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Background: Hypertensive disorders of pregnancy (HDP) is a disease associated with elevated 
blood pressure during pregnancy, accounting for 5–10% of all pregnancies, which includes: gestational 
hypertension, preeclampsia (PE), eclampsia, chronic hypertension with superimposed PE and chronic 
hypertension. PE is the most prevalent type of HDP that seriously threatens the life and health of mothers 
and infants. In-depth exploration of the pathogenesis can play an early role in predicting the disease.
Methods: A literature search was conducted in PubMed, Embase, Google Scholar, and other databases 
in the article. It was investigated by searching for literature published between 1993 and March 2021; the 
subject terms included—“vascular endothelial growth factor”, “preeclampsia”, and “pathogenesis”. In the 
article, the inclusion criteria of literature should meet the definition of PE. It was excluded as reviews, case 
reports, narrative reviews, and publications that lack key information.
Results: Vascular endothelial growth factor (VEGF) family factor research provides pivotal value for early 
clinical prediction of PE. Soluble fms-like tyrosine kinase-1 (sFlt-1)/placental growth factor (PlGF) became 
a marker for early prediction of PE. Through the included 51 articles, the analysis of VEGF in PE and its 
pathway factors was summarized to clarify the pathogenesis further and provide innovative ideas for future 
research directions and clinical diagnosis.
Discussion: A systematic review of the VEGF family in the pathogenesis of PE was concluded in the 
study to find angiogenesis markers of PE from the pathogenesis of the available literature. Therefore, early 
intervention of clinical diseases could reduce maternal complications and ensure the maximum health of 
mothers and babies. There are differences in the research results of factors in the VEGF family, and further 
research is needed to provide accurate clinical evidence.
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Introduction

In 1619, the word “eclampsia” appeared in Varandaeus’ 
treatise on gynecology systematically described by Mauriceau 
first.  Pregnant women with eclampsia would have 
spasm during pregnancy, and it is shown that the risk of 
eclampsia is higher for the multipara than the primipara in  
research (1). The term “preeclampsia” (PE) appeared 
in textbooks in 1903, and the classification criteria for 
different degrees of PE were gradually refined (2). 
Parturients with PE can cause fetal growth restriction 
and increase fetal mortality during the perinatal period. 
When the post-birth weight reduces 10% below, the 
mortality rate of the newborn will be increased (3). If 
the fetus is born and survives, the risk of coronary heart 
disease, stroke, metabolic syndrome, and other diseases 
will also be increased in life in the future (4). Currently, the 
effective treatment is childbirth. PE has familial heredity, 
and intervention measures have been taken to prevent PE 
and its complications (5). Therefore, early screening and 
intervention play a vital role in the prognosis of pregnant 
women and the growth of fetus.

In normal pregnancy, the villous cell trophoblast 
invades one-third of the myometrium, which reduces the 
endothelium and muscle fibers of the spiral artery. After 
the structure changes, the spiral artery’s resistance, and 
sensitivity decrease, and it is not sensitive to vasoconstrictive 
s u b s t a n c e s ;  t h e r e f o r e ,  b l o o d  p r e s s u r e  w i l l  n o t  
increase (6). However, in pregnancy-induced hypertension, 
the process of invasion of the spiral arteries by trophoblast 
cells appears wrong. Current studies have shown (7): during 
pregnancy, shallower placental implantation could further 
lead to placental blood circulation disorder, release pro-
inflammatory factors, and maternal inflammation causes 
endothelial cell damage and increases permeability, which 
will eventually increase maternal blood pressure. The 
absence of vascular endothelial growth factor (VEGF) in the 
podocytes blocks the gap in the diaphragm on the basement 
membrane to reduce the glomerular filtration rate, which 
could cause proteinuria. The current research shows (4): 
the development of hypertensive disorders in pregnancy is 
associated with the immune imbalance theory (manifested 
in the human leukocyte antigen area), the theory of 
oxidative stress, and the theory of genetics. These abnormal 
reactions are related to increased vascular permeability, 
leading to increased blood pressure and thrombosis, which 
further compensates for reducing blood flow in the sub-
arteries caused by peripheral vasoconstriction (8). However, 

the pathogenesis of pregnancy-induced hypertension is still 
unclear, for which one factor cannot explain the etiology. 
In patients with PE, thrombin induces increased mRNA 
and protein expression of protease-activated receptor-1 on 
endothelial cells, predisposing to thrombus formation (9). 
Therefore, blood pressure during pregnancy increases, and 
endothelial cell damage may occur caused by complications. 
Endothelial cell-related factors include the family of 
VEGFs, which were including (10): VEGF-A, VEGF-B, 
VEGF-C, VEGF-D, VEGF-E, VEGF-F, placental growth 
factor (PlGF), and endocrine gland-derived VEGF (EG-
VEGF). The relationship between VEGF, its receptor, and 
PE was discussed in the article.

