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Abstract

Context: Preeclampsia prevention is important for reducing maternal mortality and morbidity worldwide. Recent studies have explored the use of to prevent
preeclampsia and improve maternal, perinatal, or neonatal outcomes. However, the results are still debatable.

Aims: To evaluate the role of pravastatin in the prevention of preeclampsia in pregnant women.

Methods: This study is a systematic review and meta-analysis of randomized controlled trials (RCTs) involving studies with healthy pregnant women receiving
pravastatin vs. control to observe the risk of preeclampsia. Literature searching was conducted in PubMed, Science Direct, EBSCO/CINAHL, PROQUEST, and
SCOPUS. Statistical analyses were performed using the Review Manager 5.4.1 software.

Results: Five studies were initially identified for meeting the inclusion criteria; 2 studies were treatment studies and had to be excluded, and one small study
only used pravastatin for a few weeks, leaving only two studies for statistical analysis. Administration of pravastatin was associated with a reduced risk of
preeclampsia (OR: 0.51; 95% Cl: 0.29-0.90; p= 0.02) and preterm delivery (OR: 0.31; 95% Cl: 0.16-0.58; p<0.01). The risk of preeclampsia with severe features
and small for gestational ages was not different. Only one study (INOVASIA) reported on preterm preeclampsia, prophylactic pravastatin was associated with
a marked and significant reduction of preterm preeclampsia rates (OR: 0.034; 95% Cl: 0.202-0.905). Pregnant women receiving pravastatin had better
perinatal outcomes in terms of birthweight, Apgar scores, NICU admission, length of stay, and respiratory distress syndrome.

Conclusions: Pravastatin has the potential to prevent the occurrence of preeclampsia, premature birth, and perinatal morbidity in pregnant women. However,
it is necessary to conduct more RCTs with a larger sample size and appropriate follow-up of the offspring to further examine the efficacy of pravastatin in
preeclampsia prevention.
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Resumen

Contexto: La prevencion de la preeclampsia es importante para reducir la mortalidad y morbilidad maternas en todo el mundo. Estudios recientes han
explorado el uso de para prevenir la preeclampsia y mejorar los resultados maternos, perinatales o neonatales. Sin embargo, los resultados son todavia
discutibles.

Objetivos: Evaluar el papel de la pravastatina en la prevencién de la preeclampsia en mujeres embarazadas.

Métodos: Este estudio es una revision sistematica y metaanalisis de ensayos controlados aleatorizados (ECA) que incluyen estudios con mujeres embarazadas
sanas que reciben pravastatina frente a control para observar el riesgo de preeclampsia. La blisqueda bibliografica se realizé en PubMed, Science Direct,
EBSCO/CINAHL, PROQUEST y SCOPUS. Los analisis estadisticos se realizaron con el programa informatico Review Manager 5.4.1.

Resultados: Inicialmente se identificaron cinco estudios que cumplian los criterios de inclusion; 2 estudios eran de tratamiento y tuvieron que ser excluidos, y
un estudio pequefio sélo utilizd pravastatina durante unas pocas semanas, por lo que sélo quedaron dos estudios para el andlisis estadistico. La
administracion de pravastatina se asocié con un menor riesgo de preeclampsia (OR: 0,51; IC 95%: 0,29-0,90; p=0,02) y de parto prematuro (OR: 0,31; IC 95%:
0,16-0,58; p<0,01). El riesgo de preeclampsia con caracteristicas graves y de parto pequefio para la edad gestacional no fue diferente. S6lo un estudio
(INOVASIA) informé sobre la preeclampsia pretérmino, la pravastatina profilactica se asocidé con una reduccién marcada y significativa de las tasas de
preeclampsia pretérmino (OR: 0,034; IC 95%: 0,202-0,905). Las embarazadas que recibieron pravastatina tuvieron mejores resultados perinatales en cuanto a
peso al nacer, puntuaciones de Apgar, ingreso en la UCIN, duracién de la estancia hospitalaria y sindrome de dificultad respiratoria.

Conclusiones: La pravastatina tiene el potencial de prevenir la aparicién de preeclampsia, parto prematuro y morbilidad perinatal en mujeres embarazadas.
Sin embargo, es necesario realizar mas ECA con un mayor tamafio muestral y un seguimiento adecuado de la descendencia para examinar mas a fondo la
eficacia de la pravastatina en la prevencidn de la preeclampsia.

