the
partial pressure of oxygen; therefore, its level is reduced in
placental hypoxia. This explains why PIGF levels are depleted
in women with PE [16].
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Table 1. Summary of preeclampsia risk factors [20-25].

Group of factors Factor

Demographic and family factors

Medical history

Current pregnancy - 1°t trimester

REVIEW ARTICLES

Maternal age 40 years or older

Systolic blood pressure of 130 mmHg or higher and diastolic blood pressure of 80 mmHg

or higher at the first visit

Current pregnancy - 2" and 3"
trimester

Abnormal biomarker values

sFlt-1 is an anti-angiogenic protein that binds to and inhibits
proteins, such as PIGF and vascular endothelial growth fac-
tor (VEGF), thereby causing endothelial dysfunction [31,32].
sFlt-1 is one of the isoforms of the glycosylated sFlt protein
[33]. The main source of sFlt-1 is the placenta of the preg-
nant woman. Studies have found that sFlt-1 concentrations
are highly elevated in the circulation of women with PE, and
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this elevated concentration existed before the development
of other symptoms of PE, such as proteinuria and hyperten-
sion [16]. Studies indicate that increased sFlt-1 values oc-
cur even before the appearance of proteinuria and hyperten-
sion [33]. In women with PE, the concentration of this protein
can reach values 5 times higher than those found in women
without suspicion of PE [28].
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Attention was first paid to the sFlt-1/PIGF ratio in 2003 and
2004. It was then shown that women with PE had an increased
sFlt-1 value and a decreased PIGF value. It has also been proved
that the more dysregulated the placental expression and cir-
culating concentration in peripheral blood, the more severe
the disease [34,35]. The identification of the sFlt-1/PIGF ratio
led to the rapid automation of tests examining the use of the
ratio to improve the prediction and diagnosis of PE [36,37].

In 2016, a multicenter study was conducted to assess whether
a low value of the sFlt-1/PIGF ratio could predict the absence
of PE within a week of the test result and whether a high val-
ue could predict the occurrence of PE within the next 4 weeks.
Five hundred pregnant women were examined, using a cut-off
value of 38 [26,38]. It was found that a value of 38 and lower
could be used to predict the short-term absence of PE in wom-
en in whom this syndrome was clinically suspected. According
to this study, the negative predictive value of a coefficient at
the cut-off point or below was 99.3%. The ability to accurate-
ly rule out PE within 1 week based on the sFlt-1/PIGF ratio
can improve clinical decisions regarding hospitalization, com-
pared with outpatient monitoring and the intensity of ambu-
latory monitoring [26,39]. A very high negative predictive val-
ue is crucial in the evaluation of a patient with suspected PE,
because failure to detect this disease can have serious conse-
quences for the fetus and mother [25]. Multiple clinical stud-
ies have shown that the sFlt-1/PIGF ratio demonstrated better
diagnostic performance than did single biomarkers [26,37,40].
One study extends the recommendations by prospectively vali-
dating the sFlt-1/PIGF ratio cut-off of 38 by calculating it using
available and fully automated immunoassays [26].

A study conducted in 2016 by Zeiser et al showed that time to
delivery is significantly correlated with sFlt-1/PIGF ratio levels,
regardless of the presence of features of PE defined by hyper-
tension and proteinuria [41].

According to a study conducted in 2019, an sFlt-1/PIGF ratio
higher than 85 can be a predictive marker for the early on-
set of PE and possible adverse outcomes in the mother and
fetus. However, an sFlt-1/PIGF ratio lower than 38 in women
between 24 and 37 weeks of pregnancy can be a reliable pa-
rameter to rule out PE [31].

In 2021, a study called ROBUS aimed to determine the useful-
ness of outpatient biomarkers in the treatment of hypertensive
pregnancies in the third trimester. It was a cohort study of 50
women, 48% of whom had chronic hypertension, and 52% of
patients had hypertension for the first time during pregnan-
cy. Pregnant patients with a high sFlt-1/PIGF ratio were more
likely to experience PE with severe symptoms, higher rates of
maternal complications, and preterm birth, whereas women
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with a low sFlt-1/PIGF ratio were able to carry the pregnancy
to term, with close supervision [42].

