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ABSTRACT

Placental-related disorders impact over 33% of pregnancies. Several of these syndromes lead to higher rates of
maternal and fetal death and morbidity and can have long-term health consequences. Several RCTs have found that
pravastatin is associated with a significant reduction in the incidence of preterm preeclampsia and preterm birth.
However, alternatives require substantial evidence. On the methods, two writers assessed the risk of bias. The
Cochran test was used to assess heterogeneity among studies. The Mantel-Haenszel technique was used to obtain
the results. The study's results were described using forest plots. The study used six randomized controlled trials.
Findings showed a reduced risk of preeclampsia, preterm birth, and NICU admission in pregnant women taking
pravastatin. There was no significant reduction in the risk of neonatal respiratory distress, congenital disorders, and
adverse events of headache, heartburn, and musculoskeletal pain. This study suggests that pravastatin use may have
beneficial effects in reducing the risk of placental-related disorders in patients.
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ABCTPAKT

[lnaneHTapHble pacCTpOMCTBa BJMUAIOT Ha GoJiee yeM 33% 6OepeMeHHOcTed. HekoTopble U3 3TUX CUHJPOMOB
HNPUBOJAAT K 60Jiee BBICOKMM NOKa3aTessIM MaTEPUHCKON U peTasbHON CMEPTHOCTH U 3260J1EBAEMOCTH U MOTYT
MMETb [JI0JITOCPOYHBbIE MOCJAEJCTBUSA AJs1 370poBbs. Heckonpko PKW nokasanu, 4To mpaBacTaTHH CBs3aH CO
3HAYUTEJbHBIM CHIKEHHEM YaCTOTHI NMPeXJeBPEMEHHOHN NMPEeIKIaMICUU U NpeXJeBpeMeHHbIX posoB. OgHAKO
aJIbTEpPHATUBbI TPEOYIOT CYLECTBEHHBIX J0OKa3aTesJbCTB. UTO KacaeTcsi METOZOB, /Ba aBTOpa OLEHUJU PHUCK
cMenieHus1. Tect KoxpaHa vcnosib3oBasics AJ151 OLLeHKU HEOZHOPOJHOCTH CpeAu UccaeoBaHUM. MeTon MaHTens-
XeH3eJ1s1 UCNOJIb30BaJICS JJIsl NOJyYeHHUs] pe3yabTaToB. Pe3ysibTaThl UcCae0BaHUs ObLJIM OMUCAHbI C MOMOIIBIO
JIECHBIX JMarpaMM. B wucc/ieoBaHWM HCIOJB30BAINCh IIECTh PAHZOMH3UPOBAHHBIX KOHTPOJIUPYEMBIX
MCIBbITAaHUH. Pe3ysibTaThl NOKAa3a/IM CHIXKEHHE PHCKa NPE3KJIAaMIICHH, IPeX/IeBPEMEHHBIX POJIOB U MOCTYIJIEHUS
B OT/leJIeHHEe HHTEHCUBHOU Tepanvuy HOBOPOXK/IeHHBIX y 6epeMeHHbIX KEeHIIMH, IPUHUMAOIMX IpaBacTaTuH. He
ObIJI0 HUKAKOTO 3HAYUTEIbHOT0 CHMKEHHS PUCKA PECIIUPATOPHOTO AUCTPECCa Y HOBOPOXK/ EHHBIX, BPOXK/IEHHBIX
HapylleHU! U HeXesaTeJbHbIX SIBJI€HUU B BUJle TOJIOBHOM 60JIM, U3KOTU U MBILIEYHO-CKeJleTHOW 60Jsiu. Ham
BBIBOJ: 3TO HCCJeJJ0OBaHUE NpeAINoJaraeT, YTO MCIOJb30BaHUe NpaBacTaTHHA MOXET UMETh 0JIaronpusiTHbIE
3¢ deKThI B CHIPKEHUH PUCKA IJIaLleHTapHbIX PACCTPOMCTB y NAL[UEHTOB.

