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Introduction: 

Preeclampsia is a systemic vascular disease characterized by hypertension 

and proteinuria, which accounts for 2% to 8% of all pregnancies [1]. 

Preeclampsia can affect almost every organ and system and can cause 

undesirable complications, such as eclampsia, hemolysis elevated liver 

enzymes low platelets (HELLP) syndrome, placental abruption, and fetal 

growth restriction [2]. The only existing treatment for preeclampsia is 

early delivery, which leads to increases in the birth rate of premature 

babies and the incidence of low-birth-weight babies. Although the clinical 

symptoms of preeclampsia completely disappear after delivery, recent 

evidence suggests a significant association between preeclampsia and the 

future risk of cardiovascular disease [3]. It is currently believed that the 

extensive maternal endothelial dysfunction caused by placental factors 

plays a vital role in the pathogenesis of preeclampsia. Serum markers in 

many patients with preeclampsia indicate increased endothelial 

activation. Some studies have confirmed that excessive placental anti- 

angiogenic factors, such as soluble fms-like tyrosine kinase 1 (sFLT1), 

can antagonize vascular endothelial growth factor (VEGF) and placental 

growth factor (PlGF) and induce general maternal endothelial dysfunction 

[4]. In this review, we summarize the latest advances in endothelial 

dysfunction caused by placental anti-angiogenic factors and the 

association between preeclampsia and future cardiovascular risk. 

 

Risk factors: 

Genetic factors: 

Preeclampsia has a familial tendency, and the incidence of immediate 

family members can be increased by 2- to 5-fold [3]. A large clinical 

genome-wide association study indicated that a single-nucleotide 

polymorphism near the FLT1 locus (rs4769613) on chromosome 13 of 

the fetal genome is significantly associated with the development of 

preeclampsia. Furthermore, women with trisomy 13 fetuses are more 

likely to develop preeclampsia. Trisomy 13 is associated with increased 

maternal sFLT1 levels and a high risk of preeclampsia [5]. 

Nongenetic factors: 

Certain maternal diseases, such as obesity, diabetes, chronic 

hypertension, antiphospholipid syndrome (APS), chronic kidney disease 

(CKD), and systemic lupus erythematosus (SLE), are associated with an 

increased risk of preeclampsia. In addition, the sFLT1 level of pregnant 

women with chronic hypertension and diabetes was significantly 

increased, while the PlGF level of obese pregnant women was 

significantly reduced. These factors are all risk factors leading to the onset 

of preeclampsia. All these risk factors have been previously mentioned in 

risk factors for endothelial dysfunction and atheroma development [6, 7]. 

Abstract: 
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Anti-angiogenesis status of pregnant women and 
preeclampsia: 

The pathogenesis of preeclampsia is not clear, but it is generally believed 

that the placenta plays a central role in the pathogenesis of preeclampsia. 

Regarding the pathophysiology of preeclampsia, maternal endothelial 

dysfunction caused by placental factors and the two-stage theory have 

long been recognized. In addition, susceptible immunity, genetics, and 

pre-existing maternal risk factors may also affect the disease. In 

preeclampsia, the failure of the physiological remodeling of the decidual 

blood vessels leads to a decrease in placental perfusion, which leads to the 

release of a series of inflammatory factors in the placenta, which in turn 

leads to vascular endothelial damage, vasoconstriction, and increased 

blood pressure, a condition that eventually develops into preeclampsia [2, 

6]. Many studies have shown that the level of sFLT1 in the serum of 

women with preeclampsia is elevated. Subsequently, Levine et al. [5] 

showed that the serum sFLT1 level is correlated with the disease severity 

and decreases after it subsides. Studies have shown that placental sFLT1 

is one of the most important placental factors causing maternal endothelial 

dysfunction. 