Palabras Clave: mujeres embarazadas; pravastatina; preeclampsia; prevencidn; salud materna.
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INTRODUCTION

Preeclampsia affects between 2 and 8% of preg-
nant women and is one of the leading causes of ma-
ternal and perinatal mortality worldwide (ACOG,
2019; Brown et al., 2018; Poon et al., 2019). Preeclamp-
sia is the cause of maternal and perinatal death glob-
ally, accounting for nearly 70,000 maternal deaths and
500,000 perinatal deaths each year (Espinoza et al,
2020; Lambert et al., 2014; Phipps et al., 2016; Rana et
al., 2019; Redman and Staff, 2015; Robillard et al.,
2014). Preeclampsia may also result in maternal prob-
lems, such as eclampsia, cerebral bleeding, severe
renal failure, pulmonary edema, and the HELLP syn-
drome (hemolytic, high liver enzyme, and low plate-
let count). Preeclampsia causes a high rate of fetal-
neonatal mortality due to fetal growth restriction,
stillbirth, and problems associated with iatrogenic
prematurity (Burton et al., 2019; Phipps et al., 2016;
Rana et al., 2019; Sibai et al., 2005; Smith and Costan-
tine, 2022). Preeclampsia prevention is the most effec-
tive strategy for reducing maternal and perinatal mor-
tality and morbidity. Aspirin is considered the prima-
ry medicine for preventing preeclampsia (Atallah et
al., 2017; Henderson et al., 2014; Roberge et al., 2018;
Rolnik et al., 2022; Shanmugalingam et al., 2019;
Wright et al., 2017). However, the various recent sys-
tematic reviews and meta-analysis, highlight some
limitations in the efficacy of aspirin in preventing
preeclampsia (Atallah et al., 2017; Roberge et al., 2018;
Rolnik et al., 2022). Although low dose aspirin almost
halves the rate of early-onset preeclampsia, it does not
‘eradicate’ the disease, and it does not affect term
preeclampsia (Atallah et al., 2017; Rolnik et al., 2022;
Wallenburg et al., 1986). In addition, low-dose aspirin
needs to be started before 16 weeks (Roberge et al.,
2018; Seidler et al., 2018). To improve the efficacy of
aspirin in preventing preeclampsia, researchers have
begun to investigate additional agents (Bakouei et al.,
2020; Brownfoot et al., 2016, Costantine and Cleary,
2013; Katsi et al., 2017; Khaing et al., 2017; Ma’ayeh et
al., 2020; Marrs and Costantine, 2017; Smith and Cos-
tantine, 2022).

Statins are a class of cholesterol-lowering medi-
cines used to treat hypercholesterolemia (Antonopou-
los et al., 2012a; 2012b; Lecarpentier et al., 2012). The
Food and Drug Administration (FDA) formerly classi-
fied statins as category X, which means they are con-
traindicated during pregnancy (Kazmin et al., 2007;
Lecarpentier et al., 2012; Ofori et al., 2007; Zarek and
Koren, 2014). However, animal and human research
to date has not demonstrated an elevated risk of con-
genital disabilities/congenital abnormalities as a re-
sult of statin exposure in utero (Karalis et al., 2016;
Kazmin et al., 2007; Ofori et al., 2007). The argument
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for using statins for preeclampsia prevention is based
on animal research demonstrating that pravastatin (3-
hydroxy-3-methylglutaryl = coenzyme-A reductase
inhibitor) has a protective effect on the uteroplacental
interface and vascular cells (Ahmed and Ramma et
al., 2015; Ramma and Ahmed, 2014). Pravastatin has
pleiotropic effects that may be advantageous in pre-
venting preeclampsia, including immunomodulatory
and anti-inflammatory properties, as well as a reduc-
tion in free oxygen radical production and smooth
muscle cell proliferation (Cindrova-Davies, 2014;
Katsi et al.,, 2017, Ramma and Ahmed, 2014; Smith
and Costantine, 2022; Vahedian-Azimi et al., 2021).
The 2014 systematic review and meta-analysis of
pregnancy outcomes following first-trimester statin
exposure (all studies published up to 2013) yielded
favourable conclusions in term of congenital anoma-
lies risk (Zarek and Koren, 2014). On July 20, 2021, the
FDA requested the removal of its warning against
statin usage during pregnancy (FDA, 2022). Among
the statin groups, pravastatin has been investigated
more extensively than the other statins due to its
pregnancy safety profile (Edison and Muenke, 2004).
In comparison to other statins, pravastatin is likely to
be the least harmful to fetal development due to its
hydrophilic activity, minimal tissue penetration, and
lack of toxic reproductive effects in animal studies.
No congenital anomalies were identified in an initial
small series of 14 pregnant women with pravastatin
exposure in the first trimester (Edison and Muenke,
2004).

In a mouse model, pravastatin given during preg-
nancy could prevent endothelial dysfunction, hyper-
tension, renal injury, and cardiovascular complica-
tions in the mother and the offspring after preeclamp-
sia (Garrett et al., 2018). Pravastatin may protect en-
dothelial cells by reducing the release of the anti-
angiogenic factors soluble fms-like tyrosine kinase
(sF1t-1) and soluble endoglin (sEng) mediated by cy-
tokines and increasing free circulating placental
growth factor (PIGF) and vascular endothelial growth
factor (VEGF) (Ahmed and Cudmore, 2009; Ahmed
and Ramma, 2015; Cudmore et al., 2007; Katsi et al.,
2017; Putra et al.,, 2018; Ramma and Ahmed, 2014;
Smith and Costantine, 2022; Vahedian-Azimi et al.,
2021). Correcting the angiogenic imbalance may final-
ly resolve the malfunction of the maternal endothelial
cells. In humans, the first study indicating that
pravastatin may be advantageous in preventing
preeclampsia was reported in a woman with an-
tiphospholipid syndrome (APS) (Lefkou et al., 2016).
These preliminary findings demonstrate that pravas-
tatin may have a role in preventing preeclampsia. Our
previous study was the initial multicenter random-
ized controlled trial (RCT) on using pravastatin to

J Pharm Pharmacogn Res (2024) 12(3): 574


https://jppres.com/

Akbar et al.