KnwueBsble cioBa: [lnaneHTapHble paccTpoicTBa; [IpaBacraTtul; [IpodpuiakTuka;
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INTRODUCTION

The placenta is a specialized organ that
develops solely during pregnancy. The
placenta facilitates the transfer of nutrients,
gasses, and metabolic substances between the
mother and the fetus. Placental-related
disorders impact over 33% of pregnancies.
Several of these syndromes lead to higher
rates of maternal and fetal death and
morbidity and can have long-term health
consequences.12 Placental-related disorders
are characterized by specific symptoms that
suggest the presence of disease and
consequences.3"> Placental malfunction and
programming can result in long-term health
repercussions for both the mother and her
children. In recent decades, the occurrence of
placental-related disorders and diseases has
seemingly risen due to factors such as delayed
reproductive planning, higher rates of
cesarean sections, and lifestyle changes,
including an unhealthy diet. 67

Statins have been widely utilized for
reducing individuals' cholesterol levels for a
considerable period of time. Pravastatin
belongs to the first generation of statins. This
compound has a high hydrophilicity, liver
selectivity, and low potency as an HMG-CoA
reductase inhibitor. Animal models have
demonstrated the role of Pravastatin in
reversing the imbalance in blood vessel
growth that contributes to preeclampsia. It
achieves this by increasing the production of
PIGF and VEGE while simultaneously
inhibiting the production of sFlt-1 and sEng.”8
Furthermore, pravastatin enhances the flow of
blood in the placenta and possesses features
that reduce inflammation and prevent blood
clotting. These characteristics make it a very
promising drug to reduce the risk of placental-
related disorders.?-19 A recent RCT found that
pravastatin was associated with a significantly
reduced incidence of preterm preeclampsia (p
= 0.034) and preterm birth (p = 0.003). 11
Nevertheless, there is a requirement for
substantial proof as an alternative.l Hence,
this study thoroughly investigated the
effectiveness and safety of pravastatin in
placental-related disorders. 12

MATERIAL AND METHODS
Ethical statement

Due to the fact that this study solely
involved the collection and analysis of

secondary data from published clinical
studies, ethical approval was deemed
unnecessary.

Search Strategy

This study was registered with PROSPERO
(CRD42024576331) and was conducted based
on PRISMA criteria. The search was performed
in PubMed, Cochrane Library, and CNKI until
July 1, 2024. The keywords employed were
statin, pravastatin, placental-related
disorders, placental insufficiency, placental
abnormalities, and preeclampsia. We imposed
no limitations on the languages used and only
considered  studies involving  human
participants.

Study criteria

The studies utilized in our analysis were
randomized controlled trials (RCTs) that
satisfied the PICOS criteria. The participants
consisted of pregnant women, the
intervention involved the use of pravastatin,
and the comparison groups received either a
placebo or standard prophylaxis (aspirin +
calcium). The outcomes assessed included
maternal and neonatal outcomes, as well as
adverse events. All of the included studies
followed a RCT design. We removed all non-
RCT studies from the sample.

Two writers (GAS and AP) conducted a
thorough and independent review of the
literature by initially screening titles and
abstracts, and subsequently examining the
entire texts to determine their suitability. A
third researcher arbitrated any discrepancies
in the literature search. The data was retrieved
and condensed into a standardized format,
comprising the study details, year, country,
sample size, gestational age, administered
dose, and findings.

Quality assessment

The study was evaluated by the first and
second authors using the Cochrane RoB tool.
Study quality was divided into high, moderate,
and low risk.1314 Any disagreement between
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researchers was resolved by involving a third
researcher.
Statistical Analysis
The application we used in this study was
RevMan version 5.3. Chi-square (Chi2) and I2
tests were used to assess heterogeneity at the
0.1 and 50% levels. In the results of 12 < 50%
and Chi? > 0.1, we used a fixed effect model. If
there was a difference between the two, the
Chi? test results followed I2. We use the
Mantel-Haenszel model on dichotomous data.
Furthermore, OR (odds ratio) effect size was
used to determine the 95% confidence
interval (CI).15-1°
RESULT
Search results

We conducted a comprehensive search of
the PubMed (67,773), Cochrane Library (36),
and CNKI (3) databases, yielding a total of
67,812 publications that are pertinent to the
specified keywords. After conducting an initial
screening process that involved eliminating
duplicate articles, inappropriate study
designs, and full-text articles, a total of about
825 articles were identified. In the last stage,
we eliminated 6 articles because they made
unsuitable comparisons 20 and had
unsatisfactory outcomes. 21 In addition, we
incorporated three studies that had been
previously examined.112122  This study
incorporates a quantitative synthesis of six
randomized controlled trial (RCT) research
articles, which were published between 2016
and 2022.1122-26 This study incorporated 5
articles that compared pravastatin with
placebo 112225 as well as 1 article that
compared pravastatin with conventional
prophylaxis.2¢ Figure 1 1is the flowchart
illustrating the selection method employed in
this investigation.

)

Identification

]

Screening

Reports excluded
Other comparison (n = 1)
Inappropriale outcome [n =1)

Total studies included in review

(n=3
L
Reports of total included studies
(n=86)

Figure 1. Search process flowchart.