Pathogenesis: 

Mechanism of endothelial dysfunction caused by inhibition 

of the VEGF signaling pathway 

The mechanism of endothelial dysfunction in women with preeclampsia 

due to increased levels of sFLT1 in the circulation is still unclear. Direct 

administration of VEGF will increase the release of nitric oxide (NO) in 

the vascular endothelium and cause nitric oxide-dependent hypotension 

in the body. Vascular endothelial growth factors can stimulate the 

production of NO by upregulating the expression of nitric oxide synthase 

(NOS) in epithelial cells. Studies have shown that VEGF can also induce 

the synthesis of prostacyclin (PGI2) [8]. NO activates soluble guanylate 

cyclase (sGC), leading to cGMP synthesis. PGI2 activates adenylate 

cyclase (AC) and increases cAMP synthesis. Both cGMP and cAMP can 

reduce the intracellular Ca2+ concentration, which can cause smooth 

muscle relaxation and vasodilation [9]. There is evidence that VEGF 

inhibitory therapy has a dose-dependent activation effect on endothelin 1 

(ET-1) [10]. ET-1 is the most effective vasoconstrictor, and the level of 

ET-1 in women with preeclampsia is significantly higher than that in 

normal pregnant women; thus, ET-1 may be involved in the onset of 

preeclampsia. 

The mechanism of upregulation of sFLT1 produced by 
trophoblasts: 

The mechanism of upregulation of sFLT1 in the placenta is currently 

unclear. Some studies have reported that the hypoxic environment caused 

by abnormal placenta stimulates the production of sFLT1. According to 

this view, in both in vivo and in vitro models of human placenta, elevated 

hypoxia-inducible factor 1α (HIF1α) resulted in the upregulation of 

sFLT1[11]. Mitochondrial dysfunction leads to reactive oxygen 

generation and oxidative stress, which may contribute to the production 

of sFLT1[12]. 

Complement system and angiogenesis imbalance 

The immune complement system can resist pathogens, but excessive 

activation can lead to diseases such as hemolytic uremic syndrome. There 

is a large amount of evidence that complement activation is related to the 

pathogenesis of preeclampsia. Some research findings have further 

confirmed the role of complement activation in the pathogenesis of 

preeclampsia. Elevated levels of C5b-9 in the urine of women with 

preeclampsia serve as a useful biomarker to distinguish preeclampsia 

from other hypertensive diseases [13]. In recent years, many reports have 

shown the mechanism that may link the complement system to the 

imbalance of angiogenesis. Among them, placental complement 

activation and damage are increased in preeclampsia and are related to the 

expression of sFLT1[14]. Another study reported that HTR-8/Svneo 

human extravillous trophoblast cells treated with C5a significantly 

increased the expression of sFLT1 at the mRNA level while reducing the 

mRNA level of PlGF [15], indicating that complement activation can 

affect angiogenesis and lead to the onset of preeclampsia. 

Preeclampsia prevention 

Low-dose aspirin 

The role of aspirin in the primary or secondary prevention of preeclampsia 

has long been an important clinical concern [16]. In preeclampsia, platelet 

production of TXA2 (thromboxane A2: platelet activator and 

vasoconstrictor) increases, while endothelium production of PGI2 

(prostacyclin) decreases. Both TXA2 and PGI2 are synthesized from 

arachidonic acid by cyclooxygenase (COX). Although low-dose 

acetylsalicylic acid (aspirin) irreversibly blocks COX, the endothelium 

can restore PGI2 production by synthesizing COX de novo. Aspirin has 

angiogenic properties by preventing the production of sFLT1 in human 

trophoblasts and increasing the production of PlGF in trophoblasts [17]. 

Recent studies have shown that aspirin enhances cell invasiveness and 

inhibits the production of sFlt-1 in trophoblasts [16]. In addition, sFlt-1 

itself can also inhibit the invasion of trophoblasts, indicating that the 

preventive effect of aspirin on pre-eclampsia may be exerted through 

these two mechanisms. 

Low-dose aspirin plus heparin: 

Antiphospholipid syndrome (APS) is an autoimmune disease that causes 

patients with persistent antiphospholipid antibodies to have an increased 

risk of thrombosis or adverse obstetric events [18]. Among pregnant 

women with APS, one-third are women with preeclampsia. For a long 

time, low-dose aspirin plus heparin therapy has been the most effective 

regimen. Using this regimen can significantly improve maternal and 

perinatal outcomes [18]. To prevent preeclampsia with or without APS, a 

previous meta-analysis reported that heparin can improve the efficacy of 

low-dose aspirin [19]. However, subsequent trials have shown that 

heparin has no potential efficacy in preventing preeclampsia in high-risk 

patients without APS, indicating that heparin may only benefit some 

patients [20]. 

