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ABSTRACT

Preeclampsia is a hypertensive condition that affects both the fetus and the mother during pregnancy. It affects 3.8% of the
pregnant women worldwide. Raised mean arterial blood pressure, increased blood levels of Placental Growth Factor (PIGF)
and Doppler ultrasonography aid in the early diagnosis of preeclampsia.

This review focuses on the use of various biomarkers in the prediction and diagnosis of preeclampsia. The main biomarkers
include Placental Growth Factor (PIGF), Pregnancy-associated Plasma Protein 1 (PAPP-A) and soluble Fms-Like Tyrosine
Kinase-1 (sFIt1).

PIGF has been shown to serve as a marker of abnormal placentation, with lower levels observed in the first trimester. Studies
have found that angiogenic biomarkers, including PIGF, can predict the risk of developing preeclampsia at 20 weeks of
gestation. Studies have also found that sFlt-1 (soluble fms-like tyrosine kinase-1) can be used to predict preeclampsia.
Pregnancy-associated plasma protein A (PAPP-A) helps to identify primigravid women at high risk for preterm preeclampsia.
It is also valuable in assessing their likelihood of developing other major obstetrical syndromes. Reduced PAPP-A levels
during the first trimester have been found to positively correlate with pregnancy - associated complications.

In conclusion, these biomarkers have shown a promising role in predicting and diagnosing preeclampsia, thus providing
valuable insights into the disease progression and potential complications.
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1. INTRODUCTION

Preeclampsia (PE) is a hypertensive condition that affects the health of the fetus and the mother during pregnancy. It is
described as newly developed hypertension that appears after 20 weeks of pregnancy and is linked to the mother's organ
failure or proteinuria (1). Preeclampsia impacts 3.8% of pregnant women worldwide, and it causes more than 70,000 maternal
and 500,000 fetal deaths annually (2) (3). Pregnancy-related hypertensive disorders contribute to 7-8% of maternal deaths
both in India and globally (4).

Although preventive measures can slightly reduce the risk of preeclampsia, the condition remains prevalent. Moreover, the
exciting biomarkers for predicting PE are not highly effective. Preeclampsia is one of the major causes of maternal morbidity
and is linked to various adverse fetal outcomes, such as intrauterine growth restriction, premature delivery, placental
abruption, fetal distress, and fetal death in utero. Mounting evidence suggests that preeclampsia has been linked to long-term
negative consequences on the progeny, in addition to the hazards to the fetus during pregnancy; preeclampsia has been
specifically linked to cardiovascular complications in offspring, leading to hypertension and impaired vascular function (1).
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Earlier prediction and diagnosis of preeclampsia is of utmost importance to prevent the occurrence of deleterious
consequences. Preeclampsia can be categorized as early-onset (first clinical manifestation before 34 gestational weeks) or
late-onset (disease develops at or after 34 weeks of gestation) based on the clinical onset of symptoms (5). Biomarkers for
preeclampsia could improve treatment and prevention measures in susceptible pregnant women by acting as predictive
indicators and possible therapeutic targets. Preeclampsia, classified under ICD-10 code O14, is a pregnhancy-related disorder
characterized by high blood pressure and proteinuria, sometimes accompanied by pathological swelling. It poses significant
risks, including placental dysfunction, premature separation of the placenta, and even intrauterine fetal demise. Given its
severity, medical professionals prioritize early detection, risk assessment, and tailored interventions to safeguard maternal
and fetal health (6).