Study characteristics

There were 6 RCT studies that examined a
total of 1728 persons. The sample sizes in
these trials varied from 10 to 548, while the
gestational ages of the participants ranged
from 12 to 41 weeks. Table 1 presents the
overall attributes of the RCTs that were used in
this investigation.
Quality assessment

Figure 2 displays the outcomes of the risk of
bias evaluation for the 6 randomized
controlled trials (RCTs). The 6 investigations
provided sufficient information on random
sequence generation, selective reporting
details, and other biases.1122-24 QOne study
failed to mention the implementation of
blinding for both subjects and investigators.2>
Four research provided specific information
regarding allocation concealment.11.22-24,26

Tabel 1. Baseline characteristics of studies.

Sampl
e Dose
Preg
nanc
y age
Study Count (wee Finding
(year) ry I C Kks) I C
Pravastatin,
taken at a
dosage of
Aspirin 2x20 mg,
8 1x80 effectively
6 mg+ decreases the
calciu likelihood of
Prava m 1x1 experiencing
Akbar statin g early
etal Indon 2x20 preeclampsia
(2022) esia 87 14-20 mg and preterm
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birth.

Prava

statin

1x20
12-16 mg

Constat
ine etal
(2021) US 10

Plac
ebo

This  study
confirmed
the  overall
safety of
pravastatin
and its
beneficial
effects on
pregnancy
outcomes in
women who
are at a high
risk of
developing
preeclampsia

Eala

Engla
nd,
Spain,
Dobert and 35/36 statin
etal Belgiu 54 /37-  2x20
(2021) m 8 41 mg

Prava

Plac
ebo

Administerin
g pravastatin
at a dosage of
20 mg per
day from 35
to 37 weeks
of pregnancy
until delivery
did not
decrease the
occurrence of
preeclampsia
in women
with  high-
risk
pregnancies
with a single
fetus.

Unite 2 Prava
Ahmed d 24-31 statin
etal Kingd +6  1x40

(2019) om 30 days mg

Plac
ebo

Pravastatin is
not effective
in  treating
preeclampsia
. However, no
significant
complication
s were found.

(=]

Prava

statin

1x10
13-16 mg

Hassan
ain etal 20
(2018) Egypt 0

Plac
ebo

During  the
neonatal
period,
pravastatin
can
effectively
prevent
preeclampsia
in newborns,
including
fetal weight,
gestational
age at
delivery, and
NICU
admission.

1 Prava
Constat 0 12-16 statin
ine et al +6 1x10
(2016) US 11 days mg

Plac
ebo

No safety
hazards were
found in
relation  to
the usage of
pravastatin

53|

in this
investigation.
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Figure 2. Risk of bias assessment

One study failed to provide information
regarding the concealment of outcomes.2> The
4 studies presented sufficient information
regarding blinding to participants,
investigators, and outcome assessors, and
were classified as having low bias. 11.22-24.26
Maternal outcomes

Four studies involving 614 participants
investigated the risk  reduction of
preeclampsia. The number of preeclampsia
cases was the final parameter considered.
There was significant variation between
groups, with an OR of 0.35 and a 95% CL of
0.20 to 0.62. The heterogeneity between the
studies was 0% (Figure 3).

One study that examined the effects of
pravastatin on reducing the risk of
preeclampsia did not consider the trial
because patients in the study already had
hypertension before receiving the drug. 26
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However, this study was included in other
meta-analyses because it had little bias. Three
trials, totaling 214 participants, discovered a
significant difference in preterm birth rates
between the intervention and control groups
(OR: 0.34; 95% CL: 0.18-0.66; I%: 29%) (Figure

Intervention Control Odds Ratio 0Odds Ratio

Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% C|

Ahmed 2018 20 30 20 32 278% 1.20[0.42,3.41] I

Constatine 2016 1 " 2 10 82% 0.40(0.03,5.25] e E—

Dabert 2021 T 548 15 543 B40% 0.46(0.18,1.13] ——

Total (95% CI) 589 585 100.0%  0.66[0.35, 1.25] -

Total events. 8 Er

Heterogeneity: Chi*= 2.05, df= 2 (P = 0.36); = 3% fo1 o0

Testfor averall effect Z=1.27 (F=0.20) D\:](awammu Control

Figure 6. The effect of pravastatin administration
on the risk of neonatal respiratory distress

