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Abstract: Early recognition of high-risk pregnancies through biochemical markers may promote
antenatal surveillance, resulting in improved pregnancy outcomes. The goal of this study is to
evaluate the possibilities of using biochemical markers during the first trimester of pregnancy in the
prediction of hypertensive pregnancy disorders (HPD) and the delivery of small-for-gestational-age
(SGA) neonates. A comprehensive search was conducted on key databases, including PubMed,
Scopus, and Web of Science, for articles relating to the use of biochemical markers in the prediction of
HPD and SGA. The findings show that changes in the levels of biomarkers in the early pregnancy
phases could be an important indicator of adverse pregnancy outcomes. The literature shows that
low PAPP-A (pregnancy-associated plasma protein A) and PlGF (placental growth factor) levels, low
alkaline phosphatase (AP), higher sFlt-1 (soluble fms-like Tyrosine Kinase-1) levels, higher AFP (alfa
fetoprotein) levels, and elevated levels of inflammatory markers such as β-HGC (free beta human
chorionic gonadotropin), interferon-gamma (INF-γ), and tumor necrosis factor-α (TNF-α) may be
associated with risks including the onset of HPD, fetal growth restriction (FGR), and delivery of SGA
neonates. Comparatively, PAPP-A and PlGF appear to be the most important biochemical markers
for the prediction of SGA and HPD.

Keywords: high-risk pregnancies; biochemical markers; hypertensive disorders in pregnancy;
small-for-gestational-age; PlGF; PAPP-A; narrative review

1. Introduction

Hypertensive disorders in pregnancy (HPD) and abnormal patterns of growth of the
fetus, such as small-for-gestational-age (SGA), are among the leading causes of perinatal
and maternal morbidity and mortality in the world. These conditions often contribute
to long-term negative effects on the mother and the unborn child. Globally, gestational
hypertension affects between 5% and 8% of all women [1]. However, pregnancy-induced
hypertension may occur at a frequency of up to 16.7% in developing countries [2]. In
Poland, Lewandowska and Więckowska have reported a prevalence of up to 12.4% of
pregnancy-induced hypertension [3]. In many of these cases, it causes poor perinatal
outcomes as well as a higher risk of complications during pregnancy such as high blood
pressure, eclampsia, preeclampsia (PE), placental abruption, and stroke [4,5]. In addition,
HPD may cause neonatal and maternal deaths [4]. It has also been associated with elevated
risks of fetal asphyxia, low birth weights, preterm delivery, and stillbirth [2]. Therefore,
HPD is one of the major problems in perinatal medicine and public health.
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The occurrence of small-for-gestational-age (SGA) is frequently associated with HPD.
The classic paradigm placing the placenta in the role of the villain is based on the statement
that the abnormally progressive physiological process of vascular remodeling leads to
endothelial dysfunction and consequently to the development of hypertension during
pregnancy with all its subtypes and consequences. However, coexisting abnormal maternal
cardiovascular function before pregnancy may be a contributing factor to the development
of HPD, especially preeclampsia, putting the malperfused trophoblast in the role of vic-
tim [6–9]. One of the causes of SGA is a decrease in placental blood perfusion. During
pregnancies complicated by HPD, high resistance flow through the spiral arteries results
in impaired placental perfusion, which contributes to local ischemia and an increase in
the malnutrition rate of fetuses with varying degrees of expressed intrauterine growth
disorders [10].

Placental ischemia appears to stimulate the release of antiangiogenic factors such
as sFlt-1, soluble endoglin (sEng), and endothelin 1 (ET-1), subsequently increasing their
plasma levels relative to proangiogenic factors, namely vascular endothelial growth fac-
tor (VEGF) and PlGF. In addition, placental ischemia enhances the concentration of pro-
inflammatory cytokines such as tumor necrosis factor (TNF), interleukin-6 (IL-6), hypoxia-
inducible factor (HIF), reactive oxygen species (ROS), and agonistic autoantibodies (AT
1AA). When these bioactive factors are secreted locally near the placenta, they may target
uterine and placental matrix metalloproteinases (MMPs), further adversely affecting placen-
tal development and vascularization. This may exacerbate placental ischemia, potentially
leading to fetal growth anomalies [11].

Conversely, when these bioactive factors enter the maternal circulation, they can target
the endothelium, vascular smooth muscle (VSM), vascular MMPs, and extracellular matrix
(ECM). This can result in generalized vasoconstriction, endothelial dysfunction, and the
development of a systemic maternal response. Hypertension may affect the integrity of the
endothelium in the uterine vessels of the pregnant mother and subsequently result in fetal
growth restriction [12]. Other hypertension-related complications, such as intravascular
coagulation and histopathologic lesions (mostly massive perivillous fibrin deposition),
may also affect blood flow to the fetus and therefore affect normal growth. Furthermore,
elevated blood pressure may hamper the development of the placental villous tree [10]. This
results in a general decline in placental function and a decrease in fetal growth. Therefore,
gestational hypertension is a major risk factor for the birth of SGA neonates.