VEGF was the first independently isolated VEGF 
protein in 1989 by Ferrara and others. It is a 40-KD 
heterodimeric glycoprotein formed by anti-parallel peptides, 
whose gene is located on chromosome 6p21.3 and belongs 
to the VEGF/platelet-derived growth factor gene family 
(11,12). The VEGF ligand binds to the immunoglobulin-
like domains 1–3 of its homologous VEGF receptor, which 
induces VEGF receptor activation through the symmetrical 
homotypic interaction between the membrane-proximal 
immunoglobulin-like domains 4–7 (13). VEGF-A of 
vascular endothelial cells is a high-affinity ligand of VEGF 
receptor 2 (VEGFR2, i.e., FLK/KDR), and the signal of 
VEGF-A is mediated by the activation of VEGFR2 (14). 
PlGF conveyed the signal transduction in cells through 
VEGF receptor 1 (VEGFR1, i.e., Flt-1). Meanwhile, the 
binding and activation of VEGF-A and VEGFR2 were 
increased (15). As the characteristics of specific binding 
to its receptor, VEGF initiates its pathway through one 
or two of the three endothelial receptor tyrosine kinases, 
which could play a vital role in forming blood vessels and 
lymphangion. However, there was weak tyrosine kinase 
activity of VEGFR1, which was functioned as the soluble 
fms-like tyrosine kinase-1 (sFlt-1) to produce an antagonist 
of vascular endothelium on the surface of endothelial  
cells (16). Because sFlt-1 lacked the transmembrane 
segments and intracellular structural domains, it could 
only bind to VEGF ligands. Free VEGF levels were down-
regulated to prevent VEGF from binding to its receptor, 
which could not bound to the receptor and PlGF further 
to cause placental ischemia in pregnant women, vascular 
endothelial damage and angiogenesis disorder that 
induces the elevation of blood pressure and proteinuria. 
Therefore, when the expression of VEGF is abnormal 
during pregnancy, the integrity of the blood vessel wall 
will be broken, along with the changed permeability, which 
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will further trigger PE. A rat model study showed an 
imbalance of angiogenic factors in PE patients to reduce 
VEGF production. The anti-angiogenic factor sFlt-1 was  
reduced (17), consistent with the expression of factors in the 
above pathways. In addition, sFlt-1/PIGF in the pathway 
has a high negative predictive value. Research on sFlt-1/
PIGF intends to be an effective biomarker or drug target 
for the treatment and intervention of PE patients, which 
can provide new ideas for the early diagnosis and treatment 
of the disease.

We present the following article in accordance with the 
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-2109).

Methods

Selection criteria

In the article, the inclusion criteria of literature should meet 
the definition of PE: systolic blood pressure ≥140 mmHg 
and/or diastolic blood pressure ≥90 mmHg after 20 weeks 
of gestation with any of the following situations: proteinuria 
≥0.3 g/24 h, or urinary protein/creatinine ratio ≥0.3, or 
random urine protein ≥+; no proteinuria but accompanied 
by any organ or system involvement: abnormal changes 
in the heart, lung, liver, kidney and other vital organs, or 
blood system, digestive system, nerve system, placenta-
fetal involvement, and others. The PE group was defined 
as the patients with mild PE in systolic blood pressure  
1 4 0 – < 1 6 0  m m H g  a n d  d i a s t o l i c  b l o o d  p r e s s u r e  
90–<110 mmHg without serious complications, while 
severe complication group was defined as the patients with 
severe PE and complications in systolic blood pressure 
≥160 mmHg and diastolic blood pressure ≥110 mmHg. 
The involved topics were shown as etiology, pathogenesis, 
case-control studies, prospective research. It was excluded 
as reviews, case reports, narrative reviews, and publications 
that lack key information.

Search method

Searches were conducted in PubMed, Embase, and Google 
Scholar databases from January to March 2020, with the 
primary search terms as “Pre-Eclampsia”, “Pregnancy 
Toxemia”, “Edema-Proteinuria-Hypertension Gestosis” 
and “VEGF”, “Vascular Endothelial Growth Factor-A”, 
“VEGF-A”, “Vascular Endothelial Growth Factor” and 
others. One thousand eight hundred and twenty-eight 

results were searched for the initial search results from 1993 
to 2021. After further literature searches on clinical trials, 
randomized controls, and meta-analysis, 258 documents 
were included in the scope considered. Through the 
selection of inclusion and exclusion criteria, 51 articles were 
finally included.