4). syndrome
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Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI Study or Subgroup  Events  Total Fvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Akbar 2022 12 ar 23 86 454% 0.44 [0.20, 0.95) — Ahmed 2018 3 30 2 32 167% 1.67(0.26,10.74] a—
Constatine 2016 ) " 4 10 102% 0.06 [0.00,1.36) &——————T Constatine 2021 a 10 2 10 21.5% 016(001,385 «—————®&———
Constatine 2021 2 10 g 10 91% 0.29[0.031.82] D Dibert 2021 2 548 B 543 540% 0.33[0.07,1.63] ——
Hagsanain 2018 ] 200 16 200 393% 0.36[0.14,0.93] — Hassanain 2018 2 200 1200 8.9% 201 018, 22.35] e
Total (95% Cl) 308 306 100.0% 0.35[0.20,0.62] ‘ Total (95% Cl) 788 785 100.0% 0.65[0.26, 1.66] -
Total events 20 48 Total events 7 11
Heterogeneity: Chi*= 183, df= 3 (P = 0.65); F= 0% Heterogeneity: Chi*= 3.26, if= 3 (P = 0.39), F=8%
Test for overall effect: Z= 364 (P = 0.0003) oo U\\!tgwgnlinﬂ Control oo Testfor overall effect Z=0.90 (P = 0.37) oot D\:wtel'wermun Contral 1oo
Figure 3. The demonstration of the effect of Figure 7. The effect of pravastatin administration
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Figure 4. The demonstration of the effect of
pravastatin administration on the risk of preterm
birth.

Neonatal outcomes

In a meta-analysis of four studies featuring
a total of 1194 participants, a significant
disparity was observed between the
intervention and control groups in terms of
the number of neonates admitted to the NICU
(Figure 5). The OR was 0.52, and the 95% CI
ran from 0.28 to 0.97. The heterogeneity (I2)
was 0%. In the field of infant respiratory
distress syndrome, a meta-analysis of three
studies with a total of 1174 participants
demonstrated this (OR: 0.66; 95% CL: 0.35-
1.23; 12: 3%) (Figure 6). There was no
significant variation between groups. After
analyzing four studies with a total of 1573
participants, it was determined that there was
no significant variation between groups in
terms of congenital abnormalities (OR: 0.65;
95% CL: 0.26-1.66; 12: 8%) (Figure 7).

Intervention Control 0dds Ratio 0dds Ratio

Study or Subgroup _Events _Total Events Total Weight M-H,Fixed, 95% CI M-H, Fixed, 95% CI
Ahmed 2019 23 30 28 32 221% 0.47[0.12,1.80] L

Constatine 2016 1 1 3 10 100% 0.23[0.02,273 —_— T

Constating 2021 41 6 10 126%  0.440.07, 2.66) —

Dokert 2021 10 548 16 543 553%  0.6110.281.38 —.

Total (95% CIj 599 595 100.0% 052 ([0.28,0.97] -

Total events 38 53

Heterogeneity: Chi*= 0.62, df= 3 (P = 0.60); = 0% o o

Test for averall effect 7= 2.08 (P=0.04) U‘lta‘w““m Control "

Figure 5. The demonstration of the effect of
pravastatin administration on the risk of NICU
admissions.

total of 1728 persons. The prevalence of
headache (OR: 0.82; 95% CI: 0.27-2.48),
epigastric pain (OR: 1.80; 95% CI: 0.58-5.55),
and musculoskeletal pain (OR: 1.25; 95% CI:
0.46-3.37) did not show any significant
variation between the groups. The results
showed no variation observed among the
studies in terms of headache (Chi2: 2.06; 1%
3%), epigastric pain (Chi2: 1.39; 12: 0%), and
musculoskeletal pain (Chi2: 1.84; 12: 0%) (Fig.
8-10).489

Intervention Control 0dds Ratio 0dds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Constatine 2016 2 " 3 10 36.4% 0.52[0.07,4.00] — &
Constatine 2021 5 10 310 21.3%  233(0.37,14.61] —
Hasganain 2018 1 200 3200 423% 0.33[0.03,3.200 —
Total (95% Cl) 221 220 100.0%  0.82[0.27, 2.48]

Total events g 9
Heterogeneity: Chi*= 2.08, df= 2 {F = 0.36); I*= 3%

f

oo

Testfor overall effect Z=034 (P=073) UH“I(EWEIWDH 1 Control
Figure 8. The demonstration of pravastatin
administration on the risk of headache

