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Abstract
Preeclampsia is a hypertensive disorder in pregnancy characterized by placental malperfusion and subsequent multi-organ
injury. It accounts for approximately 14% of maternal deaths and 10–25% of perinatal deaths globally. In addition,
preeclampsia has been attracting attentions for its association with risks for developing chronic diseases in later life for both
mother and child. This mini-review discusses on latest knowledge on prediction, prevention, management, and long-term
outcomes of preeclampsia and also touches on association between COVID-19 and preeclampsia.
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Introduction

Hypertensive disorders of pregnancy (HDP) affect
approximately 10% of all pregnancies globally. HDP, par-
ticularly preeclampsia (PE), accounts for as high as 14% of
maternal mortality and results in 10–25% of perinatal
deaths. The 2019 Maternal Mortality update from the WHO
report noted the major contribution of PE and eclampsia to
worldwide maternal deaths. Since once it develops, termi-
nation is the only given way to ameliorate the symptoms of
PE, trials and cohort studies regarding PE, give insight into
the development of diagnostic and prognostic tools and
preventive care.

Prediction

It is important to provide early screening and identify
pregnant women at high risk who might benefit from pro-
phylactic agents [1]. The Fetal Medicine Foundation pro-
posed a Bayes theorem-based model to predict preterm PE
using a combination of maternal characteristics, medical
history, mean arterial pressure, uterine artery pulsatility
index, and serum placental growth factor (PlGF). This

model can predict ~90% of early PE cases, with delivery at
<32 weeks of gestation and 75% of preterm PE cases, with
delivery at <37 weeks of gestation [2, 3]. Recently, Yue
et al. have developed and validated a new nomogram for the
early prediction of PE in pregnant Chinese women [4]. This
nomogram included body mass index (BMI), blood pres-
sure (BP), uterine artery ultrasound parameters, and ser-
ological indicators and can be easily utilized to facilitate the
individualized prediction of PE.

Application of angiogenic and antiangiogenic bio-
markers into clinical practice will help reduce the con-
siderable burden of morbidity and mortality associated with
adverse pregnancy outcomes as a consequence of PE. PE is
associated with alteration of angiogenic and antiangiogenic
factors such as soluble fms-like tyrosine 1 (sFlt-1), soluble
endoglin (sENG) and PlGF [5–9] (Fig. 1). Quantification of
the sFlt-1/PlGF ratio, has been shown to be a useful bio-
marker test for aiding the diagnosis and short-term predic-
tion of PE [10]. PRediction of short-term Outcomes in
preGNant wOmen with Suspected PE Study (PROG-
NOSIS) proposed and validated sFlt-1/PIGF ratio cutoff of
38 to predict the development of PE in women with clinical
suspicion [11–13]. Furthermore, the sFlt-1/PlGF ratio test is
likely to lessen the avoidable hospitalization of women at
low risk of developing PE in the short term while identi-
fying high-risk individuals requiring appropriate manage-
ment [14].

Besides sFlt-1 and PlGF, several biomarkers have been
reported as candidate markers for predicting the develop-
ment of PE. The first trimester pregnancy-associated plasma
protein A can predict PE and superimposed PE in the third
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trimester [15]. Plasma cell-free DNA and human suppres-
sion of tumorigenesis served as diagnostic biomarkers for
gestational hypertension (GH) and PE [16]. Pentraxin 3, an
acute-phase protein which is produced and released in
response to inflammatory stimuli, has been proposed as a
novel biomarker predicting placental failure [17] and was
also associated with PE [18]. Using an effective peptidomic
analysis, Wakabayashi et al. identified seven circulating
HDP-associated peptides (P-2081, P-2091, P-2127, P-2209,
P-2378, P-2858, and P-3156) and proposed them as bio-
markers for the diagnosis of HDP [19]. Interestingly, they
have also investigated that these peptides are possible bio-
markers for discriminating cardiovascular risk even in
general population [20].