Table 1. Searching strategy based on the PICO methods.
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PICO items PICO

Keywords

Problems, patients, population Pregnant women

Intervention Statin or pravastatin

Comparison, control Placebo

Outcomes

Secondary outcomes: risk of preterm birth,
risk of early gestational age

Primary outcome: risk of preeclampsia

(“Pregnant Women”[Mesh]) OR “Pregnan-
cy”[Mesh]

(“Hydroxymethylglutaryl-CoA Reductase
Inhibitors”[Mesh]) OR “Pravastatin”[Mesh]

“Control Groups”[Mesh]

(“Hypertension, Pregnancy-
Induced”[Mesh]) OR “Pre-
Eclampsia”[Mesh]

prevent preeclampsia in pregnant women at high risk
(Akbar et al., 2022a; 2022b; 2024). Nevertheless, re-
search on this subject remains scarce. Therefore, it is
very important to do this review to know the role of
pravastatin in the prevention of preeclampsia. The
primary objective of this study is to investigate
whether the administration of pravastatin, as com-
pared to placebo or no intervention, can effectively
mitigate the risk of preeclampsia in pregnant women.

MATERIAL AND METHODS

This was a systematic review and meta-analysis of
randomized clinical trials that evaluated the prophy-
lactic use of pravastatin for the prevention of
preeclampsia. This systematic review and meta-
analysis were conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 2009 guidelines (Page et al.,
2021). The protocol of this study has been registered
on PROSPERO (CRD42022319051). The PICO is
shown in Table 1 with the review question: Does the
administration of pravastatin reduce the risk of
preeclampsia?

Eligibility criteria

The inclusion criteria were articles with the follow-
ing standards: (1) randomized clinical trials (RCTs);
(2) comparing a group of healthy pregnant women of
any gestational age receiving pravastatin and the
other group receiving placebo or no treatment; (3) the
study was conducted in between 2000-present; and (4)
the risk or occurrence of preeclampsia between the
intervention group and control group as the outcomes
were provided in the articles. The exclusion criteria
were: (1) Unavailable full-text; (2) non-English lan-
guage; (3) irrelevant titles and abstracts; (4) studies in
women with established preeclampsia or gestational
hypertension or fetal growth restriction (treatment
studies); (5) Study designs other than RCTs (review
articles, animal studies, systematic reviews, meta-
analyses, case reports, case series, letter to editors,
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and non-randomized studies); and (6) duplicated
studies.

Information sources and search strategy

The electronic search was conducted using MESH
terms and keywords related to pravastatin and
preeclampsia (based on the PICO methods) in online
databases, including Pubmed, Science Direct, EBSCO
- CINAHL, PROQUEST, and SCOPUS from 2000
until 2022 (Table 1).

Selection process

The screening in each database based on the inclu-
sion and exclusion criteria was performed. The
screening process was conducted by using Mendeley
Desktop version 1.19.8. The search results were ex-
ported from each database to Mendeley Desktop in
"ris" format. Two reviewers separately searched the
literature to avoid selection bias. Any conflicts were
settled through a consensus that included a third in-
vestigator.

Data collection process

Two co-authors (MIAA and CDKW) carefully ex-
tracted data from each study using a predetermined
checklist containing the study design, baseline charac-
teristics, interventions, and outcomes. The results
were then checked by the third investigator.

Data items

The following relevant data were extracted from
the included studies: (1) author, year of publication,
and study location; (2) study design; (3) clinical trial
number; (4) objectives of the study; (5) total patients
included in each pravastatin and control group; (6)
gestational age of the patients; (7) dosage, duration,
and method of the intervention. The primary outcome
of this study was the occurrence risk of preeclampsia
between pravastatin and the control group. The diag-
nosis of preeclampsia was based on the International
Society for the Study for The Hypertension in Preg-
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nancy (ISSHP) or American College of Obstetricians
and Gynecologists (ACOG) guidelines which is gesta-
tional hypertension accompanied by one or more of
the following new-onset conditions at >20-week ges-
tation: proteinuria, other maternal end-organ dys-
function, and uteroplacental dysfunction (Espinoza et
al., 2020; Magee et al., 2022). The secondary outcomes
of the study included preterm preeclampsia,
preeclampsia with severe features, preterm delivery,
and small for gestational ages. Preeclampsia with
severe features was defined as the presence of one of
the following: severe hypertension (>160/110 mm
Hg), thrombocytopenia, impaired liver function, renal
insufficiency, pulmonary edema, new onset headache,
or visual disturbance (Espinoza et al., 2020). Preterm
preeclampsia was defined as the occurrence of
preeclampsia resulting in birth before 37 weeks gesta-
tion. Preterm delivery was defined as the delivery
before 37 weeks gestation. Small for gestational ages
(SGA) was defined as birthweight <10t population
centile.