Hypertensive women are a high-risk pregnancy group who need close clinical moni-
toring. As such, early identification of the occurrence of gestational hypertension and SGA
is critical for the monitoring of this group to facilitate the initiation of preventive measures.
The traditional approach to evaluating the risk of developing gestational hypertension
in pregnant women involves the analysis of maternal demographic features and clinical
presentations to predict risk factors [13]. This screening model focuses on assessing the risk
of gestational hypertensive disorders during the first trimester of pregnancy by understand-
ing maternal characteristics such as age and body mass index (BMI), as well as available
obstetric and medical history [14]. While this approach remains in use in clinical settings, it
may not be an accurate method of predicting gestational hypertension and SGA. Luckily,
more sensitive, high-accuracy screening methods using biochemical markers have emerged
that may predict preeclampsia, a subtype of HPD in pregnancy. Such screening is necessary
for the management and prevention of risks associated with HPD. For instance, the admin-
istration of a daily dose of aspirin not later than 16 weeks until 36 weeks has been shown
to reduce the incidence of gestational hypertension and preeclampsia in pregnancies with
a high risk of developing preeclampsia based on predictive algorithms [15]. In the context
of screening for preeclampsia in the first trimester, the standard practice of administering
aspirin is influenced by the data related to arterial pressure and blood flow in both uterine
arteries, which is consistent with the findings from the ASPRE trial [16]. Modern predictive
models for PE according to the Fetal Medicine Foundation’s algorithm, including history
with risk factors, uterine artery flows, and blood pressure measurements, determine the
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risk of PE and FGR, and the inclusion of biochemical markers such as PAPP-A or PlGF in
this risk calculation further increases the sensitivity of the method. A risk ratio above 1:100,
according to the ASPRE trial, is an indication for low-dose aspirin. The recommended
dose and timing of use vary depending on the recommending scientific society; for ex-
ample, SOMANZ, ISH, and ESC recommend starting aspirin at 12 weeks but definitely
before 16 weeks, while ending aspirin use between 36 and 37 weeks of pregnancy, while
NICE, SOCG, and ACOG recommend aspirin until delivery. Additionally, the optimal
aspirin dosage is inconsistent. NICE recommends 75–150 mg/d; ISH, ISSHP, and SOCG
recommend 75–162 mg/d; ESC and PTGiP recommend 100–150 mg/d; FIGO and ISUOG
recommend 150 mg/d; ACOG and USPSTF recommend 81 mg/d [17–26], while WHO
recommends 75 mg/d. Data from a systematic review and metanalysis indicate that doses
below 100 mg/d do not improve obstetric outcomes [27], and 10–30% of patients are re-
sistant to aspirin at doses up to 81%, according to a prospective study by Caron et al. [28].
Therefore, first-trimester screening for gestational and other forms of hypertensive disor-
ders during pregnancy increases the risk of prematurity for a neonate and the higher risk
of cardiovascular complications in mothers many years after they suffer from PE.

Biochemical markers have a strong potential for use in predicting gestational hyper-
tension and, subsequently, the risk of SGA births. They provide a convenient, non-invasive
method of screening for aneuploidies, PE, and FGR [29]. During gestation, the placenta
of a pregnant woman releases various compounds and factors into maternal blood cir-
culation, like steroid and peptide hormones, which promote angiogenesis. These factors
play a critical role in regulating maternal metabolism during pregnancy. They also pro-
mote physiological adaptations for maintaining pregnancy and ensuring successful fetal
growth and development [30]. These factors that are present in maternal blood may serve
as biochemical indicators. They can also be used for the early prediction of pregnancy
disorders. This is due to the fact that the serum concentrations of gestational compounds in
maternal blood may increase or decrease in response to the onset of certain physiological
or pathological conditions. For instance, Poon and Nicolaides estimate that first-trimester
PAPP-A, PlGF, and other factors including maternal history, MAP (mean arterial pressure),
and uterine artery Pulsative Index (PI) may identify up to 95% of cases of early onset of
preeclampsia [31]. Thus, biochemical markers in the early phases of pregnancy may be
used to predict the occurrence of gestational hypertension. Most of these complications
occur during the later stages of gestation but are caused by physiological and pathological
mechanisms that occur in the first weeks of pregnancy. As a result, early recognition of
high-risk pregnancies through the detection of biochemical markers may promote antenatal
surveillance, resulting in an overall improvement in pregnancy outcomes. Hence, the
goal of this study is to evaluate the possibilities of using biochemical markers identified
during the first trimester of pregnancy in the prediction of the occurrence of gestational
hypertension and the delivery of SGA neonates.

This narrative review aims to explore and evaluate the utility of biochemical mark-
ers typically used in preeclampsia screening, assessing their potential applicability and
effectiveness in the detection of gestational hypertension and SGA neonates. Our objective
is to establish an evidence-based correlation between these markers and the incidence of
gestational hypertension, potentially offering a novel approach for early detection and
better management of this common pregnancy complication. In particular, we focus on the
most clinically adapted biochemical markers that have entered widely-used practice.

2. Materials and Methods
2.1. Study Design

A comprehensive search was conducted on key medical and health databases, includ-
ing PubMed, Scopus, and Web of Science, for articles relating to the theme of biochemical
markers in the prediction of gestational hypertension and SGA births. Several keywords
and their combinations were used to retrieve articles from these databases, including
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gestational hypertension, small-for-gestation-age, SGA, biochemical markers, biomarkers,
biological markers, and first trimester.

2.2. Selection Process

Eligible studies were those that included the quantification of biochemical markers
in the serum of pregnant participants. The outcomes of interest in this study were the
means of blood pressure of pregnant cohorts as well as the weights, lengths, and head
circumferences of neonates. Studies were excluded from the empirical review if they
included qualitative assessments. Furthermore, publications that were not in English as
well as studies involving animals were excluded from the empirical review. Using these
search criteria, a total of 15 primary studies were identified that formed the basis of this
empirical review (Figure 1).

Healthcare 2023, 11, x FOR PEER REVIEW 6 of 14 
 

 

 
Figure 1. Overview of the search process. 