Prevention

Low-dose aspirin is highly promising for the prevention of PE
and is extensively studied. The American College of Obste-
tricians and Gynecologists (ACOG), International Society for
the Study of Hypertension in Pregnancy (ISSHP), National
Institute for Health, and Care Excellence, Japan Society for the

Study of Hypertension in Pregnancy (JSSHP) recommend
initiation of low-dose aspirin in women with high risk factor to
reduce the risk of PE [21–23]. A systematic review established
benefits of low-dose aspirin taken during pregnancy [24].
Aspirin use was significantly associated with lower risk of PE,
perinatal mortality, preterm birth, and intrauterine growth
restriction. According to the guideline proposed by the ACOG
in 2018 [23], chronic hypertension (CH) is one of the risk
factors for the development of PE, and aspirin is recommended
for this group of patients. However, incidence of superimposed
PE was not significantly different in the pre-ACOG group and
post ACOG group, indicating that aspirin did not reduce the
incidence of superimposed PE in patients with CH. Aspirin
decreases the risk of PE, but its effectiveness in women with
CH remains controversial [25]. Aspirin is preferably started
before 16 weeks of gestation and continued until delivery.
However, initiation of aspirin may complicate peripartum
bleeding, which could be mitigated by discontinuing aspirin
earlier. Recent multicenter, randomized trial showed that
aspirin discontinuation at 24 to 28 weeks of gestation is non-
inferior to aspirin continuation for preventing preterm PE in
individuals at high risk of PE and a normal sFlt-1/PlGF ratio
between 24 weeks 0 days and 27 weeks 6 days of gestation.

Preeclampsia up to date—What’s going on? 1901

Graphical Abstract
HTN hypertension, HDP hypertensive disorders of pregnancy, PE preeclampsia, BP blood pressure, cfDNA cell-free DNA,
ST2 human suppression of tumorigenesis 2, sFlt-1 soluble fms-like tyrosine kinase-1, PIGF placental growth factor, VEGF
vascular endothelial growth factor, VEGFR VEGF receptor, TGFβ transforming growth factor β, ENG endoglin, sENG
soluble ENG, PRES posterior reversible encephalopathy syndrome, AKI acute kidney injury, CVD cardiovascular disease,
ESKD end-stage kidney disease, ACE angiotensinogen converting enzyme, Ang angiotensin.



The properties and mechanisms of action of statins make
them candidates for the prevention of PE. In a meta-ana-
lysis, which included 10 studies describing 1391 women
with uteroplacental insufficiency disorders: 703 treated with
pravastatin and 688 not treated with statins, pravastatin
prolonged pregnancy duration and improved associated
obstetrical outcomes in pregnancies complicated with uter-
oplacental insufficiency disorders [26]. In contrast, 1120
women with singleton pregnancies at high risk of term PE
were randomly assigned to receive pravastatin at a dose of
20 mg/d or placebo from 35 to 37 weeks of gestation until
delivery or 41 weeks. Pravastatin in women at high risk of
term PE did not reduce the incidence of delivery with PE
[27].

Management

In 2017, the American College of Cardiology/American
Heart Association hypertension (ACC/AHA) treatment
guidelines identified hypertension as BP ≥ 130/80 mmHg.
However, the reference BP for hypertension during preg-
nancy as specified in international guidelines [eg. ISSHP
[22], ACOG [28, 29]], is ≥140/90 mmHg (Fig. 2). In Japan,
guidelines of Japanese Society of Hypertension and JSSHP,
both define hypertension as BP ≥ 140/90 mmHg whether the

patient is pregnant or not [21, 30, 31]. Respecting BP
control, from a preventive point of view, understanding the
importance of preconception BP is of particular interest. It is
relatively easy to intervene before pregnancy, and further-
more, this may have a greater impact on gestational out-
come. In previous study, preconception BP and its change
into early pregnancy was evaluated as risk markers for the
development of HDP. Among 586 women with a pregnancy
>20 weeks’ gestation, preconception BP levels were higher
for preterm PE, term PE, and GH as compared with no HDP
[32]. In large cohort study, which examined whether high
BP in the preconception period was associated with GH and
PE, when participants with normal BP were used as the
reference, the adjusted ORs for GH were 1.48, 1.70, and
1.29, and for PE, the adjusted ORs were 1.55, 1.95, and
1.99 for the participants with prehypertension (SBP
120–139 mmHg or DBP 80–89 mmHg), stage 1 hyperten-
sion (SBP 140–159 mmHg or DBP 90–99 mmHg), and
stage 2 hypertension (SBP ≥ 160 mmHg or DBP ≥
100 mmHg), respectively [33]. These results support an
association between hypertension and also prehypertension
prior to pregnancy and an increased risk of GH and PE.

