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Introduction
Fetal growth restriction (FGR) is a condition that affects 5-10% 

of pregnancies and is one of the most common causes of perinatal 
mortality and morbidity [1]. FGR may be classified as early or 
late depending on the time of diagnosis. Early FGR (<32 weeks) 
is associated with critical alterations in placental implantation 
leading to increased hypoxia. Perinatal morbidity and mortality 
rates are high. Late FGR (≥32 weeks) presents with slight 
deficiencies in placentation, leading to mild hypoxia; perinatal 
morbidity and mortality rates are relatively lower. There are many 
causes of FGR, including normal variant, chromosomal aberration, 
TORCH infection, umbilical cord abnormality, thrombophilia, 
preeclampsia, and others. Among them, preeclampsia affects 
approximately 5-10% of pregnant women. As preeclampsia is 
associated with placental dysfunction, it is often accompanied by 
FGR.

Discussion
Preeclampsia and FGR

Preeclampsia is one of the major problems in the perinatal 
period. Preeclampsia is a complex medical disorder; worldwide, it 
is responsible for >500 000 fetal and neonatal deaths and >70 000 
maternal deaths each year [2]. Thus far, many studies have been  

 
conducted attempting to elucidate its pathogenesis and improve 
therapy. However, the fundamental treatment of preeclampsia is 
still the termination of pregnancy, which leads to an increase in 
preterm birth. Preterm birth is another major problem in obstetrics 
and neonatology. In 2017, Nicolides and colleagues reported that 
aspirin had a preventive effect on the onset of preeclampsia. By 
administering 150 mg of aspirin to pregnant women in the high-
risk group, the incidence of preeclampsia onset before 37 weeks 
was reduced by approximately 60% compared to the control 
group. However, aspirin did not improve the incidence of birth 
weight less than the 3rd, 5th, and 10th percentile compared with 
the placebo group [3].

Statins
Statins are drugs that lower the level of low-density lipoprotein 

cholesterol in the serum by inhibiting 3-hydroxy-3-methylglutaryl-
coenzyme reductase, which plays a critical role in the synthesis 
of endogenous cholesterol. Currently, six types of statins are 
used: natural (lovastatin, pravastatin, and simvastatin) and 
synthetic (atorvastatin, fluvastatin, and rosuvastatin). Recently, 
the pleiotropic effects of statins were reported [4]. The numerous 
cholesterol-independent effects of statins are associated with 
huge therapeutic potential. For example, angiogenesis is promoted 
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at the sites of ischemia by improvement in the regeneration of 
vascular endothelium [5].

FGR and preeclampsia model mice 
Among the six currently used statins, we chose pravastatin 

as a treatment for preeclampsia and its associated FGR. First, 
we created preeclampsia model mice. In this model, the placenta 
became smaller and the placenta showed impaired vasculogenesis. 
Furthermore, the model mice also developed FGR, which is 
often accompanied by preeclampsia. When we intraperitoneally 
administered pravastatin to this mouse model, in addition to 
improvement in hypertension, vasculogenesis of the placenta and 
FGR improved. In pravastatin-administered PE mice, serum sFlt1 
level, a key factor in PE onset, declines and serum PlGF level, which 
is thought to be important for placenta formation, increases [6].

Experiments administering pravastatin to other preeclampsia 
model mice have also been reported by other groups. For example, 
systemic administration of adenoviral vectors expressing sFlt-
1 to mice resulted in preeclampsia [7]. Interestingly, pravastatin 
improved the vascular reactivity in this murine model of PE and 
decreased sFlt-1 levels [7]. Using this same model of PE induced 
by general overexpression of sFlt-1, other authors suggested 
that pravastatin’s ability to prevent the preeclamptic phenotype 
may be mediated through pleiotropic mechanisms involving 
a prosurvival/antiapoptotic mitogen-activated protein kinase 
pathway in trophoblasts [8]. Saad AF, Costantine MM, and 
colleagues revealed that pravastatin treatment in sFlt-1 mice 
reduced serum sFlt-1 levels at day 18 to a level similar to that 
of the control group. Placental PlGF and VEGF expression were 
upregulated, and markers of hypoxia downregulated to levels 
similar to those of control group [9]. In the model, pravastatin 
improved serum levels of sFlt-1.