Studies of pregnant women that focused on how to best use
the sFlt-1/PIGF ratio to identify women at risk for PE who were
at risk for adverse complications have focused on the inter-
pretation of single test results. Retesting has been shown to
add predictive accuracy. An analysis was performed of 550
women whose cut-off value was below 38, and the onset of
PE was excluded in 1-time testing 2 and 3 weeks after the ex-
amination, with high negative predictive values of 97.9% and
95.7%, respectively. In case of retesting, onset of PE within
4 weeks was excluded, with high negative predictive values
(94.3%) and high sensitivity (66.2%) and specificity (83.1%).
According to this study, repeated sFlt-1/PIGF ratio testing in
women suspected of having PE should increase confidence in
clinicians’ decision making [43].

In 2021, a study was conducted in Spain to determine wheth-
er longitudinal changes in angiogenic factors improve the pre-
diction of adverse outcomes in women with early onset of
severe PE; 63 pregnant women were examined, 26 of whom
had complications. Longitudinal changes in biomarkers were
shown to be more pronounced in pregnancies with complica-
tions than in pregnancies without complications. The above
study demonstrated that in early-onset severe PE, longitudi-
nal changes in sFlt-1 levels improve the prediction of adverse
outcomes and the interval to delivery [44].

One study compared the sFlt-1/PIGF ratio to traffic light sig-
naling, including 3 groups: a green light, yellow light, and red
light group. The green light group consisted of women with ra-
tio value below 38 — those in whom there was a high degree
of certainty that no PE or related complications would occur
within 4 weeks. The yellow light group consisted of women
with suspected PE and sFlt-1/PIGF values between 38 and 85,
who were at increased risk of PE and related complications
within the next 4 weeks, and for whom it was recommended
to repeat the test after a week. The red light group consist-
ed of women with suspected PE and sFlt-1/PIGF ratio values
above 85, in whom this phenomenon was expected to occur
in the near future. For women in the green group, follow-up
was recommended within the next 4 weeks of the examina-
tion; for women in the yellow group, follow-up was recom-
mended within a week of the examination. However, for the
red group, with the possibility of PE symptoms and complica-
tions, immediate hospital control was recommended, if pos-
sible, in a perinatal center, and depending on the ultrasound
examination, cardiotocography, and laboratory results, hospi-
talization could be indicated [45] (Figure 3). In the case of pa-
tients with an sFlt-1/PIGF ratio 85 and higher, the standard
of care is admission to hospital and reassessment of parame-
ters. If the results remain stable, the patient should continue
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sFlt-1/PIGF
>85

complications within 4 weeks

Follow up in 1 week

sFit-1/PIGF
<38

will not occur within 4 weeks

Follow up in 4 weeks

This group includes women with suspected PE who are expected to
develop PE symptoms and possible complications within 1 week

Immediate hospital check-up, ultrasound examination, cardiotocography examination and laboratory tests,
based on which decisions should be made

This group includes women with suspected PE who are at increased risk of developing PE and related

This group includes women with suspected PE who are fairly certain that PE and its complications

Figure 3. Interpretation of the soluble FMS-like tyrosinokinase-1/placental growth factor ratio and plan of action in case of different
values of test results as a comparison to road signaling [1,45].

to be closely monitored. The vast majority of these patients
develop symptoms of the disease or need to be continuously
monitored. The sFlt-1/PIGF ratio is particularly useful between
weeks 24 and 34 of pregnancy because it allows for better con-
trol and the ability to make decisions regarding further diag-
nostics and treatment [25,46].

In 2023, research was conducted on the usefulness of predict-
ing the sFlt-1/PIGF ratio in detecting unfavorable pregnancy
outcomes related to placental dysfunction in twin pregnancies.
PE is twice as common in twin pregnancies. Additionally, it of-
ten occurs in more severe forms, and its onset usually occurs
earlier than in singleton pregnancies. The majority of studies
found an increased sFlt-1/PIGF ratio in twin pregnancies with
PE or other adverse perinatal outcomes than in pregnancies
without disease. This experience suggests that data from 3
prospective studies indicate that classical cut-offs used for sin-
gleton pregnancies can be transferable to twin pregnancies.
One of the main goals of the studies was to define an effec-
tive cut-off value to exclude or diagnose PE in twin pregnancy
patients. Most authors confirmed the existing cut-off values
for singleton pregnancies of 38 and 85 from previous studies
can be used in twin pregnancies. This finding should be con-
sidered as promising, because 80% of the published results
show a positive predictive value [47]. Another study analyzed
the results of 269 women with twin pregnancies. PE was sus-
pected in 62 of these patients, and only 21 patients ultimately
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developed PE. After analyzing the results of the sFlt-1/PIGF ra-
tio test, it was found that up to week 29 of twin pregnancy, no
differences were observed in the median, compared with that
of singleton pregnancies. However, after week 29 of pregnan-
cy, the median values of twin pregnancies were higher than
those of women with singleton pregnancies [48].