Study risk of bias assessment

The quality of the studies was analyzed using Jo-
anna Briggs Institute (The University of Adelaide) for
a clinical trial checklist, which included 13 questions
(JBI, 2023) (Fig. 1). Each item on the JBI checklist re-
ceived a score of one if the requirements were met,
and a score of zero if they were not. The item-specific
scores were added to get summary scores for each of
the chosen studies. Based on the summary ratings, the
studies' quality was then assessed as good (=8), fair
(6-7), or poor (<5). Two reviewers (MIAA and CDKW)
independently assessed the risk of bias by JBL. Any
disagreements were discussed with all team members
until a consensus was reached.

Effect measures

Statistical analyses were performed using the Re-
view Manager (RevMan) 5.4.1 software (Cochrane
Collaboration, UK). A pairwise meta-analysis of

The role of pravastatin in preeclampsia

preeclampsia risk was performed between the pravas-
tatin and the control group to determine the Odd
Ratio (OR) and 95% confidence intervals (Cis).

Synthesis methods

Heterogeneity between studies was assessed with
a chi-square test (Cochran’s Q statistic) and quantified
with the Higgins’ I? statistics. If the chi-square test
yielded a p-value <0.1, indicating statistical heteroge-
neity, whereas 12 values were used to estimate the
extent of heterogeneity. Low heterogeneity was de-
fined as I? < 25%, moderate heterogeneity was de-
fined as 25-75%, and high heterogeneity was defined
as I2 > 75%. A random-effects model was employed
for the meta-analysis if the 12 value was more than
50%. A fixed-effects model was used in the other cas-
es. We did not perform a publication bias analysis as
the number of studies was not adequate (n < 10). P-
value <0.05 indicated statistical significance in all
analyses, unless otherwise stated.

Reporting bias assessment by Grading of
Recommendations Assessment, Development and
Evaluation (GRADE) report

The GRADE Report evaluates findings based on
six domains: within-study bias based on the RoB-2
tool assessment, reporting bias, indirectness, impreci-
sion, heterogeneity, and incoherence. The confidence
level would be rated as high, moderate, low, and very
low (Schunemann et al., 2023). With all of the includ-
ed studies being RCTs, the rating started out with a
high degree of certainty. Subsequently, the quality
was assessed using the following standards: the JBI
Critical Appraisal Checklist for Randomized Con-
trolled Trials, which measures the quality of the stud-
ies overall; ii) the degree of heterogeneity and incon-
sistency; iii) the indirectness of the evidence; and iv)
imprecise outcomes (wide 95% CI). The certainty of
evidence was downgraded to two scores if the majori-
ty of the RCTs scored less than five on the JBI scale.

Constantine M et al

Hassanain et al

Akbar MIA et al

Dobert M et al

o
~
s
@
o
-
o
-
~

mYes mNo mUnclear

Figure 1. The Quality of studies based on Joanna Briggs
Institute Checklist.

The presence of a green line showed that the answer
matched the JBI requirements. Orange lines indicated answers
that did not meet the JBI requirements, while yellow lines
suggested an unsure answer to the JBI checklist.

14

https://jppres.com

J Pharm Pharmacogn Res (2024) 12(3): 576


https://jppres.com/

Akbar et al. The role of pravastatin in preeclampsia
Records identified Records Records identified Records Records identified from:
from: identified from: from: identified from: SCOPUS (1102)
PUBMED (40.057) SCIENCE EBSCO (3597) PROQUEST Exclude for:

Exclude for: DIRECT (1158) Exclude for: (140) Years (4)
Years (16.600) Exclude for: Years (337) Exclude for: Sources text (2)
Study design Years (111) Sources text (195) Sources text (25) Languages (32)
(22.550) Study design Languages (49) Languages (1) Study design (517)
Language (43) (817) Ages (1506) Study design (6) Subject study (144)
Ages (143) Subject (33) Full text Keywords (92)
Full text availabilty availability (1451) Full text availability (149)
(45)
A A 4 l v
Articles screened Articles Articles screened Articles screened Articles screened
screened
(n = 676) (n= 197) (n =59) (n=108) (n=162)
Articles screened > Remove duplicates
(n =1202) (n=72)
y
Articles screened Exclude for unrelevant topic
(n = 1130) »| (title or abstract)
(n = 1086)
Further detailed screening
Exclude for:
Articles screened Preclinical studies (n = 21)
(n = 44) "| Outcomes not preeclampsia (n =
10
Study design (n =9)
Study included in the systmatic Study included i'n the
) =2) Meta-analysis
review (n (n=2)
Figure 2. PRISMA flow diagram.
RESULTS Study characteristics
The characteristics of the included studies are
Study selection summarized in Table 2. The 4 RCTs yielded 1,734