Data extraction

The data extraction of this article includes the following 
content: title, first author and corresponding author, 
publication time, publication language, impact factor, the 
number of authors, detailed information of the case group 
population (age, systolic and diastolic blood pressure, BMI 
index, subtype classification of PE and severity of disease, 
presence or absence of previous disease history, clinical 
manifestations, intervention measures, risk prediction, 
influencing factors and others), research methods and 
research results.

Results

VEGF and PE

Existing studies have shown (18,19) that compared with 
normal pregnant women, the reversible expression of 
VEGF gene mRNA in the placenta of PE pregnant 
women was increased, which could lead to high expression 
of VEGF factor, and the up-regulation of VEGF factor 
was considered the placental hypoxia response at the 
transcriptional level. Other researchers believe that (20): the 
expression level of miR-203 in the placenta of PE patients 
was significantly increased (P<0.01), and the expression 
level of VEGFA was significantly decreased (P<0.01), which 
was negatively correlated (r=0.2217; P=0.0028) relationship 
in expression, indicating that the up-regulation of miR-
203 may be related to the down-regulation of VEGFA. At 
present, there is still considerable controversy in the study 
of RNA expression in PE patients without the clarified 
pathogenesis. A large sample size and multi-population 
study should be further conducted to determine the exact 
role of RNA in PE patients. A Ahmed et al. believed the 
expression of VEGF in the peripheral blood of the PE 
group was downregulated compared with the normal 
pregnancy group and non-pregnant group (P<0.05). It 
was found that the mRNA expression level of VEGF in 
the placenta tissue of patients with PE was higher than 
the mRNA expression level in serum (21,22). Senger first 
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described it (23), and then through the developmental study 
of heterozygous VEGF-A knockout mice (VEGF-A+/−) (24), 
the mutant embryo dies at early embryogenesis on the 10th 
to 11th day, which proved VEGF-A has a powerful effect 
on promoting angiogenesis. Besides, it plays a critical 
role in cell proliferation, vasodilation, increasing vascular 
permeability, and inducing inflammatory cells to accumulate 
to the injury part (25).

VEGF-A gene polymorphism and PE

Single nucleotide polymorphism (SNP) refers to a DNA 
sequence polymorphism caused by a single nucleotide 
variation (including the conversion or transversion, 
insertion, or deletion of a single base) at the genome level. 
SNP is widespread in the human genome, and changes in 
specific loci can cause disease. The polymorphism of the 
SNP locus in PE is manifested in VEGF-A, an essential 
angiogenesis stimulator. The two crucial SNP loci of 
VEGF-A are studied as below.

Locus-634G/C and PE
In the study of locus-643G/C and PE, Chen et al. had 
proved that maternal and fetal VEGF-A-634G/C locus 
polymorphism through a mixed study design combining 
case-parent design and case-control design (26): the 
dominant model of maternal-fetal VEGF-A-634G/C locus 
polymorphism (GC + CC/GG) was significantly correlated 
with PE (OR =1.85, 95% CI: 1.25–2.75; OR =1.90, 95% 
CI: 1.28–2.83). In the locus, the expression of the CC 
genotype was higher than the CG + GG genotype. The 
risk of maternal PE could increase in the offspring with 
CG or CC genotype (OR =1.84, 95% CI: 1.18–2.86; OR 
=1.89, 95% CI: 1.02–3.49). Therefore, the high genotype 
expression was related to increasing the risk of maternal 
PE. The results of gene-environment interaction analysis 
by log-linear model showed that passive smoking during 
pregnancy significantly affected the polymorphism of the 
-634G/C locus [likelihood ratio test (PLRT) =0.022]. The 
maternal genotype was significantly correlated with PE 
risk (P=0.028). 95% CI: (0.40–3.18; 0.11–1.10) of GC 
and CC genotypes shows this factor is not associated with 
PE; whether there is an association between their gene-
environment interactions should be further investigated 
(25-27). In the RMDR interaction model study (28), the 
-1562CT genotype with VEGF-634CC, -634GG, and matrix 
metalloproteinase-9 genes are more common in the PE 

group than in the normal pregnancy group. The complex 
interactions between genes and the environment, genes and 
genes are more important than the independent effects of 
any susceptible gene. The above studies have investigated 
the interaction of -634G/C locus from a maternal-infant 
perspective and gene-environment interactions with 
variable results. Many factors should be considered and a 
large sample study should be carried out.