Several biomarkers for early diagnosis and screening of pre eclampsia have been investigated. These markers include those
for inflammation, oxidative stress, endothelial damage, endocrine functions, lipid metabolism, fetal distress, angiogenic and
antiangiogenic variables (7). Doppler ultrasonography, mean arterial blood pressure, and placental growth factor (PIGF)
levels in blood have been developed as more reliable screening for the early (first trimester) identification of pre-eclampsia;
however, because of associated costs, they have not been integrated into routine clinical practice (3). The National Institute
for Health and Clinical Excellence (NICE) Guidelines recommend ruling out a diagnosis of pre-eclampsia when the condition
is suspected by combining PIGF and sFlt-1 during the third trimester (but before 37 gestational weeks) (8).The most recent
definition of PE now includes organ dysfunction in addition to the traditional trio of symptoms—hypertension, proteinuria,
and edema. The American College of Obstetricians and Gynecologists (ACOG) was the first to declare that PE may be
diagnosed even in the absence of proteinuria and to relativize the significance of proteinuria (9).

The ACOG definition still does not highlight all symptoms that can be a consequence of PE. ACOG does not take intrauterine
fetal growth restriction or the effects of an inefficient placenta into account. The International Society for the Study of
Hypertension in Pregnancy (ISSHP) revised the definition of PE in 2018. This definition states that PE is defined as a recent
development of hypertension during pregnancy accompanied by symptoms related to peripheral organs, such as
thrombocytopenia, hemolysis, liver failure, fetal growth limitation, maternal endothelial dysfunction and chronic immune
activation (3,10).

In this review, we have assessed the current research landscape and its potential implications for diagnosing preeclampsia
(PE). We will examine the benefits, drawbacks, and gaps in the literature to clarify the clinical significance of the several PE
biomarkers. The aim of this review is to determine which blood biomarker is most relevant for early detection and diagnosis
of PE.

Pathogenesis of PE

Appropriate blood flow via the placenta is crucial for a normal and healthy pregnancy. The invasion of placental trophoblasts
rebuilds the uterine spiral arteries in pregnant women by widening them and decreasing their resistance.

There is inadequate placental perfusion in PE leading to incomplete remodeling of the arteries. These alterations make the
placental cells secrete various biochemical components, which lead to endothelial dysfunction, oxidative stress, activation
of coagulation pathways, and also alter the mother's immunological response. These changes result in hypertension,
proteinuria, and internal organ dysfunction (11, 12).

The process of extravillous cytotrophoblast invasion occurs between 13 and 18 weeks of pregnancy, resulting in the loss of
endothelium and muscle-elastic fibers of the uterus. These changes increase the size of the uterus and enhance the sensitivity
of the uterus to various vasoactive drugs.

This process improves blood flow through the uterus and creates a low-pressure, high-flow uteroplacental circulatory system
(13-15). In preeclampsia-complicated pregnancies, cytotrophoblast invasion is limited to the intradermal part, resulting in
narrower spiral arteries and reduced uteroplacental blood flow. This process is completed between weeks 18 and 22 of
pregnancy (16, 17).

Diagnosis of PE

The diagnosis is usually done after 20 weeks of pregnancy by measuring the new onset of persistently high blood pressure
(more than 140 mmHg systolic blood pressure or greater than 90 mmHg diastolic blood pressure). Symptoms such as
headache due to insensitivity to analgesics, abnormal laboratory test results, onset of proteinuria, signs of internal organ
failure, pulmonary edema, and renal dysfunction are indicative of preeclampsia (18).

PE's complications

Untreated preeclampsia can lead to adverse complications such as severe hypertension, HELLP syndrome (Hemolysis,
Elevated Liver enzymes, and Low Platelets eclampsia), pulmonary edema, myocardial infarction, stroke, acute respiratory
distress syndrome, retinal impairment, and renal failure. A normally functioning placenta may detach from the fetus too soon,
or fetal growth may be restricted within the womb due to the above-mentioned complications affecting the developing
embryo. In severe cases, these conditions can pose life-threatening risks to both the mother and the fetus (18).
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Figure 1 shows the adverse effects of preeclampsia.
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Figurel. Effects of preeclampsia on the fetus and mother

2. METHODS
Search method and data sources:

Based on pathophysiological observations that have been noted in cases of preeclampsia, such as placental dysfunction,
generalized inflammatory response, endothelial dysfunction, and activation of the coagulation system, various biophysical
and biochemical markers have been studied for many years.