The literature search from all databases identified
46,054 articles related to keywords. As depicted in
Fig. 2, after the initial screening of each database, we
identified 1,202 articles, while 72 articles were re-
moved for duplication. Further detailed screening
excludes more articles based on the following reasons:
irrelevant topics from the title or abstract (1,086), non-
human studies (21), unsuitable outcomes (10), and
unsuitable study designs (9). Finally, there were four
articles that met the inclusion criteria. Only two of the
four studies included in the systematic review can be
analyzed using meta-analysis, specifically INOVASIA
and US OPRC Study (Costantine et al., 2021), since
only these studies administered pravastatin from
early pregnancy (second trimester) until birth and
investigated the primary outcomes of preeclampsia.
The characteristics of these four studies can be seen in
Table 2.

https://jppres.com

participants, from which 855 received pravastatin,
and 849 were control samples. The study sample sizes
were variable, ranging from 20 to 1121. All studies
were conducted between 2018-2022. One study was
conducted in the USA, one in Indonesia, one in Egypt,
and one in Europe (England, Spain, and Belgium). In
two studies, pravastatin was administered 20 mg
daily. In one study, pravastatin was given 20 mg
twice. In one study, the dose of pravastatin was 10 mg
once daily.

Risk of bias in studies

From the JBI assessment, three fulfilled studies
were of good quality, while the last was of fair quali-
ty. No study was rated as poor quality, as none ob-
tained a summary score of five or less. The results of
the JBI assessment are shown in Fig. 1.
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Table 2. Characteristics of the studies.
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References Study Objectives Primary outcomes  Intervention Samples Result Certainty of
Design evidence level
(GRADE)
Study included in Meta-analysis
(Costantine et al., A To evaluate the safety Primary outcomes Pregnant women at high risk Atotal of 40 patients Combined data from this study and previous Moderate
2021) multicenter,  and pharmacokinetic included maternal-  for preeclampsia between were divided equally RCT (n =40) showed the PE rate in pravastatin quality
US OPRC study, USA blinded, parameters of fetal safety and 12+0 and 16+6 weeks of into pravastatin and vs. placebo group (10% vs. 45%). Rate of
placebo- pravastatin. pharmacokinetic gestation were assigned to placebo (nforeacharm  preeclampsia with severe featuresin
controlled, parameters of receive a daily pravastatin =20). pravastatin vs. placebo group (0 vs. 40%).
randomized pravastatin during dose of 20 mg or placebo
trial. pregnancy. orally until delivery.
Combined
data with
previous
pilot RCT.
(Akbar et al, 2022b) RCT open- To determine if the Occurrence of any The control group received Atotal of 173 people The pravastatin group had a significantly lower ~ Moderate
INOVASIA Study. labeled, addition of pravastatinin ~ preeclampsia low-dose aspirin (80 mg) and participated in the rate of preterm preeclampsia (13.8%vs. 26.7%;  quality
Indonesia without standard protocol calcium (1 g) daily, while the study, with 86 in the p=0.034) and preterm birth (16.1 % vs. 36 %;
placebo prevents any intervention group received control group and 87 in p=0.003).
preeclampsia in pregnant additional pravastatin (20 mg the pravastatin group.
patients at risk for twice daily) starting from 14-
preeclampsia. 20 weeks’ gestation until
delivery or preeclampsia.
Study included in systematic review only
(Hassanain et al., Randomized  To study the effect of Occurrence of any Pravastatin 10 mg once daily Atotal of 400 pregnant The preeclampsia (6 vs. 16 women) and severe Low quality
2018) controlled pravastatin given for preeclampsia vs. placebo for 4 weeks from women participated. preeclampsia (4 vs. 11 women) rates in
Egypt trial with primigravidae from 13% 13" weeks. Control group (n=200) pravastatin group were lower compared to
placebo.No  week to 16" week of vs. intervention group control.
information ~ gestation on the (n=200).
about incidence of
blinding. preeclampsia compared
to the control group.
(Dobert et al., 2021) Multicenter,  To evaluate the effect of Delivery with any Women with singleton Atotal of 1121 pregnant ~ Preeclampsia occurred in 14.6% (80) of High quality
England, Spain, and RCT, pravastatin given in preeclampsia. pregnancies at high risk of women participated. pravastatin and 13.6% (74) in the control group.
Belgium double- women with high risk of term preeclampsia, 548 in the pravastatin Pravastatin did not reduce the incidence of
blind, term preeclampsia in the pravastatin 20 mg/d vs. group vs. 543 in the gestational hypertension, stillbirth, abruption,
placebo- incidence of delivery with placebo, from 35to 37 until41  control group. delivery of SGA, neonatal death, or neonatal
controlled. preeclampsia. weeks of delivery. morbidity.
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Table 3. Summary of neonatal outcomes.
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Pravastatin vs. Placebo/Control groups

Outcomes

Akbar et al. (2022b) (n=173)