Locus +936C/T and PE
Locus +936C/T is a 3' untranslated region locus of the 
VEGF gene. A Korean study showed that (29): locus 
+936C/T was significantly different in case-control studies 
(P<0.001), and the frequency of patients with the gene was 
significantly higher than the control group (OR =2.06; 
95% CI: 1.38–3.08), which has shown the locus was a risk 
factor for PE. A study in the Philippines (30): the alleles 
of VEGF-A and locus +936C/T were further explored in 
locus studies. Among them, the C allele was a risk factor 
for PE (OR =1.648, 95% CI: 1.03–2.62), and the T allele 
was its protective factor (OR =0.61, 95% CI: 0.389–0.975). 
In another study (31), the risk of severe PE was increased 
when the pregnant woman was a homozygous TT genotype 
carrier (P=0.03). When locus +936C/T allele was present 
in the mother and newborn, then the risk of pregnancy-
induced hypertension could significantly increase. There 
are still significant differences in the study of locus +936C/
T in PE. Whether it is associated with the geographical 
environment remains unclear, and further multi-regional 
and multi-factor research should be conducted.

Other angiogenic factors and PE

PlGF and PE
PlGF is a pro-angiogenic factor of the VEGF family, 
located on chromosome 14q14, and encoded four PlGF 
subtypes expressed in the placenta. PlGF-1 and PlGF-2 are 
expressed during pregnancy (32). PlGF increases VEGF 
activity by competitively binding to the VEGF-1 receptor 
so that VEGF binds to VEGF-2 with stronger tyrosine 
kinase activity (33). Although the mice with the knockout 
PlGF gene were performing normally in the experiment, 
some studies have shown that there are nuanced differences 
in the development of cerebral blood vessels in the offspring 
of patients with PE, which can show that PlGF has an 
important influence on blood vessel development (34).  
In women who develop PE,the concentration of PIGF 
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decreases in early pregnancy,and its level is negatively 
correlated with the sverity of the disease. PIGF levels have 
a predictive effect on early-onset PE (35). PIGF is over-
expression during 15 to 20 weeks of normal gestation. The 
expression is lower than the normal pregnant women during 
15–20 weeks of PE period. In a prospective study, the level 
of PlGF during normal pregnancy was 1.17±0.67, and the 
level of the PE group was 0.65±0.30. There was a significant 
difference between the two groups (P=0.014) (36). The 
decrease of PlGF in pregnant women with early onset PE 
may damage the infiltration of trophoblastic cells, reduce 
placental angiogenesis to cause placental ischemia and 
hypoxia, with a significant increase of sFlt-1. The elevated 
sFlt-1 levels will also affect PlGF-producing activity 
(37,38). PlGF decreases in the first 3 months of pregnancy, 
and the decrease in expression level precedes its clinical 
presentation. However, PE can be predicted based on PlGF 
levels alone, with a false positive rate of 5% and a sensitivity 
of 32% (39). If the further combination of medical history, 
ultrasound examination, and the ratio of sFlt-1:PlGF can 
reduce the false-positive rate. However, the method has not 
been widely used in clinical practice. In another study (40), 
showed that low concentrations of PlGF (<100 pg/mL) have 
higher accuracy in identifying PE requiring delivery within 
14 days. Among them, delivery before 35 weeks of gestation 
has high sensitivity (94.9%) and negative predictive value 
(98.3%). In women with suspected PE, the measurement 
of PlGF can shorten the diagnosis time of PE by about 
2 days, which could provide a reliable basis for uncertain 
diagnosis. As a predictive indicator, PlGF led to a reduction 
in adverse maternal outcomes, for which prenatal care could 
be significantly improved, and serious complications could 
be avoided.

Flt-1 and PE
The alteration of genes in the fetal genome near the Flt 
region can cause PE. It was found that the locus rs12050029 
was an independent risk factor related to PE. A recent 
large-scale genome-wide analysis showed that (41):  
the SNP at Flt-1 locus rs4769613 on Chromosome 13 
of the fetal genome was significantly associated with PE 
(P=3.6×10−4), the patient with late-onset PE and birth 
weight less than 10% in pregnancies could be significantly 
impacted by C allele of rs4769613 (OR =1.26, P=1.2×10−7 
in the case-control). Both rs4769613 and rs12050029 
are located in the placental enhancer region near  
Flt-1, and to some extent affect the transcription of 
Flt-1 through changes in gene transcription (42). The 