NOTE: * Databases: PubMed, Scopus, and Web of Science; ** Records excluded after screening titles 
and abstracts. 

2.3. Variables and Measurement 
Gestational hypertension: Hypertension is characterized by a systolic blood pressure 

of 140 mm Hg or above and/or a diastolic pressure that is equivalent to or exceeding 90 
mm Hg [21]. Various types of HPD occur during pregnancy in which the blood pressure 
is abnormally elevated. One of these types is gestational hypertension, which refers to a 
hypertensive disorder of pregnancy that occurs after a gestation period of 20 weeks and 
in the absence of proteinuria or abnormalities of a biochemical or hematological nature 
[21]. Gestational hypertension is often not accompanied by restrictions on fetal growth. 
The condition resolves within 42 days after childbirth [32]. Pregnancy-related 

Figure 1. Overview of the search process. NOTE: * Databases: PubMed, Scopus, and Web of Science;
** Records excluded after screening titles and abstracts.



Healthcare 2023, 11, 2454 5 of 12

2.3. Variables and Measurement

Gestational hypertension: Hypertension is characterized by a systolic blood pressure
of 140 mm Hg or above and/or a diastolic pressure that is equivalent to or exceeding
90 mm Hg [21]. Various types of HPD occur during pregnancy in which the blood pressure
is abnormally elevated. One of these types is gestational hypertension, which refers to
a hypertensive disorder of pregnancy that occurs after a gestation period of 20 weeks and
in the absence of proteinuria or abnormalities of a biochemical or hematological nature [21].
Gestational hypertension is often not accompanied by restrictions on fetal growth. The
condition resolves within 42 days after childbirth [32]. Pregnancy-related hypertension may
also present in the form of preeclampsia, which is defined as the onset of hypertension after
the 20th week of gestation that is accompanied by one or more end-organ involvements,
such as renal liver dysfunction, hematologic complications, neurologic complications,
uteroplacental dysfunction, and abnormal laboratory results including liver enzymes,
platelet count, DIC, and hemolysis [17–23].

SGA refers to neonates who are small-for-their-gestational age. It describes neonates
whose length, head circumference, and weight are lower than normal standards for their
age [33]. For the purposes of this study, the SGA criterion is established under the standards
of the INTERGROWTH-21st Project [33,34]. With respect to birth length, SGA newborns
are defined as those below the third centile [34]. The INTERGROWTH-21st criteria further
identify birth weights below the 10th percentile as constituting SGA. A severe SGA may
occur if the abdominal circumference (AC) or estimated fetal weight (EFW) is below the
third percentile [35]. Lees et al. distinguish between SGA and fetal growth restriction
(FGR) [36]. They adopt the Society for Maternal–Fetal Medicine’s (SMFM) criteria of
viewing the SGA as a neonate whose abdominal circumference or estimated fetal weight is
lower than the 10th percentile of the normal range, while the FGR is a fetus that does not
attain its genetically predetermined growth capacity [36]. According to the International
Society of Ultrasound in Obstetrics and Gynecology (ISUOG), a fetus is considered to
have FGR if it has AC and EFW measurements below the 10th percentile, along with the
existence of abnormal Doppler outcomes [37].

Biochemical markers: These are factors, compounds, or molecules released during
physiological gestation into the maternal circulation whose role is to aid in the regula-
tion of maternal metabolism during pregnancy [30]. They include beta-human chorionic
gonadotropin, pregnancy-associated plasma protein A, placental growth factor, and alka-
line phosphatases.

3. Results

Honarjoo et al. examined the role of pregnancy-related biomarkers in predicting SGA
births [38]. They focused on two biomarkers, namely β-hCG and PAPP-A. A cohort of
16 participants selected randomly from health centers in Iran was examined. Screening
test data for first-trimester fetal anomalies were obtained for the cohort and analyzed.
Specifically, data on the SGA odds ratio and levels of biomarkers in the serum were
compared to determine whether the two variables had any correlation. The study findings
revealed that low PAPP-A levels were associated with a statistically significant increase in
the risk of developing SGA. However, β -hCG levels did not have a significant correlation
with SGA risk [38].

Allen and Aquilina conducted a prospective study to assess the accuracy of serum
biomarkers released in the first semester in the prediction of adverse pregnancy outcomes,
such as gestational hypertension and delivery of small-for-gestational-age neonates. They
obtained a large sample of 1045 women who attended first-trimester scans at the Royal
London Hospital. Participants’ maternal histories, such as weight, height, age, ethnicity,
past medical histories, and drug usage, were collected. Maternal blood samples were
also taken to test for biomarkers including PAPP-A, β-hCG, PlGF, and Alpha-fetoprotein
(AFP). Pregnancy outcomes such as preeclampsia, gestational hypertension, stillbirth, and
SGA were assessed for the sample for multivariate analyses to determine the correlation
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between the variables. The findings revealed that low levels of PlGF and PAPP-A were
significantly related to the risk of SGA. AFP and β-hCG biomarkers were not found to be
significantly associated with SGA or gestational hypertension. While the study showed
a potentially beneficial role for biochemical markers in predicting SGA, it was limited by
the low prevalence of outcomes, with preeclampsia and hypertension having incidences of
1.3% and 2.2%, respectively [39].