Clinical research
Despite progress in preeclampsia research and related 

FGR using animal models, clinical application of pravastatin in 
pregnant women has not progressed significantly. Because statins 
are classified as category X by the Food and Drug Administration 
(FDA), use of statins for pregnant women has been limited.

Over the previous ten years, reports on pregnant women 
taking pravastatin have accumulated. In addition, although 
pravastatin has been administered to a small number of high-risk 
pregnant women for several years, randomized controlled trials 
have not been reported. Statins were classified as category X by 
the FDA in 1979, therefore it has been difficult to use pravastatin 
for the prevention of pregnancy hypertension syndrome. However, 
based on accumulated data, pravastatin hasn’t been shown to be 
teratogenic [10,11]. There are also reports that abnormalities 
have not increased among infants born from pregnant women 
who took pravastatin for reasons such as unknown pregnancy. 
Bateman and colleagues reported that, in a cohort study of 890 000 
people in the United States, approximately 1200 pregnant women 

ingested statins in the early pregnancy period, representing the 
period of organogenesis, and the incidence of teratogenicity did 
not increase [12]. 

Other groups have reported similar results [13,14]. Further-
more, in 2015, the FDA abolished the traditional category clas-
sification because it did not comply with the actual situation of 
drug use. Costantine and colleagues examined the dynamics of 
cholesterol in humans by consulting with the FDA and administer-
ing pravastatin at a dose of 10mg/day to a preeclampsia high-risk 
group. As a result, although the blood cholesterol concentration in 
the mother decreased with pravastatin administration, little dif-
ference was observed in the cholesterol concentration in the um-
bilical cord blood [15]. In this report, the occurrence of preeclamp-
sia was 5 out of 10 patients in the placebo group versus 0 of out 
10 patients in the placebo group. Birth weights were 2877g±630g 
in the placebo group and 3018±260g in the pravastatin group. 
The pravastatin group was associated with larger birth weight. 
Furthermore, this study reported that pravastatin administration 
lowered serum sFlt1 level and increased serum PlGF level. These 
results suggest that pravastatin contributed to maintenance and 
improvement of placental function. Furthermore, Girardi and col-
leagues showed that pravastatin was effective in cases with PE 
onset despite LDA + heparin administration in pregnant women 
with APS. The median number of gestational weeks until delivery 
in the LDA + heparin control group was 26.5 weeks, whereas in the 
pravastatin group it was extended to 36 weeks. The median birth 
weight was 900g in the control group and 2390g in the pravastatin 
group. In both the control group and the pravastatin group, the 
median birth weight was out of the FGR range at each gestation-
al week. In the control group, the mean uterine artery pulsatility 
index (PI) was above the 95th percentile. Therefore, in the LDA 
+ heparin group, if pregnancy continued, the fetus was expected 
to develop FGR and IUFD. In the pravastatin group, PI values de-
creased after pravastatin treatment. 

Conclusion
Research on pravastatin for the prevention and treatment 

of preeclampsia and related FGR has been performed with 
animal models. Furthermore, its safety was verified by the 
accumulation of outcome data from pregnant women taking 
statins. Pharmacokinetic data of pravastatin has been examined 
with the administration of pravastatin to a small number 
of pregnant women at high risk of preeclampsia and FGR. 
Furthermore, prophylactic and therapeutic effects have been 
confirmed by administration of pravastatin to high risk pregnant 
women. It is expected that the timing and target of pravastatin 
administration will be studied in the future. Furthermore, large 
scale clinical studies will verify whether pravastatin will be a 
powerful prophylactic and therapeutic agent for preeclampsia 
and related FGR. Pravastatin has the potential to improve the 
prognosis of many pregnant women, fetuses, and neonates at risk 
of preeclampsia and FGR.
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