The latest article on the sFlt-1/PIGF ratio proves that it is an
additional and advanced diagnostic tool for PE, independent
of blood pressure or laboratory markers related to HELLP syn-
drome, to identify pregnant patients who will develop PE or
its severe form requiring premature birth. The study also con-
firmed the economic importance of using this coefficient, as
it allows for reduced costs and shorter hospital stays for pa-
tients. According to the study, this will reduce the number of
unjustified tests and even premature births, and will allow for
a better focus on patients actually affected by PE [49].

Currently, there are no clear recommendations for the practi-
cal use of angiogenic biomarkers in the detection and treat-
ment of PE in routine clinical practice. For some time now,
the main international clinical guidelines have indicated the
possibility of using specific biomarkers in cases of suspect-
ed PE, and most researchers follow this in their local practic-
es. However, the guidelines do not specify the values of spe-
cific parameters [25].
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The conclusions resulting from these studies contributed to
the initiation of the use of this coefficient in women with sus-
pected PE.

Other Biomarkers Used to Predict PE in
Pregnancy

Understanding the pathogenesis of PE has allowed for the de-
velopment of many different biochemical tests, allowing for
better and faster diagnosis [50].

One of the factors investigated when PE is suspected is the
glycoprotein pregnancy-associated plasma protein-A (PAPP-A),
a protein important for the development of the placenta and
fetus, which is used as a predictive biomarker. PAPP-A is also
involved in growth and development processes, such as bone
remodeling during puberty, folliculogenesis, wound healing,
and atherosclerosis. PAPP-A concentration is low in the first
trimester of pregnancy and increases gradually until the third
trimester of pregnancy. It is also a marker used in screening
tests for chromosomal abnormalities. A 2018 study found that
pregnancies with reduced PAPP-A protein levels were largely
associated with an increased risk of early PE. It was also con-
firmed that reduced PAPP-A concentrations, with a cut-off of
<10% percentile, could be used to predict PE [50]. It is now sug-
gested that PAPP-A measurement along with other biochemi-
cal markers, maternal factors, and Doppler ultrasound can be
used as an early marker for PE screening [51,52].

Another biomarker used to predict PE is placental protein 13
(PP-13), a protein synthesized by the syncytiotrophoblast. PP-
13 plays a major role in the processes of maintaining pregnan-
cy. Studies show that in the first trimester of pregnancy, PP-13
values are low, and its concentration increases with the dura-
tion of pregnancy. If PE is suspected, the value of this protein
is lower than the expected norm [53,54]. According to a recent
study, PP-13 has a specificity of 0.83 (95% Cl) and a sensitiv-
ity of 0.53 (95% Cl). The results of the study suggest that PP-
13 can be considered a strong predictor of early-onset PE [55].

Research has also been conducted on the use of a-disinteg-
rin and metalloprotease 12 (ADAM-12) in the prediction of PE,
but the studies have not shown their significant importance in
the prediction of PE. Moreover, even when several diagnostic
methods were combined, ADAM-12 still had only a 44% de-
tection rate [56,57].

Another molecule used in PE prediction is f-human chorion-
ic gonadotropin (B-hCG), a hormone produced by placental
trophoblasts. The serum concentration peaks around week 8
to 10 of pregnancy and then decreases [58]. Reduced B-hCG
values in the early trimester of pregnancy indicate abnormal
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trophoblast function and are a marker of delayed implanta-
tion and impaired placental function. Its low concentration
can contribute to the development of PE. There are studies
indicating that low B-hCG levels <50 IU/L quadruple the risk
of developing PE. However, one study also found that a sin-
gle low B-hCG value may not serve as a strong biomarker for
predicting the risk of PE [54]. It is said that the use of B-hCG
as a biomarker to predict PE nevertheless shows a low detec-
tion rate with low sensitivity [58-60].

Tests for the prediction of PE also use the placental protein inhib-
in-A, a hormone involved in fetal growth and maintaining preg-
nancy. Its values peak twice during pregnancy, for the first time
between week 8 and 10 of pregnancy, after which it stabilizes and
then reaches another peak in the third trimester [15,61]. Existing
research shows a relationship between high inhibin-A levels and
the possibility of developing PE. Despite these suggestions, the
sensitivity of inhibin-A as a strong predictive biomarker is con-
sidered to be low, so it is recommended to be used in combina-
tion with other measurements to obtain the best result [15,62].