Electronic databases such as PubMed, Medline, and Elsevier were used for the literature search regarding the role of
biological markers in predicting preeclampsia from January 2014 to March 2024.

Biomarkers

With advancements in understanding the pathophysiology of preeclampsia, various tests have been designed to assess
maternal levels of biochemical markers. These assays may also contribute to improving diagnostic accuracy and clinical
outcomes.

This review explains the role of Placental Growth Factor (PIGF), Pregnancy-associated plasma protein 1 (PAPP-A) and
soluble Fms-Like Tyrosine Kinase-1 (sFlt1) as biomarkers in predicting Preeclampsia.

Placental growth factor (PIGF):

A member of the vascular endothelial growth factor (VEGF) family, placental growth factor is primarily expressed in the
placenta; however, it is also found in many other tissues, such as the heart, lung, thyroid gland, liver, skeletal muscle and
bone at lower levels. Four isoforms of PIGF are encoded by the human PIGF gene, which is found on chromosome 14q14.
The protein is secreted as a glycosylated homodimer, with PIGF-2 and PIGF-4 containing heparin-binding domains, while
PIGF-1 and PIGF-3 function as diffusible isoforms. Among them, PIGF-1 and PIGF-2 are most abundant, and their secretion
during pregnancy indicates a shared regulatory mechanism. During pregnancy, markedly increased levels of circulating PIGF
are secreted by the placenta and PIGF contributes to the growth and maturation of the placental vascular system (19, 20).
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Serum levels of PIGF increase at the end of the first trimester, peak at 30™ week, and decrease in the third trimester. In an
uncomplicated pregnancy, PIGF concentrations are low during the first trimester, rise from 11 to 12 weeks, reach high levels
at 30™ week and decline after that. The lower limit of the normal level (the 5th centile) ranges from a peak of around 141
pg/ml at about 30" weeks gestation to 23 pg/ml at term. Normal PIGF concentrations depend on gestational age (21).

Lower levels of serum and urine PIGF were observed in women at the time of diagnosis of preeclampsia and well before the
onset of the illness. Declined PIGF level is likely due to reduced PIGF expression and a decrease in free PIGF, which causes
elevated levels of SFLT-1 observed in affected women. (22). Both the anomalous early events in placentation and the ongoing
abnormal growth in the second part of pregnancy are most likely caused by low circulating PIGF levels. Low PIGF levels in
early pregnancy could be the reason for the underweight babies born to women without pre-eclampsia which highlights that
decreased PIGF concentration is a sign of aberrant placentation (23). PIGF levels were significantly decreased in
preeclampsia compared to normal pregnant women (20, 24, 25, and 26).

Pregnancy-associated plasma protein 1 (PAPP-A)

PAPP-A, also known as papalysin-1, is a 200 KDa, 1547 amino acid glycoprotein that is produced by placental trophoblasts
and released into the mother's circulation (27). PAPP-A is important for placental and fetal growth and interacts with insulin-
like growth factors. PAPP-A is a zinc-binding proteinase that participates in the proteolytic cleavage of the insulin-like
growth factor binding protein (IGFBP). This process ultimately controls the local action of insulin-like growth factor (IGF),
an enzyme that promotes growth and is crucial for the development of the fetus and the placenta.
PAPP-A plays a crucial role in growth and development, folliculogenesis, wound healing, bone remodeling, and the elevated
level is associated with atherosclerosis & accumulation of peak bone mass during puberty. (28-30).

Decreased plasma levels of PAPP-A have been reported in all trimesters in women with preeclampsia.

Studies have shown that PAPP-A levels have high predictive value in early pregnancy in the first trimester. Several lines of
evidence report PAPP-A levels were significantly reduced in pre-eclamptic women. (31-35)

These findings suggest the usefulness of both PIGF & PAPP-A in predicting the risk of preeclampsia. Thus a combination
of antiangiogenic and angiogenic biomarkers could be the most effective method for diagnosing preeclampsia.