Costantine et al. (2021) (n =20)

Birthweight

Birthweight <2500 gram
Apgar scores <7 in 1% minutes
Apgar scores <7 in 5" minutes
Neonatal death

NICU Admission

Length of stay on NICU
Respiratory distress syndrome
Duration oxygen support

Congenital anomalies Ovs.0

3000 (700) vs. 2900 (1025) g (p=0.10)

2.3% vs. 10.5% (p=0.03)

2870 (2445-3395) vs. 2627.5 (1255-2810) g

27.6% vs. 40.7% (p=0.07)
5.7% vs. 25.6% (p<0.001)

40% vs. 60%

16.2 (6-50.9) vs. 22.2 (4.1-42.9) days
30% vs. 40%

3(2.5-4.0) vs. 26 (15.5-56.5) days

0vs.2

(-) indicated that the outcomes were not evaluated.

Certainty of evidence

According to the GRADE Report assessment, the
confidence rating on all evidence varied from low to
high. We gave the study of Costantine et al. (2021)
moderate quality as, despite its high JBI score, it has a
small sample size, moderate heterogeneity, wide CI,
and low effect measure. The study of Akbar et al.
(2022b) was also given moderate quality due to its
moderate heterogeneity and JBI score. The study of
Dobert et al. (2021) was considered high quality due
to its large sample size and good JBI score. The study
of Hassanain et al. (2018) was given low quality due
to lack of randomization and blinding method and
moderate JBI score.

Results of individual studies

In terms of preeclampsia occurrence, Hassanain et
al. (2018) demonstrate a reduced prevalence of
preeclampsia in pravastatin-administered groups (3%
vs.8%; p=0.028); however, in this investigation,
pravastatin was administered for only brief durations
(4 weeks) (Hassanain et al., 2018). Dobertz et al. (2021)
discovered no evidence that pravastatin reduces the
risk of term preeclampsia (14.6 vs. 13.6%; p=0.65)
(Dobert et al., 2021), but this study had to be excluded
since patients already were hypertensive prior to
pravastatin administration. Regarding the occurrence
of preterm preeclampsia, only INOVASIA evaluated
the result (Akbar et al., 2022b; Mendoza et al., 2021).
In the INOVASIA study, administration of pravas-
tatin significantly reduced the rate of preterm
preeclampsia (<37 weeks) (13.8% vs. 26.7%; p=0.034;
(OR=0.034, 95% CI: 0.202-0.905).
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The summary of neonatal outcomes from all stud-
ies can be seen in Table 3. Akbar et al. (2022b) and
Costantine et al. (2021) found better perinatal-
neonatal outcomes in pravastatin compared to the
control group in terms of higher birthweight, better
Apgar scores, lowered NICU admission, reduced
NICU length of stay, and respiratory distress syn-
drome.

Results of syntheses

In meta-analysis, the administration of pravastatin
was associated with a reduced risk of any preeclamp-
sia (OR: 0.51; 95% CI: 0.29-0.90; p= 0.02) (Fig. 3).
However, the risk of preeclampsia with severe fea-
tures was not reduced in the pravastatin administrat-
ed groups (p=0.06) (Fig. 4). Pravastatin was associated
with a significantly reduced risk of preterm delivery
(OR: 0.31; 95% CI: 0.16-0.58; p<0.01) (Fig. 5). Pravas-
tatin was not associated with risk reduction of small
for gestational ages (p=0.26) (Fig. 6). There was a high
heterogeneity within studies (I> > 50%) for the out-
comes of preeclampsia and preeclampsia with severe
features. No heterogeneity was found in the outcomes
of preterm preeclampsia, preterm delivery, and small
for gestational ages.

DISCUSSION

This systematic review and meta-analysis have
proven the benefits of pravastatin in reducing
preeclampsia risk in pregnant women. The results of
this meta-analysis showed that prophylactic admin-
istration of pravastatin in pregnant women was asso-
ciated with significant reduction in the risk of
preeclampsia. This assertion came from the two most
relevant RCT’s, the INOVASIA study (n = 173) and

J Pharm Pharmacogn Res (2024) 12(3): 579


https://jppres.com/

Akbar et al. The role of pravastatin in preeclampsia

Pravastatin Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
Akbar MIA, 2022b 28 87 37 86 75.7%  0.63[0.34, 1.17) —-
Costantine, 2021 2 20 9 20 24.3% 0.14 [0.02, 0.75] —
Total (95% CI) 107 106 100.0% 0.51 [0.29, 0.90] e o
Total events 30 46

ity Chi2 = - - 2= t } . |
Heterogeneity: Chi® = 2.75, df = 1 (P = 0.10); I* = 64% 0.01 o1 10 100

Test for overall effect: Z = 2.32 (P = 0.02)

Favours Pravastatin Favours Control

Figure 3. Forest plot of the effect of pravastatin on the risk of preeclampsia.
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Figure 4. Forest plot of effect of pravastatin on the risk of preeclampsia with severe features.
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Figure 5. Forest plot of effect of pravastatin on the risk of preterm birth.
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Figure 6. Forest plot of effect of pravastatin on the risk of small for gestational age (<10"" percentile).