For the prediction of PE, the test of one of the anti-angiogenic
factors, soluble endoglin (sEng), was also introduced. There are
reports that a high sEng value in women with PE correlates with
disease severity. SEng expression was 4 times higher in wom-
en with PE than in women with a healthy pregnancy. Elevated
sEng levels can be observed even before the onset of clinical
symptoms. It has been proven that measuring sEng concentra-
tion can allow for early prediction and diagnosis of PE [63-65].

Additionally, research was conducted on the use of nitric ox-
ide in the prediction of PE. Nitric oxide is a gaseous molecule
that helps in the processes of angiogenesis, neovasculariza-
tion, regulation of vascular tone, and regulation of systemic
blood pressure. During pregnancy, nitric oxide acts as a modu-
lator of angiogenic factors, such as VEGF, PIGF, and transform-
ing growth factor B, which are the others biomarkers used in
prediction of PE. However, there is still too little research on
the use of nitric oxide in the prediction and diagnosis of PE
for it to be widely used [15,66].

Finally, research has been conducted on the use of growth dif-
ferentiation factor 15 (GDF-15) as a biomarker. GDF-15 is a
peptide produced in the placenta that is secreted in response
to stress and during cell damage and inflammation. GDF-15
has been found to have a cardioprotective function. GDF-15
values increase with the duration of pregnancy, and in the
case of PE, they are dysregulated. In women with a pregnan-
cy lasting 30 to 34 weeks, higher values were found in wom-
en with PE than in women without PE. Despite these observa-
tions, the values varied very little; therefore, the use of GDF-15
as a sole predictive marker is not recommended [67,68]. The
biomarkers used in the prediction of PE are shown in Table 2.
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Table 2. Biomarkers used in preeclampsia prediction [14,31,50-64].

REVIEW ARTICLES

Biomarker A change from a healthy pregnancy

Soluble FMS-like tyrosinokinase-1 (sFlt-1)

A score higher than 85 may be a predictive marker for early onset of PE, and

Very elevated values in women with suspected preeclampsia (PE)

a score lower than 38 is highly likely to exclude PE

A value lower than the norm during certain periods of pregnancy most likely
indicates PE

A reduced value may indicate the probability of PE, but its detection rate is

too low

A high level of Inhibin-A can indicate the likelihood of developing PE, but the

sensitivity is too low

An increased value can indicate PE; the value strongly correlates with the

Soluble endoglin (sEng)

severity of the disease

Future Directions

Larger studies focusing on investigating the best biomarkers
with better predictive values still need to be conducted. Due
to the lack of a certain etiology of PE, research should also be
conducted to fully understand the molecular mechanism of
the disease and the importance of biomarkers in various pro-
cesses. Thanks to further research on individual markers, these
markers may in the future allow for faster detection and cap-
ture of groups at increased risk, as well as distinguishing ear-
ly and late forms of PE.

Research is currently underway to predict PE in the early stag-
es of pregnancy. One study combined patient clinical data, rou-
tine laboratory indicators, and biological markers to improve
the clinical capacity for early diagnosis of PE [69].

A study from Paris investigated the use of the sFlt-1/PIGF ra-
tio to improve perinatal care and reduce costs in patients with
suspected PE before 35 weeks of pregnancy [70].

A study called PREMOM, being conducted since 2021, aims
to investigate the use of molecular tests in the prediction of
PE in women in the first trimester of pregnancy. Researchers
assume that there is a unique molecular profile in peripheral
blood specific to women who develop PE, which allows for ear-
ly assessment of the risk of this pregnancy complication [71].

Many countries are conducting research on the introduction
of new biomarkers. Currently, work is underway to use mark-
ers such as endocrine gland-derived VEGF and its receptors
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PROKR1 and PROKR2, aquaporin, fatty acids, or IncRNA, which
are long, non-coding RNA molecules that negatively regulate
gene expression. The above biomarkers seem to offer prom-
ising prospects in the context of PE [72-75].

It is hoped that conducting more new research will allow us to

adopt certain assumptions and standards for better predict-
ing, diagnosing, and monitoring PE.

Conclusions

The identification and treatment of patients at increased risk
of PE is a rapidly changing field. Better prediction of PE and its
associated adverse outcomes is still needed. Recently, many
studies have been conducted on the introduction of angiogen-
ic biomarkers into everyday clinical practice to better identi-
fy pregnant women at risk of PE and its effects and to enable
faster and more reliable exclusion of the disease, despite the
presence of clinical indications. Many centers have begun to
use recently introduced criteria to define PE. The use of bio-
markers is increasing and has the potential to improve care
and reduce maternal and fetal morbidity and mortality.