In another study, Hendrix et al. examined whether first-trimester maternal biomarkers
could improve the prediction of SGA and other adverse neonatal outcomes [40]. Their
research involved a retrospective cohort study in which singleton pregnancies of patients
attending routine check-ups at the Maastricht University Medical Centre, Maastricht, the
Netherlands, were examined. All singleton pregnancies were included for the period from
2012 to 2016, resulting in a final sample of 296 participants. They measured four biomarkers,
namely β-hCG, PAPP-A, PlGF, and sFlt-1, between 11 and 13 weeks of gestational age. In
addition, fetal growth scans were performed towards the end of the gestational period, and
the birth weight percentile was calculated for SGA determination. The serum biomarkers
were correlated with fetal growth outcomes to determine their screening abilities. The
findings revealed that a significantly higher sFlt-1 was associated with the risk of delivering
SGA neonates. The risk of SGA delivery was also found to increase for mothers whose blood
serum had higher sFlt-1/PlGF MoM ratios. Lower PAPP-A values were also associated
with the risk of SGA. The study demonstrated the role of biochemical markers in predicting
the risk of SGA. However, the study was limited by its relatively small sample size [40].

Papastefanou et al. have also used first-trimester biochemical markers to predict
small-for-gestational-age neonates [41]. They combined the biochemical markers with
maternal and biophysical factors. The study involved a large prospective investigation
with 60,875 participants. All participants were women with singleton pregnancies attending
routine examinations in the first trimester at two UK hospitals, namely the Gillingham-
based Medway Maritime Hospital and the London-based King’s College Hospital. Data
on serum biomarkers of PAPP-A and PlGF were obtained for all participants. Pregnancy
outcomes such as birth weight percentiles at delivery were obtained from hospital records.
The data was used to develop likelihood functions for predicting pregnancy outcomes
based on biochemical markers. The findings revealed that placental growth factor (PlGF)
was the best biochemical marker for the prediction of SGA. Additionally, PlGF and PAPP-
A were found to predict 48.6% of all SGA neonates with preeclampsia delivered before
the age of 32 weeks. These markers also predicted 59.1% of the risk of SGA neonates
with preeclampsia at 32 weeks of gestation. In the case of SGA without preeclampsia,
biochemical markers predicted 44.4% and 51.2% of SGA neonates for deliveries at 37 weeks
and 32 weeks, respectively. The study had the strength of having one of the largest sample
sizes [41].

PAPP-A tests have also been widely used in predicting FGR and SGA. Multiple studies
have shown that low PAPP-A levels are associated with adverse outcomes in pregnancy. For
instance, Boutin et al. examined the correlation between PAPP-A levels and the incidence of
adverse perinatal outcomes. They obtained a sample of nulliparous women from a low-risk
population comprised of singleton pregnancies. A large sample of 4739 participants was
recruited and examined at a university hospital in Quebec, Canada. Serum samples from
participants were obtained at 11–13 weeks and measured for PAPP-A levels in multiples
of the median (MoM). Follow-up was made for all participants for pregnancy outcomes
such as SGA, preeclampsia, and fetal fatality. The results showed a moderate association
between PAPP-A levels and the incidence of preeclampsia and SGA. However, PAPP-A
levels were not correlated with neonatal death. PAPP-A values below 0.4 MoM raised the
risk of SGA and preeclampsia substantially, though the predictive value was low. The
authors concluded that PAPP-A is used in combination with other biochemical markers in
preeclampsia and SGA prediction [42].

Belovic et al. examined the role of placental biochemical markers in predicting ges-
tational hypertension and preeclampsia [30]. They estimated the capacity of various bio-
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chemical markers to predict pregnancy-induced hypertension. Baseline ultrasonographic
data were obtained for a sample of pregnant women, after which regular check-ups were
performed to determine the changes in blood pressure, BMI, and the onset of hypertension.
In addition, serum biochemical markers were obtained in multiples of the median (MoM).
Specifically, the study collected data on β-hCG, inhibin, alpha-fetoprotein (AFP), and PAPP-
A during the follow-up period. The findings revealed a high prevalence of hypertensive
disorders in 20.2% of the population. Moreover, a significant correlation was observed
between first-trimester PAPP-A levels and the risk of gestational hypertension. Participants
with preeclampsia were found to have significantly higher AFP levels. Thus, the biomarkers
were found to be useful for predicting gestational hypertension and preeclampsia [30].

Sharma et al. investigated the role of inflammatory biomarkers released during the
first trimester in predicting the risk of gestational hypertensive disorders [43]. Their study
focused on the efficacy of PAPP-A, β-HCG, interferon-gamma (INF-γ), and tumor necrosis
factor-α (TNF-α). A prospective study was conducted in two phases. In the first phase,
a cohort of 2000 pregnant women was examined and followed up until delivery. The second
phase involved a case-control study in which participants diagnosed with hypertension
in the first phase were evaluated for pro-inflammatory markers. The results showed that
the population had a low prevalence of gestational hypertension (9.13%) and preeclampsia
(2.72%). Moreover, there was a significant correlation between low PAPP-A serum levels
and gestational hypertension. Furthermore, high β-hCG levels were associated with
a risk of gestational hypertensive disorders, though the relationship was not statistically
significant. Similarly, high TNF-α and INF-γ levels were observed in individuals with
gestational diabetes. A combination of all the biomarkers had high predictive values of
71.4% for positive results and 51.6% for negative outcomes [43].

Extreme values of serum biomarkers in the first trimester have been associated with
elevated risks of adverse pregnancy outcomes. For instance, Genc et al. investigated the
relationship between extreme values of maternal biomarkers in the first trimester and
adverse pregnancy outcomes. The study involved an analysis of 786 pregnant women who
attended routine perinatal screening at a hospital in Turkey. They specifically analyzed
two biochemical markers, namely PAPP-A and β-hCG. The findings of the study revealed
that there was a statistically significant correlation between PAPP-A and the presence of
SGA neonates. Low serum β-hCG was also found to increase the risks of adverse obstetric
outcomes. Thus, the two biomarkers were identified as useful biomarkers for predicting
the risks of fetal growth restrictions [44].