the US OPRC study (n = 40). Both studies gave
pravastatin in an adequate duration (from the late
first trimester until delivery) in high-risk PE pregnant
women. The INOVASIA (32.3% vs. 43%) and US
OPRCS (10% vs. 20%) studies show a lower preva-
lence of preeclampsia in pravastatin groups. There
were some differences in the intervention methods
between these studies. The pravastatin dosage was
higher in INOVASIA (40 mg/day) compared to the
US OPRC study (20 mg/day). Pravastatin was admin-
istered earlier in the US OPRC study (12+0 until 16+6
weeks of gestation) compared to the INOVASIA
study (14 to 20 weeks gestation). Only INOVASIA
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had as its primary aim to evaluate the pravastatin
effect to prevent preeclampsia, whereas the US OPRC
objective was to evaluate the safety and pharmacoki-
netics of pravastatin. The other two studies were ex-
cluded from the further meta-analysis because they
had a different intervention approach. The pravas-
tatin administration in these studies was either too
late or too short. In the Dobert trial (Dobert et al.,
2021), pravastatin was administered from weeks 35-37
to 41 in already hypertensive women, which was too
late in the last stages of pregnancy. It should be noted
that the first treatment study, the UK STAMP study,
was also negative (Ahmed et al., 2020). The Hassanain
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study only administered pravastatin between 13 and
16 weeks of gestation, which is a fairly short interven-
tion period (Hassanain et al., 2018). Pravastatin ad-
ministration was too brief in comparison to the other
two RCTs (which was administered from the late first
trimester and early second trimester until delivery or
preeclampsia occurred).

The INOVASIA research demonstrated that
pravastatin could significantly lower the incidence of
preterm preeclampsia (Akbar et al., 2022b). Preterm
preeclampsia, particularly early-onset preeclampsia
(34 weeks), has more severe short- and long-term
consequences for the mother and infants. Preterm or
early-onset preeclampsia is associated with an in-
creased risk of fetal growth limitation, perinatal mor-
tality and morbidity, placental pathology, abnormal
uterine artery and umbilical artery Doppler, and ma-
ternal death (Akbar et al., 2021; Kucukgoz et al., 2013;
Lisonkova et al., 2014; Madazli et al., 2014; Raymond
and Peterson, 2011; Staff and Redman, 2018;
Wojtowicz et al., 2019). In addition, preeclampsia with
an early onset presents a higher risk of future disease,
particularly cardiovascular disease (CVD), for the
mother than late-onset or aterm preeclampsia (Staff
and Redman, 2018; Veerbeek et al., 2015). The ability
of pravastatin to reduce the risk of preterm (or early
onset) preeclampsia will significantly reduce the risk
of maternal and perinatal mortality and morbidity
caused by this illness.

This meta-analysis also indicates that pravastatin
does not reduce the risk of preeclampsia with severe
features (p=0.06). The US OPRC trial itself revealed a
considerably decreased prevalence of preeclampsia
with severe features in the pravastatin group (0 vs.
40%; p=0.003). However, the INOVASIA study did
not find a difference in the prevalence of preeclamp-
sia with severe symptoms (18.4 vs. 22.1%; p=0.305).

Additionally, our meta-analysis demonstrates a
substantial decrease in preterm birth in the pravas-
tatin group. Only the INOVASIA trial and the US
OPRC research reported on preterm birth outcomes
(Akbar et al.,, 2022a; 2022b; Costantine et al., 2021).
Preterm birth rates were significantly lower in the
INOVASIA trial (16.1% vs. 36%; p=0.01) and in the US
OPRC study (20% vs. 55%; p=0.04) (Akbar et al.,
2022b; Costantine et al., 2021). These findings could
be explained by the reduced rate of severe preeclamp-
sia in the INOVASIA and US OPRC trials, which
would otherwise necessitate an early iatrogenic deliv-
ery (Akbar et al., 2022a; 2022b; Costantine et al., 2021).
The high rate of preterm delivery in preeclampsia
cases was mostly an iatrogenic indication due to the
occurrence of severe preeclampsia morbidity (HELLP
syndrome, eclampsia, pulmonary edema, severe hy-
pertension, and others). Reducing the prevalence of
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severe preeclampsia will decrease the likelihood of
preterm birth. Another explanation is that the pravas-
tatin group had a lower rate of preterm preeclampsia
(37 weeks) in INOVASIA studies (Akbar et al., 2022a;
2022b). The INOVASIA study also demonstrates that
pravastatin could delay the onset of preeclampsia by
an average of one and a half weeks (Akbar et al.,
2022D).