Based on numerous studies, it can be safely concluded that
the sFlt-1/PIGF ratio plays an important role in predicting the
occurrence of PE in pregnant women. The sFlt-1/PIGF ratio
showed better diagnostic performance than did single bio-
markers. Literature analysis showed that the occurrence of PE
significantly increased the level of sFlt-1 and significantly in-
creased the level of the sFIt1/PIGF ratio. An sFlt-1/PIGF ratio
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<38 has a high negative predictive value for excluding PE with-
in 4 weeks of assessment, between 24 and 37 weeks of ges-
tation. In turn, high sFlt-1/PIGF ratio values allow for the pre-
diction of symptoms and possibly adverse effects of PE with
high certainty.

References:

—

. Hackeler M, Schmidt L, Verlohren S. New advances in prediction and sur-
veillance of preeclampsia: Role of machine learning approaches and re-
mote monitoring. Arch Gynecol Obstet. 2023;308(6):1663-77

. Rana S, Burke SD, Karumanchi SA. Imbalances in circulating angiogenic
factors in the pathophysiology of preeclampsia and related disorders. Am
J Obstet Gynecol. 2022;226(25):51019-534

. Magee LA, Nicolaides KH, von Dadelszen P. Preeclampsia. N Engl J Med.
2022;386(19):1817-32

. Cantwell R, Clutton-Brock T, Cooper G, et al. Saving mothers’ lives: Reviewing
maternal deaths to make motherhood safer: 2006-2008. The Eighth Report
of the Confidential Enquiries into Maternal Deaths in the United Kingdom.
BJOG. 2011;118(Suppl. 1):1-203 [Erratum in: BJOG. 2015;122(5):e1]

. Gyselaers W. Preeclampsia is a syndrome with a cascade of pathophysio-
logic events. J Clin Med. 2020;9(7):2245

. Zhang J, Klebanoff MA, Roberts JM. Prediction of adverse outcomes
by common definitions of hypertension in pregnancy. Obstet Gynecol.
2001;97(2):261-67

. ACOG Practice Bulletin No. 202: Gestational hypertension and preeclamp-
sia. Obstet Gynecol. 2019;133(1):1

. ACOG Practice Bulletin, Number 222: Gestational hypertension and pre-
eclampsia. Obstet Gynecol. 2020;135(6):e237-e60

. Brown MA, Magee LA, Kenny LG, et al; International Society for the Study
of Hypertension in Pregnancy (ISSHP). Hypertensive disorders of pregnan-
cy: ISSHP classification, diagnosis, and management recommendations for
international practice. Hypertension. 2018;72(1):24-43

N

w

IS

S,

o

~

o

Nl

10. Magee LA, Pels A, Helewa M, et al; Canadian Hypertensive Disorders of
Pregnancy Working Group. Diagnosis, evaluation, and management of the
hypertensive disorders of pregnancy: executive summary. J Obstet Gynaecol
Can. 2014;36(5):416-41

11. Turbeville HR, Sasser JM. Preeclampsia beyond pregnancy: Long-
term consequences for mother and child. Am J Physiol Renal Physiol.
2020;318(6):F1315-F26

12. Phipps E, Prasanna D, Brima W, Jim B. Preeclampsia: Updates in pathogen-
esis, definitions, and guidelines. Clin J Am Soc Nephrol. 2016;11(6):1102-13

13. Karrar SA, Hong PL. Preeclampsia. 2023 Feb 13. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2024

14. Burton GJ, Redman CW, Roberts JM, Moffett A. Pre-eclampsia: patho-
physiology and clinical implications. BMJ. 2019;366:12381

15. Rybak-Krzyszkowska M, Staniczek J, Kondracka A, et al. From biomarkers
to the molecular mechanism of preeclampsia — a comprehensive literature
review. Int J Mol Sci. 2023;24(17):13252

16. Pijnenborg R. The placental bed. Hypertens Pregnancy. 1996;15(1):7-23

17. Pijnenborg R. Trophoblast invasion and placentation in the human:
Morphological aspects. In: Trophoblast invasion and endometrial receptiv-
ity. Springer US; 1990;33-47

18. Strickland S, Richards WG. Invasion of the trophoblasts. Cell.
1992;71(3):355-57

19. Khong TY, Sawyer IH, Heryet AR. An immunohistologic study of endotheli-
alization of uteroplacental vessels in human pregnancy - evidence that en-
dothelium is focally disrupted by trophoblast in preeclampsia. Am J Obstet
Gynecol. 1992;167(3):751-56