Clinical prediction and treatment strategy 

Disease prediction 

Currently, screening women at risk of preeclampsia during the first 

trimester has become an important area of clinical research. Although a 

large number of studies have shown that the level of sFLT1 in 

preeclampsia is not significantly related to the development of 

preeclampsia, in the prediction of preeclampsia, the level of PlGF in early 

pregnancy can provide the predictive value of preeclampsia [21]. In 

addition, it has been reported that the mean arterial pressure (MAP) and 

uterine artery pulsatility index (UtA-PI) are more convincing for the 

screening performance of preeclampsia. It has recently been reported in 

the literature that the sFLT-1/PlGF ratio can be used as an indicator for 

the development and evaluation of preeclampsia severity, providing 

objective evidence for the treatment of patients with preeclampsia and for 

the prediction of preeclampsia at low cost [22]. 

Prediction of adverse complications in pregnant women 
and the perinatal period 

Clinically, it is not uncommon for pregnant women without clinical 

manifestations of hypertension or proteinuria to have adverse 

complications related to preeclampsia. In contrast, a considerable number 

of women who meet the diagnostic criteria for preeclampsia do not have 

any adverse complications and can have a nearly full-term pregnancy. 

Therefore, a large amount of literature has studied the relationship 
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between the imbalance of maternal angiogenesis and the adverse 

complications related to preeclampsia. Among pregnant women 

suspected of having preeclampsia, the severity of the mother’s anti- 

angiogenic state more accurately predicts the adverse complications 

associated with preeclampsia. Another randomized controlled trial 

confirmed that the detection of PlGF levels can significantly improve the 

prognosis of pregnant women [23]. 

Regulation of the therapeutic potential of angiogenic 
factors 

A large number of basic studies have shown that regulating angiogenesis 

factors has therapeutic potential [24]. Studies have suggested that 

administering recombinant VEGF or PlGF and reducing the level of 

sFLT1 through RNA interference may have clinical therapeutic 

significance [25]. However, only one human trial has reported its clinical 

benefit by directly regulating the imbalance of maternal angiogenesis; that 

is, the use of dextran sulfate hemodialysis to remove sFLT1 can stabilize 

blood pressure and prolong pregnancy [26]. 

Preeclampsia and the future risk of cardiovascular disease 

Systemic vascular dysfunction is considered to be the outcome of the 

pathophysiology of preeclampsia. During normal pregnancy, maternal 

vascular resistance decreases, resulting in a slight decrease in blood 

pressure. However, in women with preeclampsia, due to systemic 

vascular dysfunction caused by systemic vascular disease, the vascular 

resistance of these pregnant women will not be reduced to the level of 

normal pregnant women [16]. Although the exact mechanism of systemic 

vascular disease caused by endothelial dysfunction is still unclear, studies 

have shown that abnormal matrix metalloproteinases (MMPs) and 

increased collagen deposition in the extracellular matrix (ECM) are 

thought to cause vascular remodeling. Insufficiency leads to an important 

role in systemic vascular dysfunction [27]. Bevacizumab's VEGF 

inhibitory therapy has also been proven to reduce endothelial-mediated 

vasodilation. In addition, these data indicate that even if the clinical 

symptoms of preeclampsia are relieved later, vascular dysfunction still 

exists, which suggests that it may be related to future cardiovascular 

disease risk. Additionally, studies have shown that through the use of 

several noninvasive vascular function tests and echocardiographic 

examinations, maternal endothelial and vascular dysfunction persists after 

delivery [28]. In addition, according to reports, less than 1% of the people 

whose sFLT1 level dropped to its pre-delivery value within 24 hours after 

delivery [29]. The sFLT1 level in women with preeclampsia is also 

elevated 5-8 years after delivery. Recent studies have shown that women 

with a history of preeclampsia/eclampsia have higher risks of subsequent 

diagnoses of diabetes, dyslipidemia, hypertension, congestive heart 

failure, and cerebrovascular disease [30]. Although the history of 

preeclampsia is now considered a risk factor for women suffering from 

cardiovascular disease later in life, how to improve the cardiovascular 

health of these women is still unclear. Further research is required to 

determine the monitoring and intervention strategies for these women. 

Conclusions: 

In the future, clinical treatment strategies to restore the imbalance of 

angiogenesis are expected to improve the complications of women with 

preeclampsia and extend the number of weeks of pregnancy. In addition, 

clarifying the pathophysiology and establishing effective screening and 

prevention strategies are expected to reduce the risk of cardiovascular 

disease in women with preeclampsia in the future. 
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