Target BP during pregnancy differs between guidelines.
ISSHP recommends that BP ≥ 140/90 mmHg should be
treated with a goal BP 110–140/85 mmHg, while ACOG
recommends antihypertensive medications when BP ≥ 160/

Fig. 1 Alteration of angiogenic and antiangiogenic factors in preeclampsia
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110 mmHg with goal BP below this threshold. JSSHP
recommends to initiate antihypertensive medications when
BP ≥ 140/90 mmHg for CH and BP ≥ 160/90 mmHg
(depending on the situation, ≥140/90 mmHg) for other
categories of HDP and to set target BP depending on the
conditions of each case [21]. Studies reported that women in
a low-risk cohort with stage 1 hypertension defined as
130–139 mmHg/80–89 mmHg, according to the ACC/
AHA, are more likely to develop PE than women with
normotensive in the early gestation. Based on the rando-
mized controlled trial in China, the authors investigated
whether PE was more likely to occur in stage 1 hypertensive
women compared to the normotensive pregnant women
between gestational age 12–20 weeks, in a high-risk cohort
[34]. This subanalysis have revealed that stage 1 hyper-
tension might be an additional risk factor for PE in high-risk
pregnant women, and aspirin intervention might be useful in
preventing PE. A meta-analysis established that the cate-
gory of elevated BP had a risk ratio of 2.0 (95% prediction
interval, 0.8–4.8), the stage 1 hypertension category had a
risk ratio of 3.0 (95% prediction interval, 1.1–8.5), and the
stage 2 hypertension category had a risk ratio of 7.9 (95%
prediction interval, 1.8–35.1) [35]. However, none of the
systolic BP measurements of <120 mmHg, <130 mmHg, or
<140 mmHg were useful to rule out the development of PE.
Another meta-analysis investigated that BP ≥ 120/
80 mmHg, particularly ≥130/80 mmHg, at <20 weeks of
gestation, is associated with increased maternal and peri-
natal risks and the authors proposed new BP categories in
pregnancy as normal (<120/80), high normal (120–129/
< 80), and elevated (130–139/80–89) [36]. One retro-
spective study has shown that systolic BP < 130 mmHg
within 14 weeks of gestation reduced the risk of developing
early-onset superimposed PE in women with CH [37]. The
benefits and safety of the treatment of mild hypertension
(BP, <160/100 mm Hg) during pregnancy are still uncer-
tain. Data are needed on whether a strategy of targeting a
BP of less than 140/90 mmHg reduces the incidence of

adverse pregnancy outcomes without compromising fetal
growth.

Nifedipine, labetalol, and hydralazine alone or in com-
bination are presently recommended by ACOG for the acute
lowering of severe BP (≥160 mm Hg systolic and/or
≥110 mm Hg diastolic) in pregnancy [38]. A randomized
controlled trial demonstrated that oral antihypertensives,
methyldopa, nifedipine, and labetalol, all reduced BP in
severe range to the reference range in most women [39]. As
single drugs, nifedipine retard use resulted in a greater
frequency of primary outcome [BP control (defined as
120–150 mm Hg SBP and 70–100 mm Hg DBP) within 6 h
with no adverse outcomes.] attainment. A meta-analysis
demonstrated that all commonly prescribed oral anti-
hypertensives (labetalol, other β-blockers, methyldopa,
calcium channel blockers, and mixed/multi-drug therapy)
versus placebo/no therapy reduced the risk of severe
hypertension by 30 to 70% in nonsevere pregnancy
hypertension [40]. In addition, labetalol decreased protei-
nuria/PE and fetal/newborn death compared with placebo/
no therapy, and proteinuria/PE compared with methyldopa
and calcium channel blockers.