20. Lam G, Lim KH, Karumanchi SA. Circulating angiogenic factors in the patho-
genesis and prediction of preeclampsia. Hypertension. 2005;46(5):1077-85

21. Wang W, Lin R, Yang L, et al. Meta-analysis of cardiovascular risk factors in
offspring of preeclampsia pregnancies. Diagnostics. 2023;13(4):812

22. Anto EO, Boadu WIO, Ansah E, et al. Prevalence of preeclampsia and algo-
rithm of adverse foeto-maternal risk factors among pregnant women in the
Central Region of Ghana: A multicentre prospective cross-sectional study.
PLoS One. 2023;18(6):€0288079

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Tomkiewicz J. and Darmochwat-Kolarz D.A.
Role of biomarkers in preeclampsia
© Med Sci Monit, 2024; 30: e944104

Declaration of Figures’ Authenticity

All figures submitted have been created by the authors, who
confirm that the images are original with no duplication and
have not been previously published in whole or in part.

23. Sande AK, Dalen I, Torkildsen EA, et al. Pregestational maternal risk fac-
tors for preterm and term preeclampsia: A population-based cohort study.
Acta Obstet Gynecol Scand. 2023;102(11):1549-57

24. Tyrmi JS, Kaartokallio T, Lokki Al, et al. Genetic risk factors associated with
preeclampsia and hypertensive disorders of pregnancy. JAMA Cardiol.
2023;8(7):674

25. Verlohren S, Brennecke SP, Galindo A, et al. Clinical interpretation and im-
plementation of the sFlt-1/PIGF ratio in the prediction, diagnosis and man-
agement of preeclampsia. Pregnancy Hypertens. 2022;27:42-50

26. Zeisler H, Llurba E, Chantraine F, et al. Predictive value of the sFlt-1: PIGF ra-
tio in women with suspected preeclampsia. N Engl ) Med. 2016;374(1):13-22

27. Rana S, Schnettler WT, Powe C, et al. Clinical characterization and outcomes
of preeclampsia with normal angiogenic profile. Hypertens Pregnancy.
2013;32(2):189-201

28. Creswell L, O’Gorman N, Palmer KR, et al. Perspectives on the use of pla-
cental growth factor (PIGF) in the prediction and diagnosis of pre-eclamp-
sia: Recent insights and future steps. Int ) Womens Health. 2023;15:255-71

29. Tsiakkas A, Duvdevani N, Wright A, et al. Serum placental growth factor in
the three trimesters of pregnancy: Effects of maternal characteristics and
medical history. Ultrasound Obstet Gynecol. 2015;45(5):591-98

30. Chau K, Hennessy A, Makris A. Placental growth factor and pre-eclampsia.
J Hum Hypertens. 2017;31(12):782-86

31. Rana S, Lemoine E, Granger JP, Karumanchi SA. Preeclampsia: Pathophysiology,
challenges, and perspectives. Circ Res. 2019;124(7):1094-12 [Erratum in:
Circ Res. 2020;126(1):e8]

32. Karpova NS, Dmitrenko OP, Budykina TS. Literature review: The sFlt1/PIGF
ratio and pregestational maternal comorbidities: New risk factors to pre-
dict pre-eclampsia. Int J Mol Sci. 2023;24(7):6744

33. Roberts JM, Rajakumar A. Preeclampsia and soluble fms-like tyrosine ki-
nase 1.] Clin Endocrinol Metab. 2009;94(7):2252-54

34. Maynard SE, Min JY, Merchan J, et al. Excess placental soluble fms-like ty-
rosine kinase 1 (sFlt1) may contribute to endothelial dysfunction, hyper-
tension, and proteinuria in preeclampsia. J Clin Invest. 2003;111(5):649-58

35. Levine RJ, Maynard SE, Qian C, et al. Circulating angiogenic factors and the
risk of preeclampsia. N Engl ) Med. 2004;350(7):672-83

36. Verlohren S, Herraiz |, Lapaire O, et al. The sFlt-1/PIGF ratio in different
types of hypertensive pregnancy disorders and its prognostic potential in
preeclamptic patients. Am J Obstet Gynecol. 2012;206(1):58.e1-8

37. Verlohren S, Herraiz I, Lapaire O, et al. New gestational phase-specific cut-
off values for the use of the soluble fms-like tyrosine kinase-1/placental
growth factor ratio as a diagnostic test for preeclampsia. Hypertension.
2014;63(2):346-52

38. Stepan H, Galindo A, Hund M, et al. Clinical utility of sFlt 1 and PIGF in
screening, prediction, diagnosis and monitoring of pre-eclampsia and fe-
tal growth restriction. Ultrasound Obstet Gynecol. 2023;61(2):168-80