Although not statistically analyzed, the two stud-
ies show a trend toward improved neonatal outcomes
in the pravastatin group compared to the control or
placebo group. Neonatal morbidity rates such as
NICU admission, length of stay in NICU, ventilator
support, respiratory distress syndrome, intraventricu-
lar hemorrhage, and sepsis were significantly lower in
the pravastatin group. In addition, there was no dif-
ference in the rate of congenital abnormalities be-
tween the two groups in all trials. These results sup-
port the safety profile of pravastatin during pregnan-
cy (Akbar et al., 2021; Bateman et al., 2015; Costantine
et al., 2016; Ofori et al., 2007; Zarek and Koren, 2014).

Pravastatin's positive effect on pregnancy out-
comes is likely attributable to its pleiotropic action on
the pathophysiology of preeclampsia (Ahmed and
Ramma, 2015; Chaiworapongsa et al., 2017; de Alwis
et al., 2020; Gajzlerska-Majewska et al., 2018; Girardji,
2017; Marrs and Costantine, 2017, Ramma and Ah-
med, 2014; Vahedian-Azimi et al.,, 2021). Statins en-
hance vascular NO synthesis by upregulating eNOS,
boosting the generation of VEGF and PIGF, and re-
ducing the levels of sFlt-1 and sEng (Antonopoulos et
al., 2012a; de Alwis et al., 2020; Herndndez-Perera et
al.,, 1998, Kumasawa et al., 2011; Laufs et al., 1998;
Ramma and Ahmed, 2014). Increased levels of sFlt-
1/PIGF are substantially related to more severe forms
of preeclampsia and unfavourable pregnancy out-
comes, as well as a shorter duration of pregnancy
(Maynard et al., 2003; 2005; Rana and Karumanchi,
2014; Redman and Sargent, 2009; Redman and Staff,
2015; Wang et al., 2009). In two articles based on the
INOVASIA study, pravastatin was shown to dramati-
cally improve preeclampsia biomarkers, including
sFlt1, PIGF, sEng, VEGF, NO, IL-6, and ET-1 (Akbar et
al., 2021a, 2021b). During gestation, serum sFlt-1 lev-
els increased significantly and PIGF levels decreased
significantly in the control group, whereas in the
pravastatin group, these changes were negligible
(Akbar et al., 2021a). These findings were in line with
the pilot trial of US OPRC study (Costantine et al.,
2016). The study of Mendoza et al. (2021) (not includ-
ed in the meta-analysis) also demonstrated that
pravastatin treatment decreased the ratio of
sFlt1/PIGF in women with early-onset fetal growth
restriction compared to women who received no
treatment (Mendoza et al.,, 2021). Statins have also
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been shown to have anti-inflammatory capabilities, as
they increase the production of Th2 anti-
inflammatory cytokines while decreasing the produc-
tion of Thl pro-inflammatory cytokines (Antonopou-
los et al., 2012a; 2022; Girardi, 2014; Katsi et al., 2017;
Ramma and Ahmed, 2014; Smith and Costantine,
2022). Akbar et al. trial demonstrated that serum IL-6
(pro-inflammatory) levels were reduced significantly
in the pravastatin group but remained constant in the
control group (Akbar et al., 2022a).

Even though previously there has been a meta-
analysis covering this topic, their study included two
studies with the same sample, which was our previ-
ous study (Akbar et al., 2022b; 2024; Mészéros et al.,
2023). In addition, our study also included RCTs only,
reducing the bias of this meta-analysis. However, our
study only obtained two papers with a relatively
small sample size to be included in the meta-analysis.
To examine the efficacy of pravastatin in preventing
preeclampsia, only the INOVASIA and US OPRC
studies employ suitable approaches (timing, duration,
dose, patient selection, and research design). These
two studies had certain limitations as well. Due to
funding constraints in this trial, the control group in
INOVASIA did not receive a placebo (Akbar et al.,
2022b). Although the INOVASIA researchers includ-
ed some additional measures to minimize the risk of
bias. In the US OPRC trial, the incidence of
preeclampsia was not the primary objective, as this
study was conducted to assess the safety and phar-
macokinetics of pravastatin (Costantine et al., 2021).

This meta-analysis indicated that pravastatin may
reduce the risk of preeclampsia, premature delivery,
and preterm preeclampsia. Additionally, pravastatin
improved perinatal outcomes, probably as a result of
a decreased incidence of preeclampsia and early birth.
To confirm these results, however, additional research
with a large sample size and proper methodology
(double-blind, placebo-controlled, multicenter RCT) is
required. There are further uncertainties regarding
the use of pravastatin to prevent preeclampsia, in-
cluding the appropriate administration time, dosage,
and duration. The short- and long-term monitoring of
neonates and children born to pravastatin-treated
mothers must also be addressed.

The role of pravastatin in preeclampsia

morbidity. To further examine the efficacy of pravas-
tatin as a preeclampsia prevention medication, it is
necessary to conduct more RCTs with a large sample
size. The appropriate dosage, timing, and duration of
pravastatin administration should also be investigat-
ed further. Although pravastatin appears to pose no
risk for structural malformations, long-term follow-
up of the offspring regarding neurodevelopmental
milestones is also of critical importance before the use
of pravastatin outside prospective research trials can
be recommended.
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