Wang et al. examined the association between oxidative stress, serum β-hGC, and
pregnancy-induced hypertension [45]. Their study involved an examination of a cohort
of pregnant women. The sample included non-hypertensive individuals as well as pa-
tients with various severities of preeclampsia. Upon follow-up, the authors demonstrated
that high levels of serum β-hCG were correlated with the severity of pregnancy-induced
hypertension. Similarly, the risk of pregnancy-induced hypertension was higher in indi-
viduals whose blood serum had elevated levels of oxidative stress factors such as TNF-α,
interleukin-6, and interferon-γ. Thus, the authors concluded that the presence of β-hCG
levels alongside oxidative and inflammatory markers could be used to predict pregnancy-
induced hypertension [45]. These findings are similar to those of Elazab et al., who re-
cently demonstrated that a combination of TNF-α, β-hCG, and lipid profiles were useful
biomarkers for predicting the severity of preeclampsia [46]. Their research involved a
case-controlled study in which 90 women were recruited for assessment of the role of bio-
chemical markers in the prediction of preeclampsia. The study findings revealed that there
was a statistically positive correlation between the serum levels of triglycerides, cholesterol,
low-density lipoprotein, β-hCG, and TNF-α and the severity of preeclampsia. Thus, these
biomarkers could be used to predict the risk of the onset of preeclampsia [46].

Some studies have shown that biochemical markers may be less effective in predicting
FGR and gestational hypertension. For instance, Khanam, Mittal, and Suri evaluated
whether the addition of β-hCG and PAPP-A biomarkers to the Uterine Artery Pulsatility
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Index (UtA-PI) in the first trimester could be used in predicting preeclampsia. They
conducted a prospective observational study in which 100 pregnant women were recruited.
For these participants, PAPP-A, β-hCG, and UtA-PI levels were measured at the gestational
age between 11 and 14 weeks. A follow-up was made for all participants to assess the
incidence of gestational hypertension and preeclampsia. The findings revealed that UtA-PI
was an effective biomarker for screening hypertension and preeclampsia and that the
inclusion of PAPP-A and β-hCG did not enhance the predictive value for these conditions.
As such, the addition of PAPP-A and β-hCG to UtA-PI was not recommended for routine
screening [47]. However, the study had the limitation of having a relatively small sample.
In another study, Nicolaides et al. demonstrated that the peak systolic velocity ratio was
superior to maternal biochemical factors in predicting preeclampsia [48].

Zumaeta et al. compared the efficacy of PAPP-A with placental growth factor in
screening for preeclampsia in the first trimester [49]. They also evaluated the screening
abilities of both biomarkers. Their investigation involved a non-intervention screening
study in which data was obtained from patients attending routine visits at two UK hospitals.
Maternal characteristics and medical histories, as well as MoM values of mean arterial
pressure, PlGF, UtA-PI, and PAPP-A, were also obtained for the sample. Positive detection
rates were compared between screenings involving PlGF and PAPP-A and those without
these biomarkers. They examined data from 60,875 participants, of whom 1736 developed
preeclampsia, accounting for 2.9% of the population. The findings showed that a screening
test involving the combination of mean arterial pressure, UtA-PI, PlGF, and maternal factors
was superior to those where PlGF was absent. They also established that the addition of
PAPP-A biomarkers did not improve the sensitivity of the screening method. Thus, the
authors concluded that PlGF was a preferred biochemical marker instead of PAPP-A in the
first-trimester screening of preeclampsia [49].

Low alkaline phosphatase levels have also been associated with hypertensive disorders
and are therefore used as biomarkers for predicting perinatal outcomes. For instance, Tang
et al. examined various biochemical markers, including alkaline phosphatase, in the
prediction of preeclampsia [50]. They conducted a retrospective cohort study in which data
from 20,582 women was obtained and analyzed. The cohort included both pregnant women
with preeclampsia and healthy individuals. The demographic features, blood pressure, and
biochemical test data were compared with perinatal outcomes for the sampled singleton
pregnancies. The findings revealed that elevated uric acid and alkaline phosphatase were
associated with the risk of preeclampsia. Thus, alkaline phosphatase levels could be used
to predict pregnancy outcomes [50]. In an earlier study, Duan et al. demonstrated that
serum alkaline phosphatase levels were significantly associated with preeclampsia risk and
severity [51]. Duan et al. conducted a retrospective case-control study in which a sample of
256 pregnancies was assessed. The participants were categorized into mild preeclampsia,
severe preeclampsia, and healthy non-hypertensive individuals. Alkaline phosphatase and
other serum biomarkers were measured for each of the participants in the three groups.
The study findings showed significantly higher serum levels of alkaline phosphatase, lactic
dehydrogenase, and D-dimer in patients with mild or severe preeclampsia compared with
healthy participants. As such, these biomarkers could be used to predict the severity of
preeclampsia [51].