study of the Flt-1 locus could help clarify the source of 
sFlt-1 further. sFlt-1 is a spliced variant of VEGFR1  
(Flt-1). In PE, placental perfusion is reduced by the invasion 
of the abnormal cytotrophoblast of spiral arteries. Alternative 
splicing of pre-mRNA encoding Flt-1 results in over-
release of sFlt-1 in the maternal circulation. Because sFlt-
1 contains the extracellular ligand domain of VEGFR1 (43),  
sFlt-1 antagonizes VEGF and PlGF. The binding of the two 
to their receptors can be inhibited to further the effect of 
angiogenesis signal pathways (44), resulting in endothelial 
function and systemic vascular dysfunction. Meanwhile, 
experiments have shown (45) that genetic polymorphisms 
in the fetal genome may increase the risk of disease for the 
mother. In 2003, some scholars found that the level of sFlt-
1 in the serum of PE patients increased. When sFlt-1 was 
administered to pregnant rats, the symptoms of PE would 
occur. Later, another experiment proved: the level of sFlt-
1 is related to the severity of PE, and its concentration 
decreases after the termination of pregnancy. sFlt-1 is a 
marker of placental insufficiency, which may be related to 
maternal and infant disease risk (46).

sFlt-1/PlGF and PE
Recently, sFlt-1/PlGF has been included in the official 
guidelines for predicting PE. However, the role of the 
ratio in prediction and diagnosis has only been verified in 
the European population. The published literature (47): 
the circulating sFlt-1/PlGF <38 has a 99.3% negative 
predictive value for the onset of PE within 1 week. It 
had clinical value in predicting the absence of adverse 
maternal or fetal outcomes in the short term. Compared 
with normal pregnancy (48), the fetal growth is restricted 
in PE patients, with a significantly higher ratio of plasma 
sFlt-1/PlGF. The cut-off value of the sFlt-1/PlGF ratio 
of 35, the sensitivity of 89%, and the specificity of 95% 
are defined in the case group. Compared with sFlt-1/
PlGF in plasma, the sensitivity of 71% and specificity of 
86% of urine sFlt-1/PlGF ratio decreased. In the first 
study of sFlt-1/PlGF through different ethnic populations 
in Xinjiang, China (49), the ratio of sFlt-1/PlGF in PE 
group, severe PE group, and control group in non-Han 
Chinese (21.76, 27.53) were higher than those of Han 
Chinese (6.06, 13.85), among which the ratio of sFlt-1/
PlGF of Uygur nationality was higher than that of other 
nationalities. Meanwhile, it was found that the best sFlt-
1/PlGF cut-off value for distinguishing PE was defined 
as >38.83, the area under curve (AUC) value of receiver 
operator characteristic (ROC) curve was 0.802 (57.4% of 
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sensitivity, 95.1% of specificity), and the sFlt-1/PlGF ratio 
was relatively higher than the authenticity of the single 
detection, and sFlt-1/PlGF can significantly improve 
the prediction accuracy of PE risk (50). The sensitivity 
and specificity of sFlt-1/PlGF in Xinjiang were not 
higher than in other countries, which may be related to 
the small sample size and the regional limitations. The 
latest guidelines of the International Association for the 
Study of hypertensive disorders of pregnancy (HDP) 
recommend that large-scale prospective studies should 
be further conducted before the large-scale application of 
angiogenesis marker assays to clinical use (51).

Discussion

In summary, the effective screening and monitoring of 
pregnant women at risk of PE is necessary. PE will be 
associated with complications including urinary protein, 
elevated blood pressure, headache, and edema after  
20 weeks of gestation. However, these symptoms cannot 
be used for clinical judgment in early pregnancy. The 
intervention treatment should be conducted as early as 
possible to protect the health of mothers and babies to the 
greatest extent, based on the research on the pathogenesis 
of PE, which could reduce maternal complications. By 
studying genetic polymorphisms of critical factors in the 
VEGF family that affect vascular growth and development, 
an association with PE has been found, while there are still 
differences in research results. PlGF, sFlt-1, and the ratio of 
two indexes have become the hot topics of research in recent 
years. Their application in the clinic as angiogenic markers 
for PE has become possible. Further research should be 
conducted in the early stages of research to provide clinical 
diagnosis and treatment value. The abnormal expression of 
VEGF family related proteins and mRNA have important 
clinical value for the early diagnosis of PE. sFlt-1/PIGF 
can be used as an important indicator for early diagnosis of 
PE, with high clinical value. sFlt-1/PIGF will be the central 
research topic in the future of PE.
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