Soluble fms-like tyrosine kinase-1 (sFIt): It is an antiangiogenic tyrosine kinase protein that binds PIGF and vascular
endothelial growth factor (VEGF) and blocks their pro-angiogenic effects; it is mainly produced by placental tissue (36). By
binding and preventing VEGF and placental growth factor from interacting with their receptors Flt1 and FIk1, the soluble
receptor known as soluble fms-like tyrosine kinase (sFltl) functions as an antagonist of these growth factors. Additionally,
they showed that the levels of sFItl in the blood were noticeably higher during pregnancy and considerably higher during
preeclampsia. Moreover, animals that overexpressed this receptor had a condition resembling preeclampsia (37). Later, it
was discovered that sFItl1 was elevated weeks prior to clinically detectable preeclampsia, thus indicating the
pathophysiological involvement of sFItl as a predictor of preeclampsia (38).

Researchers have stated that sFIt1 level is greater in preeclampsia (26, 41, 42) and a few other studies report that sFlt had a
negative influence on preeclampsia (39, 40)

Table 1 shows the various serum biomarkers that can be used for early prediction of preeclampsia

Table 1: Serum biomarkers evaluated in the analysis for the prediction and diagnosis of preeclampsia

1. Placental growth factor (PIGF):

Publishers and MAJOR RESULTS Role in Preeclampsia Diagnosis
Year

e K. Chau et al. | PIGF may serve as a marker of | Lower levels of PIGF in the first trimester.
(2017). abnormal placentation, although it | Promising role of PIGF as a predictive marker for

remains uncertain whether it is a cause | pre-eclampsia (20).

or consequence.

NICE Diagnostics | e NICE guidelines recommend | Used to rule out preeclampsia in women

Guidance [DG23], 2016 PIGF-based testing for | presenting with symptoms who do not meet the
diagnosing suspected | diagnostic criteria. Serum levels show a decline
preeclampsia. between 28 and 30 weeks of gestation (24).
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Kumar et al. (2017).

e Used first-trimester PIGF
concentrations to predict
hypertensive disorders in a
low-risk Asian population.

PIGF concentration, combined with biochemical
markers, serves as an effective screening test for
preeclampsia (PE) during the first trimester(25).

Giingor et al. (2017)

o Explored the relationship
between adipocytokines and
angiogenesis factors,
including PIGF, in untreated
preeclampsia patients.

PIGF, P-selectin, and collagen-induced platelet
aggregation were lower in affected individuals
compared to healthy pregnant women. In
preeclampsia, decreased angiogenesis may
alleviate endothelial dysfunction, but not platelet
aggregation (26).

(2015)

e Widmer et al

A multicenter study found that
angiogenic  biomarkers, including
PIGF, measured at 20 weeks gestation
can help to predict the risk of

Both the angiogenic and anti-angiogenic
biomarkers could not predict the risk of
preeclampsia development at <20 weeks of
gestation (43).

preeclampsia.

2. Pregnancy-associated plasma protein 1 (PAPP-A)

Amélie Boutin et al.

The study found that first-trimester screening
using angiogenic biomarkers, including PIGF,
can effectively predict the risk of preterm

Low serum levels of PAPP-A is seen in
pre-eclampsia.

Pregnancy-associated plasma protein A

Artery Pulsatility Index), and PAPP-A
demonstrated detection rates of 65.0%,
72.7%, and 76.1% for preterm preeclampsia at
fixed false-positive rates of 10%, 15%, and
20%, respectively.

2021 iai i -

(2021) preeclampsia in nulliparous women. levels  correlated  with  pregnancy
complications in the first trimester (31).

J.Huetal. The triple-marker model incorporating MAP | Women screened positive for preterm PE

(2021) (Mean Arterial Pressure), UtA-PI (Uterine | had increased risk for other placenta-

associated pregnancy complications
(32).