39. Andersen LLT, Helt A, Sperling L, Overgaard M. Decision threshold for kryptor
sFlt-1/PIGF ratio in women with suspected preeclampsia: Retrospective
study in a routine clinical setting. J} Am Heart Assoc. 2021;10(17):e021376

40. Alvarez-Fernandez |, Prieto B, Rodriguez V, et al. New biomarkers
in diagnosis of early onset preeclampsia and imminent delivery prognosis.
Clin Chem Lab Med. 2014;52(8):1159-68

41. Zeisler H, Llurba E, Chantraine F, et al. Soluble fms-Like tyrosine kinase-
1-to-placental growth factor ratio and time to delivery in women with sus-
pected preeclampsia. Obstet Gynecol. 2016;128(2):261-69

42. Soundararajan R, Suresh SC, Mueller A, et al. Real life outpatient biomark-
er use in management of hypertensive pregnancies in third trimester in a
low resource SeTting: ROBUST study. Pregnancy Hypertens. 2021;23:97-103

43. Zeisler H, Llurba E, Chantraine FJ, et al. Soluble fms-like tyrosine kinase-1 to
placental growth factor ratio: Ruling out pre-eclampsia for up to 4 weeks
and value of retesting. Ultrasound Obstet Gynecol. 2019;53(3):367-75

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]



Tomkiewicz J. and Darmochwat-Kolarz D.A.
Role of biomarkers in preeclampsia
© Med Sci Monit, 2024; 30: €944104

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Peguero A, Fernandez-Blanco L, Mazarico E, et al. Added prognostic value
of longitudinal changes of angiogenic factors in early-onset severe pre-ec-
lampsia: A prospective cohort study. BJOG. 2021;128(2):158-65

Droge LA, Perschel FH, Stiitz N, et al. Prediction of preeclampsia-related
adverse outcomes with the sFlt-1 (soluble fms-like tyrosine kinase 1)/PIGF
(placental growth factor)-ratio in the clinical routine: A real-world study.
Hypertension. 2021;77(2):461-71

Jeon HR, Jeong DH, Lee JY, et al. sFlt-1/PIGF ratio as a predictive and prog-
nostic marker for preeclampsia. J Obstet Gynaecol Res. 2021;47(7):2318-23

Satorres E, Martinez-Varea A, Diago-Almela V. sFit-1/PIGF ratio as a pre-
dictor of pregnancy outcomes in twin pregnancies: A systematic review. J
Matern Fetal Neonatal Med. 2023;36(2):2230514

De La Calle M, Delgado JL, Verlohren S, et al. Gestational age-specific ref-
erence ranges for the sFlt-1/PIGF immunoassay ratio in twin pregnancies.
Fetal Diagn Ther. 2021;48(4):288-96

Zeisler H, Llurba E, Chantraine F, et al. Predictive value of the sFlt-1: PIGF ra-
tio in women with suspected preeclampsia. N Engl ) Med. 2016;374(1):13-22

Gathiram P, Moodley J. Pre-eclampsia: Its pathogenesis and pathophysiol-
gy. Cardiovasc J Afr. 2016;27(2):71-78

Luewan S, Teja-Intr M, Sirichotiyakul S, Tongsong T. Low maternal serum
pregnancy-associated plasma protein-A as a risk factor of preeclampsia.
Singapore Med J. 2018;59(1):55-59

Fruscalzo A, Cividino A, Rossetti E, et al. First trimester PAPP-A serum lev-
els and long-term metabolic outcome of mothers and their offspring. Sci
Rep. 2020;10(1):5131

WuY, Liu Y, Ding Y. Predictive performance of placental protein 13 for screen-

ing preeclampsia in the first trimester: A systematic review and meta-anal-
ysis. Front Med (Lausanne). 2021;8:756383

Gadde R, Cd D, Sheela SR. Placental protein 13: An important biological
protein in preeclampsia. J Circ Biomark. 2018;7:1849454418786159

Vasilache IA, Carauleanu A, Socolov D, et al. Predictive performance of first
trimester serum galectin-13/PP-13 in preeclampsia screening: A systemat-
ic review and meta-analysis. Exp Ther Med. 2022;23(6):370

Andres F, Wong GP, Walker SP, et al. A disintegrin and metalloproteinase
12 (ADAM12) is reduced at 36 weeks’ gestation in pregnancies destined
to deliver small for gestational age infants. Placenta. 2022;117:1-4