In clinical practice, serum uric acid is widely utilized as a basic marker suggestive of
various conditions, predominantly renal-related. Its correlation with HDP has been long
recognized, with both European and American guidelines recommending uric acid level
testing in HDP [32,52]. The ratio of serum uric acid to creatinine (SUA/sCR) may serve
as a distinguishing factor for hyperuricemic patient subtypes and as an early indication
of maladaptive hemodynamic changes during pregnancy, specifically in cases of HDP.
Elevated SUA/sCR values at any point during pregnancy are associated with the onset of
PE and adverse pregnancy outcomes, independent of the trimester in which these values
are measured [53].
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Endothelin-1 (ET-1) is a powerful vasoconstrictor that influences cell growth and
proliferation through the activation of the Mitogen-Activated Protein Kinase (MAPK)
pathway. Evaluating plasma endothelin levels during the first trimester of pregnancy can
serve as an insightful marker for gauging the risk of PE. Elevated levels are observed in
55.5% of those at high risk for developing PE, and when coupled with MAP values in the
mid-trimester, the positive predictive value escalates to 68.2% [6].

Finally, Chaparro et al. investigated the potential of angiogenic factors and placental
biomarkers in predicting preeclampsia [54]. They postulated that endothelial and placental
biomarkers present in the gingival crevicular fluid and saliva could be used as biomarkers
of preeclampsia prediction. To investigate this assertion, a case-control study was con-
ducted in which a sample of 30 patients admitted to a hospital in Chile was recruited. Of
this sample, 10 had preeclampsia, while 20 had normal pregnancies. The levels of sFlt-1,
placental alkaline phosphatase, and placental growth factor (PlGF) were measured for the
participants. The findings revealed that the concentrations of sFlt-1 were significantly asso-
ciated with the occurrence of preeclampsia. Similarly, there was a significant relationship
between the concentration of placental alkaline phosphatase and preeclampsia. Individuals
with preeclampsia had elevated levels of placental alkaline phosphatase. However, no
differences were observed in PlGF levels between patients with preeclampsia and those
with normal pregnancies. Generally, the findings show that sFlt-1 and alkaline phosphatase
in saliva and gingival fluid may be used as biomarkers of preeclampsia but not PlGF.
However, the study was limited by the small sample size [54].

4. Discussion

Despite many years of research, the clear pathogenesis of the development of HDP
and, particularly, PE with or without concomitant FGR/SGA is still unknown. In view
of the many biochemical markers that have been studied, only a few of them have found
practical clinical application today, which is reflected in their inclusion in predictive models
of PE and FGR risk calculation. Biochemical markers released during the early phases of
pregnancy have important predictive value for the occurrence of gestational complications
such as hypertension and preeclampsia. This is due to the fact that most of the complica-
tions occurring in the later phases of gestation can be traced to earlier physiological and
pathological processes. However, in predicting gestational hypertension, changes in the
biochemical markers in early pregnancy may have important implications for fetal growth.
Thus, maternal biomarkers could be used to predict fetal growth restrictions and small-for-
gestational-age outcomes. Therefore, early detection of changes in maternal biochemical
markers may be used in the identification of high-risk pregnancies. As a result, early
detection of biochemical markers could aid in the initiation of antenatal surveillance, which
could facilitate the deployment of corrective measures and treatment interventions. While
prior studies have documented the predictive value of biochemical markers in predicting
adverse perinatal outcomes, relatively few studies have explored the impacts of using these
markers to predict both SGA and gestational hypertension in the same study. Therefore,
further studies are needed to evaluate the predictive value of biochemical markers such
as β-hCG, PAPP-A, PlGF, and alkaline phosphatase identified during the first trimester of
pregnancy in the prediction of the occurrence of gestational hypertension and the delivery
of SGA neonates.

5. Conclusions

This review examined the extant literature on the use of biochemical markers in
the first semester in predicting two perinatal outcomes, namely gestational hypertension
and small-for-gestational-age births. The findings show that changes in the levels of
biomarkers in the early phases of a pregnancy could be an important indicator of subsequent
pathologic and physiologic changes. Specifically, the literature shows that low PAPP-A
and PlGF levels, low alkaline phosphatase, higher sFlt-1 levels, higher AFP levels, and
elevated levels of inflammatory markers such as β-hGC, interferon-gamma (INF-γ), and
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tumor necrosis factor-α (TNF-α) may be associated with the risks of adverse perinatal
outcomes, including the onset of pregnancy-induced hypertensive disorders, fetal growth
restriction, and delivery of SGA neonates. Comparatively, PAPP-A and PlGF appear to be
the most clinically important biochemical markers for the prediction of SGA and gestational
hypertension. However, mixed outcomes were reported in this review, with some studies
showing no impact of the changes in some biomarkers on perinatal outcomes. Hence,
there is a need for continued investigations to enhance the current understanding of the
predictive value of maternal biomarkers released in the first trimester or to create other
new multiparametric risk scales that will more accurately predict the risk of HDP and fetal
growth abnormalities.
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Prediction of Hypertensive Disorders of Pregnancy. J. Med. Biochem. 2019, 38, 71–82. [CrossRef]

31. Poon, L.C.; Nicolaides, K.H. First-trimester maternal factors and biomarker screening for preeclampsia. Prenat. Diagn. 2014,
34, 618–627. [CrossRef]

32. Regitz-Zagrosek, V.; Roos-Hesselink, J.W.; Bauersachs, J.; Blomström-Lundqvist, C.; Cífková, R.; De Bonis, M.; Iung, B.; Johnson,
M.R.; Kintscher, U.; Kranke, P.; et al. 2018 ESC Guidelines for the Management of Cardiovascular Diseases during Pregnancy:
The Task Force for the Management of Cardiovascular Diseases during Pregnancy of the European Society of Cardiology (ESC).
Eur. Heart J. 2018, 39, 3165–3241. [CrossRef]