Currently, magnesium sulfate (MgSO4) is the primary
treatment option and it is administered prophylactically to
women with severe PE who are at risk of developing
eclampsia. While MgSO4 is effective in preventing sei-
zures, it is not as effective in reducing hypertension or other
maternal organ injuries such as proteinuria in PE patients.
Therefore, finding a therapeutic agent that improves multi-
ple PE symptoms is urgent. In rat model, cyclosporin A
(CsA) effectively attenuated PE manifestation and
eclampsia-like seizure severity. In addition, CsA treatment
significantly reduced the inflammatory cytokine levels and
improved pregnancy outcomes following eclampsia-like
seizures. The decreased inflammatory cytokines in PE are
coincident with attenuated PE manifestation, suggesting
that CsA treatment might decrease the PE severity through
decreasing systemic inflammation [41]. Crocin, a

Fig. 2 Management of
preeclampsia
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hydrophilic carotenoid pigment, is a major compound with
pharmacological activities found in Crocus sativus L. (saf-
fron). Crocin alleviated inflammatory and oxidative stress in
placental tissues, thereby protecting against GH, one of the
major phenotypes of PE, and activated the Nrf-2/HO-1
pathway [42].

In women with a PE at term, immediate delivery reduces
the risk of adverse maternal outcomes or progression to
severe disease without affecting neonatal outcomes. How-
ever, in women with a PE diagnosed before term, benefits of
delivery for the mother need to be weighed against the
adverse consequences of iatrogenic preterm birth for the
infant. In women with late preterm PE, the optimal time for
termination is unclear because limitation of maternal disease
progression needs to be balanced against infant complica-
tions. A randomized controlled study has shown that inci-
dence of maternal death and severe hypertension was
significantly lower in the planned delivery group compared
with the expectant management group. However, planned
delivery led to more neonatal unit admissions for the infant,
principally for a listed indication of prematurity and without
an excess of respiratory or other morbidity, intensity of care,
or length of stay. This trade-off should be circumspectly
discussed with women with late preterm PE to decide the
optimal timing of delivery [43].

Long-term outcomes

Women with history of PE have increased cardiovascular
disease (CVD) risk. Pregnancy has been labeled as a stress
test which reveals women with cardiovascular dysfunction
or poor reserve [44, 45]. A rise of 10-year maternal CVD
risk is associated with PE, while those with sustained
hypertension after delivery have a two-fold increase in the
risk of developing CVD in the next 10–30 years. Adverse
pregnancy outcomes (APO) including PE, occur in 10 to
20% of all pregnancies and are also associated with a 1.8- to
4.0-fold risk of future CVD [46, 47]. Women with a history
of HDP are reported to have stiffer arteries and have a 2–5
times higher risk of hypertension in later life, compared to
normotensive gestations [48, 49]. Association between HDP
and later hypertension was reported to be stronger in younger
women and in obese women in the 30–70 age group [50].
Additionally, PE is considered a risk factor for chronic dis-
eases such as hypothyroidism, diabetes mellitus and dysli-
pidemia, each of which independently increases the incidence
of cardiovascular morbidity [45]. PE was included as a “risk-
enhancer” in the updated 2018 cholesterol guideline [51] and
in the 2019 ACC/AHA Guideline on the Primary Prevention
of Cardiovascular Disease [52]. The ACOG recommends that
women with APO undergo cardiovascular risk screening
within 3 months postpartum [53].

Data from the Stroke Prevention in Young Women Study
showed that women with a history of PE are 60% more
likely to suffer from ischemic stroke after multivariable
adjustment [54]. Studies from the World Health Organiza-
tion also showed an increased risk of hemorrhagic stroke
[55] and venous thromboembolism [56] in women with
history of hypertension in pregnancy. Prior PE is also
associated with an increased risk for the development of
end-stage kidney disease. A meta-analysis of 2,309,946
women(among whom 103,308 women with PE) demon-
strated that history of PE also increases the risk of vascular
dementia [57].

