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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 (PlGF). A low value of the sFlt-1/PlGF 
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, b-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/PlGF ratio, in the prognosis and management of preeclampsia.

 Keywords: Preeclampsia Eclampsia 2 • PGF Protein, Human • Biomarkers • FLT1 Protein, Human • Eclampsia

 Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/944104

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

1 Department of Obstetrics and Gynecology, Provincial Clinical Hospital No. 2 
in Rzeszów, Rzeszów, Poland

2 Department of Obstetrics and Gynecology, Medical College, University of 
Rzeszów, Rzeszów, Poland

e-ISSN 1643-3750
© Med Sci Monit, 2024; 30: e944104

DOI: 10.12659/MSM.944104

Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be 
made by its manufacturer, is not guaranteed or endorsed by the publisher

1
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

REVIEW ARTICLES

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

A
P
P
R

O
V

E
D

 G
A

L
L
E
Y
 P

R
O

O
F

https://orcid.org/0000-0002-1443-1229
https://orcid.org/0000-0002-1590-442X


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 500 000 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 ³140 mmHg 
and/or diastolic blood pressure ³90 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 

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/PlGF) 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 20th 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 

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.
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Figure 1.  Comparison of changes occurring in pregnancy without preeclampsia and in pregnancy with preeclampsia.
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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/PlGF 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/PlGF 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/PlGF ratio has greater diagnostic signifi-
cance than the use of each biomarker separately [26]. However, 
each component of the coefficient used should be mentioned.

PlGF 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]. PlGF has a strong correlation with the 
partial pressure of oxygen; therefore, its level is reduced in 
placental hypoxia. This explains why PlGF levels are depleted 
in women with PE [16].

Stage 1:
Incorrect implantation

of the placenta

Stage 2:
Disturbed angiogenic balance and

abnormal endothelial function

Systemic endothelial dysfunction

Emergence of risk factors
Imbalance of angiogenic factors:

Elevated sFtl-1 and 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

Activation of the maternal coagulation system

1. Hypertension
2. Glomerular endotheliosis leading to

proteinuria
3. Multiple organ failure

Impaired trophoblast invasion and
insu�cient spiral artery remodeling

Extensive oxidative stress and
abnormal placental perfusion

Abnormal development and
defective morphology of placenta

villi

Figure 2.  Stages of preeclampsia pathogenesis 
[14].
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sFlt-1 is an anti-angiogenic protein that binds to and inhibits 
proteins, such as PlGF 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 

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].

Group of factors Factor

Demographic and family factors Maternal age 40 years or older

Preeclampsia (PE) in the family (mother or sister)

Early occurrence of cardiovascular diseases in the family

Medical history PE in previous pregnancies

Antiphospholipid syndrome

Hypertension before pregnancy

Kidney disease before pregnancy or proteinuria at the first visit

Diabetes before pregnancy

Low maternal birth weight or premature birth

Congenital thrombophilias

Elevated triglyceride values

Using cocaine and methamphetamines

History of pregnancy loss before 10 weeks

Current pregnancy – 1st trimester Multiple pregnancy

New partner

Use of assisted reproductive techniques

Long interval between pregnancies (more than 10 years)

Systolic blood pressure of 130 mmHg or higher and diastolic blood pressure of 80 mmHg 
or higher at the first visit

Bleeding from the genital tract in early pregnancy

Pregnancy trophoblastic disease

Abnormal biomarker values

Current pregnancy – 2nd and 3rd 
trimester

Increased blood pressure

Abnormal values of alpha fetoprotein, chorionic gonadotropin, inhibin-A, estrogens

Excessive weight gain during pregnancy

Infections complicating pregnancy

Intrauterine fetal growth restriction

Abnormal Doppler result of uterine arteries

Abnormal biomarker values

Table 1. Summary of preeclampsia risk factors [20-25].
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Attention was first paid to the sFlt-1/PlGF ratio in 2003 and 
2004. It was then shown that women with PE had an increased 
sFlt-1 value and a decreased PlGF 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/PlGF 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/PlGF 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/PlGF 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/PlGF ratio demonstrated better 
diagnostic performance than did single biomarkers [26,37,40]. 
One study extends the recommendations by prospectively vali-
dating the sFlt-1/PlGF 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/PlGF 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/PlGF 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/PlGF 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/PlGF ratio were more 
likely to experience PE with severe symptoms, higher rates of 
maternal complications, and preterm birth, whereas women 

with a low sFlt-1/PlGF 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/PlGF 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/PlGF 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/PlGF 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/PlGF 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/PlGF 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/PlGF 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 

6
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 Darmochwał-Kolarz D.A. 
Role of biomarkers in preeclampsia

© Med Sci Monit, 2024; 30: e944104
REVIEW ARTICLES

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

A
P
P
R

O
V

E
D

 G
A

L
L
E
Y
 P

R
O

O
F



to be closely monitored. The vast majority of these patients 
develop symptoms of the disease or need to be continuously 
monitored. The sFlt-1/PlGF 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/PlGF 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/PlGF 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 

developed PE. After analyzing the results of the sFlt-1/PlGF 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/PlGF 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].

sFlt-1/PIGF
≥85

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
complications within 4 weeks

Follow up in 1 week

This group includes women with suspected PE who are fairly certain that PE and its complications
will not occur within 4 weeks

Follow up in 4 weeks

sFlt-1/PIGF
38-84

sFlt-1/PIGF
<38

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].
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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 
<10th 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% CI) and a sensitiv-
ity of 0.53 (95% CI). 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 b-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 

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, PlGF, 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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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/PlGF 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 

PROKR1 and PROKR2, aquaporin, fatty acids, or lncRNA, 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/PlGF ratio plays an important role in predicting the 
occurrence of PE in pregnant women. The sFlt-1/PlGF 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 sFlt1/PlGF ratio. An sFlt-1/PlGF ratio 

Biomarker A change from a healthy pregnancy

Soluble FMS-like tyrosinokinase-1 (sFlt-1) Very elevated values in women with suspected preeclampsia (PE)

Placental growth factor (PlGF) Decreased values in women with suspected PE

sFtl-1/PlGF ratio A score higher than 85 may be a predictive marker for early onset of PE, and 
a score lower than 38 is highly likely to exclude PE

Pregnancy-associated plasma protein A (PAPP-A) A decreased value indicates an increased risk of PE

Placental protein 13 (PP-13) A value lower than the norm during certain periods of pregnancy most likely 
indicates PE

Disintegrin and metalloprotease 12 (ADAM-12) Low diagnostic significance

b-human chorionic gonadotropin (b-hCG) A reduced value may indicate the probability of PE, but its detection rate is 
too low

Inhibin-A A high level of Inhibin-A can indicate the likelihood of developing PE, but the 
sensitivity is too low

Soluble endoglin (sEng) An increased value can indicate PE; the value strongly correlates with the 
severity of the disease

Table 2. Biomarkers used in preeclampsia prediction [14,31,50-64].
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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/PlGF ratio values allow for the pre-
diction of symptoms and possibly adverse effects of PE with 
high certainty.
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