T.J. Hanchard et al.
(2020)

The mean multiples of the median (MoM)
values for trophoblast volume, PAPP-A, and
PIGF were significantly lower in pregnancies
that later developed maternal hypertensive
disorders (MHD).

Patients who develop preeclampsia tend to
have lower levels of PAPP-A (33).

Karuna Sharma et al.
(2018)

Low PAPP-A levels may be associated with

impaired implantation, while increased
proinflammatory cytokines suggest a role for
underlying inflammation in the

pathophysiology of hypertensive disorders in
pregnancy. Combining biomarkers may
enhance the prediction of pregnancy
hypertension in the early stages of gestation.

Hypertensive women exhibited
significantly lower maternal serum PAPP-
A levels compared to normotensive
mothers (34).

Manisha Kumar et al.
(2017)

PIGF levels, combined with biochemical
markers, provided an effective first-trimester
screening test for hypertensive disorders of
pregnancy (HDP)

As a biomarker for prediction of PE, PIGF
fared better than pregnancy-associated
plasma protein A (PAPP-A) (35)

3. Soluble fms-like tyrosine kinase-1.

Chaiyasit et al. (2022)

Evaluated  prediction models and
emphasized the role of serum sFlt-1

No significant differences were found in the
maternal serum sFIt-1 levels at 11-13 weeks
(soluble fms-like tyrosine kinase-1) to | of

gestation  between women  who
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PIGF ratio in predicting preeclampsia.

subsequently developed preeclampsia and
those who did not (39).

| Herraizet al. (2018)

A contingent technique enables accurate
prediction of PE/FGR (Fetal Growth
Restriction ) by measuring the sFIt-1/PIGF
ratio at 24-28 weeks in women who were
preselected based on clinical criteria and
uterine artery Doppler imaging.

The study demonstrated that the sFlt-1/PIGF
ratio is a valuable tool for identifying
preeclampsia and fetal growth restriction,
aiding in early risk stratification and clinical
decision-making (40).

Tobinaga et al. (2014)

Investigated angiogenic  factors and
uterine Doppler velocimetry in early- and
late-onset preeclampsia.

Serum levels of soluble endoglin and fms-like
tyrosine kinase-1 are higher in preeclamptic
patients, and this elevation was directly
associated with uterine artery resistance,
particularly in those with early-onset
preeclampsia (41).

M C Honigberg et al.
(2015)

Observed the changes in maternal
angiogenic factors throughout pregnancy
to predict the development of
preeclampsia

sFlt-1 during pregnancy can be used to
identify women who are more likely to
develop preeclampsia (42).

Gilingor et al. (2017)

Explored the relationship  between
adipocytokines and angiogenesis factors,
including PIGF, in untreated preeclampsia
patients.

Endoglin, leptin, and VvWF levels were
increased in preeclampsia. Endoglin also
correlated with sflt-1 in preeclamptic patients.
In preeclampsia, decreased angiogenesis may
alleviate endothelial dysfunction, but not
platelet aggregation (26).

3. CONCLUSION

Preeclampsia is a complex condition; is a multifactorial pregnancy complication characterized by high blood pressure,
proteinuria, and potential damage to organs such as the liver and kidneys. It typically arises after 20 weeks of gestation and
is associated with placental dysfunction, which can lead to Fetal Growth Restriction (FGR) and other complications.

According to the current research, three biomarkers—PIGF, PAPP-A, and sFlt1—were found to be sensitive enough to either
detect or rule out PE, when compared a range of biomarkers used in clinical settings to diagnose the condition.
To accurately assess the predictive value of these markers and ensure their routine clinical application, it is essential to
conduct high-quality, large-scale multicenter trials. These studies should include patients with diverse risk profiles for
developing the syndrome and represent a wide range of ethnic backgrounds to enhance the generalizability and reliability of

findings.
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