The mechanisms responsible for these associations remain
unclear. One possible mechanism maybe the presence of
remaining angiotensin II type 1 receptor agonistic autoanti-
body (AT1-AA) postpartum. AT1-AAs are elevated in
women with PE. AT1-AA binds to angiotensin II type 1
receptor (AT1R) and increases AT1R activity, intracellular
calcium levels, and activation of intracellular mitogen acti-
vated protein kinase/extracellular signal regulated kinases
(MAPK/ERK) pathways. Previous study reported that −18%
of postpartum PE women have elevated circulating AT1-
AAs 1 year after delivery [58]. These women with elevated
AT1-AAs had increased sFlt-1, decreased free VEGF, and
higher insulin resistance compared with autoantibody nega-
tive women and these correlations may suggest a mechanism
by which women with PE have increased risks of severe
complications later in life. JSSHP recommends to explain to
women with a history of HDP that they have a higher risk of
developing subsequent lifestyle diseases and cerebrovascular/
cardiovascular diseases and that regular follow-up and life-
style intervention guidance can reduce the incidence [21].

Preterm delivery is associated with long-term neurode-
velopmental problems in the offspring. Zwertbroek et al.
found that early delivery in women with late preterm HDP
is associated with poorer neurodevelopmental outcomes in
their children at 2 years of age [59]. These findings indicate
an increased risk of developmental delay after early delivery
compared to expectant monitoring. The infant from a PE
pregnancy also appears at increased risk for CVD [60].
Infants of mothers with PE have higher BP during young
adulthood and an increased risk for stroke in later life [61].
Other differences have also been shown, including
increased BMI [62] and hormonal changes.

COVID-19

Pregnancy could potentially affect the susceptibility to and
the severity of COVID-19 and pregnant women are at an
increased risk of mortality and morbidity due to COVID-19.
In addition, what we need to be aware of is that although
pregnant women are less likely to complain of the
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symptoms of COVID-19, they are more than twice as likely
to require critical care or mechanical ventilation than non-
pregnant women [63]. Kalafat et al. have proposed that the
mini-model which includes the maternal age, BMI, and
pregnancy trimester can be used to estimate the risk of
developing critical COVID-19 before disease onset. The
addition of inflammatory markers to maternal BMI at the
time of diagnosis can accurately predict critical COVID-19,
PE, and the progression time from diagnosis to clinical
deterioration [64].

Although few cases of intrauterine transmission of
SARS-CoV-2 have been documented, it appears to be rare
[65]. It is possibly related to low levels of SARS-CoV-2
viremia and the decreased coexpression of angiotensin-
converting enzyme (ACE) 2 and transmembrane serine
protease 2 which is needed for SARS-CoV-2 entry into cells
in the placenta. However, evidence is accumulating that
SARS-CoV-2 infection is associated with a number of
adverse pregnancy outcomes including PE, preterm birth,
and stillbirth [66]. This tendency is reported to be observed
especially among pregnant women with severe COVID-19
disease, but one large, longitudinal, prospective, observa-
tional study assessing the effect of COVID-19 during
pregnancy on mothers and neonates have shown that
COVID-19 severity does not seem to be a factor in this
association [67]. Additionally, besides the direct impact of
COVID-19 on pregnancy outcomes, there is evidence that
the pandemic and its effects on healthcare systems have had
detrimental effects on pregnancy outcomes even among
pregnant women not infected with SARS-CoV-2 [68].

Also, some severe cases of COVID-19, patients present
with PE-like symptoms (Fig. 3). PE mimicry by COVID-19
was confirmed following the alleviation of PE symptoms
without delivery of placenta [69]. In COVID-19, ACE 2
function decreases and subsequently Ang (angiotensin) II
activity increases [70]. Although COVID-19 shows an

increase in the sFlt-1/PlGF ratio due to pathologic Ang II/
Ang (1–7) imbalance like PE [71], sFlt1/PlGF ratio did not
correlate with the severity [72]. Most experts believe that
SARS-Cov-2 is likely to become endemic, the continued
collection of data on the effects of COVID-19 during
pregnancy are needed.

Future perspectives

Pregnancy period is said to be a window where we can catch
a glimpse of woman’s future. Though the symptoms of PE
manifest typically in late pregnancy, fundamental alteration
that underlies exists earlier in pregnancy or even pre-
conceptionally and lasts throughout life. Earlier prediction,
prevention and longer follow up is necessary for compre-
hensive management of PE. There is much to be done to
decrease PE related maternal and fetal deaths and also to
reduce maternal risks for chronic diseases in later life.
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