33. Villar, J.; Papageorghiou, A.T.; Pang, R.; Ohuma, E.O.; Ismail, L.C.; Barros, F.C.; Lambert, A.; Carvalho, M.; Jaffer, Y.A.; Bertino, E.;
et al. The likeness of fetal growth and newborn size across non-isolated populations in the INTERGROWTH-21st Project: The
Fetal Growth Longitudinal Study and Newborn Cross-Sectional Study. Lancet Diabetes Endocrinol. 2014, 2, 781–792. [CrossRef]

34. Victora, C.G.; Villar, J.; Barros, F.C.; Ismail, L.C.; Chumlea, C.; Papageorghiou, A.T.; Bertino, E.; Ohuma, E.O.; Lambert, A.;
Carvalho, M.; et al. Anthropometric Characterization of Impaired Fetal Growth: Risk Factors for and Prognosis of Newborns
With Stunting or Wasting. JAMA Pediatr. 2015, 169, e151431. [CrossRef]

35. Meler, E.; Martinez-Portilla, R.J.; Caradeux, J.; Mazarico, E.; Gil-Armas, C.; Boada, D.; Martinez, J.; Carrillo, P.; Camacho, M.;
Figueras, F. Severe smallness as predictor of adverse perinatal outcome in suspected late small-for-gestational-age fetuses:
Systematic review and meta-analysis. Ultrasound Obstet. Gynecol. 2022, 60, 328–337. [CrossRef]

https://doi.org/10.1002/pd.5683
https://www.ncbi.nlm.nih.gov/pubmed/32181502
https://doi.org/10.3390/biomedicines10030718
https://doi.org/10.1016/j.ajog.2020.08.045
https://doi.org/10.1016/j.jogc.2022.03.002
https://doi.org/10.1001/jama.2017.3439
https://doi.org/10.1097/AOG.0000000000003892
https://doi.org/10.1002/ijgo.12802
https://doi.org/10.1016/j.preghy.2018.05.004
https://doi.org/10.1111/ajo.12399
https://www.ncbi.nlm.nih.gov/pubmed/26412014
https://doi.org/10.1002/uog.20105
www.nice.org.uk/guidance/ng133
www.nice.org.uk/guidance/ng133
https://doi.org/10.1161/HYPERTENSIONAHA.120.15026
https://doi.org/10.5603/GP.2020.0110
https://doi.org/10.1016/j.ajog.2017.11.561
https://doi.org/10.1016/S1701-2163(16)34346-8
https://doi.org/10.1016/j.ajog.2012.08.033
https://doi.org/10.2478/jomb-2018-0001
https://doi.org/10.1002/pd.4397
https://doi.org/10.1093/eurheartj/ehy340
https://doi.org/10.1016/S2213-8587(14)70121-4
https://doi.org/10.1001/jamapediatrics.2015.1431
https://doi.org/10.1002/uog.24977


Healthcare 2023, 11, 2454 12 of 12

36. Lees, C.; Stampalija, T.; Baschat, A.A.; da Silva Costa, F.; Ferrazzi, E.; Figueras, F.; Hecher, K.; Kingdom, J.; Poon, L.C.; Salomon,
L.J.; et al. ISUOG Practice Guidelines: Diagnosis and management of small-for-gestational-age fetus and fetal growth restriction.
Ultrasound Obstet. Gynecol. 2020, 56, 298–312. [CrossRef]

37. Roeckner, J.T.; Pressman, K.; Odibo, L.; Duncan, J.R.; Odibo, A.O. Outcome-based comparison of SMFM and ISUOG definitions
of fetal growth restriction. Ultrasound Obstet. Gynecol. 2021, 57, 925–930. [CrossRef] [PubMed]

38. Honarjoo, M.; Zarean, E.; Tarrahi, M.J.; Kohan, S. Role of pregnancy-associated plasma protein A (PAPP-A) and human-derived
chorionic gonadotrophic hormone (free β-hCG) serum levels as a marker in predicting of Small for gestational age (SGA):
A cohort study. J. Res. Med. Sci. 2021, 26, 104. [CrossRef]

39. Allen, R.; Aquilina, J. Prospective observational study to determine the accuracy of first-trimester serum biomarkers and
uterine artery Dopplers in combination with maternal characteristics and arteriography for the prediction of women at risk of
preeclampsia and other adverse pregnancy outcomes. J. Matern. Neonatal Med. 2018, 31, 2789–2806. [CrossRef]

40. Hendrix, M.L.E.; Bons, J.A.P.; Snellings, R.R.G.; Bekers, O.; van Kuijk, S.M.J.; Spaanderman, M.E.A.; Al-Nasiry, S. Can Fetal
Growth Velocity and First Trimester Maternal Biomarkers Improve the Prediction of Small-for-Gestational Age and Adverse
Neonatal Outcome? Fetal Diagn. Ther. 2019, 46, 274–284. [CrossRef]

41. Papastefanou, I.; Wright, D.; Lolos, M.; Anampousi, K.; Mamalis, M.; Nicolaides, K.H. Competing-risks model for prediction of
small-for-gestational-age neonate from maternal characteristics, serum pregnancy-associated plasma protein-A and placental
growth factor at 11–13 weeks’ gestation. Ultrasound Obstet. Gynecol. 2021, 57, 392–400. [CrossRef]

42. Boutin, A.; Gasse, C.; Demers, S.; Blanchet, G.; Giguère, Y.; Bujold, E. Does Low PAPP-A Predict Adverse Placenta-Mediated
Outcomes in a Low-Risk Nulliparous Population? the Great Obstetrical Syndromes (GOS) Study. J. Obstet. Gynaecol. Can. 2018,
40, 663–668. [CrossRef]