Goetzinger KR, Zhong Y, Cahill AG, et al. Efficiency of first-trimester uter-
ine artery Doppler, a-disintegrin and metalloprotease 12, pregnancy-asso-
ciated plasma protein A, and maternal characteristics in the prediction of
preeclampsia. J Ultrasound Med. 2013;32(9):1593-600

Choudhury KM, Das M, Ghosh S, et al. Value of serum B-hCG in pathogen-
esis of pre-eclampsia. J Clin Gynecol Obstet. 2012;4-5:71-75

Asvold BO, Vatten LJ, Tanbo TG, Eskild A. Concentrations of human chori-
onic gonadotrophin in very early pregnancy and subsequent pre-eclamp-
sia: A cohort study. Hum Reprod. 2014;29(6):1153-60

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7

—

7

N

74.

7

[

REVIEW ARTICLES

Farzaneh F, Sharifi M, Nourinasab N, Younesi S. Value of a-fetoprotein, -
HCG, inhibin A, and UE3 at second trimester for early screening of pre-
eclampsia. Asian Pac ) Reprod. 2019;8(1):30

Yue CY, Zhang CY, Ni YH, Ying CM. Are serum levels of inhibin A in sec-
ond trimester predictors of adverse pregnancy outcome? PLoS One.
2020;15(5):0232634

Neuman RI, Alblas van der Meer MM, Nieboer D, et al. PAPP-A2 and inhib-
in A as novel predictors for pregnancy complications in women with sus-
pected or confirmed preeclampsia. ] Am Heart Assoc. 2020;9(19):e018219

Margioula-Siarkou G, Margioula-Siarkou C, Petousis S, et al. Soluble en-
doglin concentration in maternal blood as a diagnostic biomarker of pre-
eclampsia: A systematic review and meta-analysis. Eur J Obstet Gynecol
Reprod Biol. 2021;258:366-81

Muhammed LT, Ali EA, Hameed H. Role of soluble endoglin in the diagnosis
of preeclampsia severity in Iragi women. Syst Rev Pharm. 2021;12:301-5

Perucci LO, Gomes KB, Freitas LG, et al. Soluble endoglin, transforming growth
factor-Beta 1 and soluble tumor necrosis factor alpha receptors in differ-
ent clinical manifestations of preeclampsia. PLoS One. 2014;9(5):€97632

Duda DG, Fukumura D, Jain RK. Role of eNOS in neovascularization: NO for
endothelial progenitor cells. Trends Mol Med. 2004;10(4):143-45

Sugulle M, Dechend R, Herse F, et al. Circulating and placental growth-dif-
ferentiation factor 15 in preeclampsia and in pregnancy complicated by
diabetes mellitus. Hypertension. 2009;54(1):106-12

Cruickshank T, MacDonald TM, Walker SP, et al. Circulating growth differ-
entiation factor 15 is increased preceding preeclampsia diagnosis: impli-
cations as a disease biomarker. ) Am Heart Assoc. 2021;10(16):e020302
ClinicalTrials.gov Identifier: NCT04794855 Available online: https://clinical-
trials.gov/study/NCT047948552cond=preeclampsia&page=1&rank=3 (ac-
cessed on 20 February 2021)

ClinicalTrials.gov Identifier: NCT03289611 Available online: https://clinical-

trials.gov/study/NCT03289611?cond=preeclampsia&page=2&rank=17 (ac-
cessed on 26 August 2018)

. ClinicalTrials.gov Identifier: NCT03903393 Available online: https://clinical-

trials.gov/study/NCT03903393?cond=preeclampsia&page=5&rank=44 (ac-
cessed on 17 December 2019)

. ClinicalTrials.gov Identifier: NCT04846686 Available online: https://clinical-

trials.gov/study/NCT04846686?cond=preeclampsia&page=2&rank=19 (ac-
cessed on 13 April 2021)

. ClinicalTrials.gov Identifier: NCT05131282 Available online: https://clinical-

trials.gov/study/NCT05131282?cond=preeclampsia&page=2&rank=20 (ac-
cessed on 29 October 2021)
ClinicalTrials.gov Identifier: NCT03567551 Available online: https://clinical-

trials.gov/study/NCT035675512cond=preeclampsia&page=3&rank=23 (ac-
cessed on 21 May 2018)

. ClinicalTrials.gov Identifier: NCT03903393 Available online: https://clinical-

trials.gov/study/NCT03903393?cond=preeclampsia&page=5&rank=44 (ac-
cessed on 03 April 2019)

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]

APPROVED GALLEY PROOF

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