43. Sharma, K.; Singh, R.; Kumar, M.; Gupta, U.; Rohil, V.; Bhattacharjee, J. First-Trimester Inflammatory Markers for Risk Evaluation
of Pregnancy Hypertension. J. Obstet. Gynecol. India 2018, 68, 27–32. [CrossRef]

44. Genc, S.; Ozer, H.; Emeklioglu, C.N.; Cingillioglu, B.; Sahin, O.; Akturk, E.; Sirinoglu, H.A.; Basaran, N.; Mihmanli, V. Relationship
between extreme values of first trimester maternal pregnancy associated plasma Protein-A, free-β-human chorionic gonadotropin,
nuchal translucency and adverse pregnancy outcomes. Taiwan. J. Obstet. Gynecol. 2022, 61, 433–440. [CrossRef] [PubMed]

45. Wang, R.; Chen, L.; Wang, X.; Liu, Y. Association between serum beta-human chorionic gonadotropin and inflammation, oxidative
stress in pregnancy-induced hypertension. Microvasc. Res. 2021, 135, 104130. [CrossRef]

46. Elazab, R.; Alkhiary, M.; Bedairi, M.; Wageh, A. Simultaneous use of Tumor Necrosis Factor, Lipid Profile, and β-hCG As Markers
of Severity of Preeclampsia. J. Obstet. Gynecol. India 2022, 72, 83–88. [CrossRef]

47. Khanam, Z.; Mittal, P.; Suri, J. Does the Addition of Serum PAPP-A and β-hCG Improve the Predictive Value of Uterine Artery
Pulsatility Index for Preeclampsia at 11–14 Weeks of Gestation? A Prospective Observational Study. J. Obstet. Gynecol. India 2021,
71, 226–234. [CrossRef]

48. Nicolaides, K.H.; Sarno, M.; Wright, A. Ophthalmic artery Doppler in the prediction of preeclampsia. Am. J. Obstet. Gynecol. 2021,
226, S1098–S1101. [CrossRef]

49. Zumaeta, A.M.; Wright, A.; Syngelaki, A.; Maritsa, V.A.; Da Silva, A.B.; Nicolaides, K.H. Screening for pre-eclampsia at
11–13 weeks’ gestation: Use of pregnancy-associated plasma protein-A, placental growth factor or both. Ultrasound Obstet.
Gynecol. 2020, 56, 400–407. [CrossRef]

50. Tang, Z.; Ji, Y.; Zhou, S.; Su, T.; Yuan, Z.; Han, N.; Jia, J.; Wang, H. Development and Validation of Multi-Stage Prediction Models
for Pre-eclampsia: A Retrospective Cohort Study on Chinese Women. Front. Public Health 2022, 10, 911975. [CrossRef]

51. Duan, Z.; Li, C.; Leung, W.T.; Wu, J.; Wang, M.; Ying, C.; Wang, L. Alterations of Several Serum Parameters Are Associated with
Preeclampsia and May Be Potential Markers for the Assessment of PE Severity. Dis. Markers 2020, 2020, e7815214. [CrossRef]

52. ACOG Committee on Obstetric Practice. ACOG practice bulletin. Diagnosis and management of preeclampsia and eclampsia.
Number 33, January 2002. American College of Obstetricians and Gynecologists. Int. J. Gynaecol. Obstet. 2002, 77, 67–75.

53. Piani, F.; Agnoletti, D.; Baracchi, A.; Scarduelli, S.; Verde, C.; Tossetta, G.; Montaguti, E.; Simonazzi, G.; Degli Esposti, D.; Borghi,
C.; et al. Serum uric acid to creatinine ratio and risk of preeclampsia and adverse pregnancy outcomes. J. Hypertens. 2023,
41, 1333–1338. [CrossRef] [PubMed]

54. Chaparro, A.; Gaedechens, D.; Ramírez, V.; Zuñiga, E.; Kusanovic, J.P.; Inostroza, C.; Varas-Godoy, M.; Silva, K.; Salomon, C.; Rice,
G.; et al. Placental biomarkers and angiogenic factors in oral fluids of patients with preeclampsia. Prenat. Diagn. 2016, 36, 476–482.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1002/uog.22134
https://doi.org/10.1002/uog.23638
https://www.ncbi.nlm.nih.gov/pubmed/33798274
https://doi.org/10.4103/jrms.jrms_560_20
https://doi.org/10.1080/14767058.2017.1355903
https://doi.org/10.1159/000499580
https://doi.org/10.1002/uog.23118
https://doi.org/10.1016/j.jogc.2017.08.047
https://doi.org/10.1007/s13224-017-0988-1
https://doi.org/10.1016/j.tjog.2022.02.043
https://www.ncbi.nlm.nih.gov/pubmed/35595434
https://doi.org/10.1016/j.mvr.2020.104130
https://doi.org/10.1007/s13224-021-01556-0
https://doi.org/10.1007/s13224-020-01420-7
https://doi.org/10.1016/j.ajog.2020.11.039
https://doi.org/10.1002/uog.22093
https://doi.org/10.3389/fpubh.2022.911975
https://doi.org/10.1155/2020/7815214
https://doi.org/10.1097/HJH.0000000000003472
https://www.ncbi.nlm.nih.gov/pubmed/37260263
https://doi.org/10.1002/pd.4811
https://www.ncbi.nlm.nih.gov/pubmed/26988336

	Introduction 
	Materials and Methods 
	Study Design 
	Selection Process 
	Variables and Measurement 

	Results 
	Discussion 
	Conclusions 
	References