Intervention Control Odds Ratio 0dds Ratio
Study or Subgroup __ Events__ Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Constatine 2016 4 11 3 10 43.7% 1.33[0.21,8.29)
Constatine 2021 4 10 1 10 131% 6.00[053,67.65] ]
Hassanain 2018 2 200 2 200 432% 1.00[0.14,7.17] —
Total (95% CI) 21 220 100.0%  1.80[0.58, 5.55] i
Total events 10 B
Heterogeneity: Chi*=1.38, df= 2 (P = 0.50; F= 0% [ d
Testfor overall effect Z=1.02 (P=0.31) oo D\:‘tewenhmw Control 1o
Figure 9. The demonstration of pravastatin
administration on the risk of heartburn
Intervention Control Odds Ratio 0dds Ratio
Study or Subgroup __ Events _Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Constatine 2016 4 11 1 10 8.5% 614 [0.46, 56.80]
Constatine 2021 4 10 4 10 34.3% 1.00[0.17,5.98]
Hassanain 2018 3 200 4200 562% 0.75(0.16,3.38]
Total (95% Cl) 21 220 100.0% 1.25[0.46, 3.37]
Taotal events 11 a
Heterogeneity: Chi*= 1.64, df= 2 (P = 0.40); *= 0% ba 00
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Figure 10. The demonstration of pravastatin
administration on the risk of musculoskeletal pain
DISCUSSION

Placental-related disorders show
connections with cardiovascular diseases.
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Both conditions are linked to inflammation,
oxidative stress, and damage to the
endothelium cells. Placental diseases, such as
preeclampsia, intrauterine growth restriction
(IUGR), placental abruption, and placenta
accreta, impact around one-third of
pregnancies. These abnormalities can result in
significant rates of maternal and fetal death
and illness.27-29 Given the similarities between
placental problems and cardiovascular
diseases, it is possible that medications used
to treat cardiovascular diseases could be
advantageous for women who are at risk of
developing placental disorders.30-31 Currently,
aspirin is advised for high-risk women to
decrease the likelihood of recurrence,
particularly in relation to preeclampsia.32
Prior research has indicated that pravastatin
can be utilized as a preventive measure against
preeclampsia.32 Nevertheless, there is ongoing
debate regarding its effectiveness and safety.
Thus far, evidence-based medicine has proven
inadequate in tackling this matter.33 Hence, it
is crucial to investigate the effectiveness and
safety of pravastatin.3>3¢ [t provides a
summary of the available clinical evidence
regarding the effectiveness and safety of
pravastatin in reducing the risk of
preeclampsia and improving maternal and
neonatal outcomes.3”

This analysis comprised six RCTs, which
examined a combined sample size of 1728
people. A detailed and systematic comparison
was made between the effectiveness and
safety of pravastatin and the control group,
which consisted of either a placebo or a
combination of aspirin and calcium. The
results of this study indicate that
administering pravastatin is linked to a
notable decrease in the occurrence of
preeclampsia,  preterm  delivery, and
admission to the NICU. However, it does not
have an effect on the frequency of neonatal
respiratory  illnesses and  congenital
abnormalities. These findings indicate that
pravastatin may have positive effects in
pregnant  women.3839Administration  of
pravastatin did not result in any notable

adverse effects, such as headache, heartburn,
and musculoskeletal pain.#0-43

Pravastatin's capacity to increase the
production of nitric oxide in blood vessels,
thereby fostering the generation of angiogenic
growth factors, is the primary factor
contributing to its beneficial effect on
pregnancy.#+46 The severity of preeclampsia,
negative pregnancy outcomes, and a
shortened duration of pregnancy are all
associated with higher levels of angiogenic
factors.#7-49 Statins have been shown to
increase the synthesis of Th2 anti-
inflammatory cytokines and decrease the
production of Thl inflammatory cytokines,
thereby exhibiting anti-inflammatory abilities.
In contrast to the control group, the
pravastatin group exhibited lower serum
interleukin (IL)-6 levels (inflammatory
cytokines).>0-53 This is corroborated by the
data.

This study is subject to several limitations.
Firstly, there is a possibility that several
potential studies were not included in this
study. Secondly, the number of randomized
controlled trials (RCTs) related to pravastatin
in placental disorders is very limited. Thirdly,
the study did not report long-term follow-up
after delivery. Lastly, there was a lack of data
collected to analyze the side effects that
emerged during the study.

Additional clinical trials involving larger
numbers of participants are required to fully
assess the efficacy of pravastatin as a
pharmaceutical intervention to reduce
placental-related disorders. Further research
is needed to determine the optimal dosage,
timing, and duration for administering
pravastatin. Even though there does not seem
to be a risk of fetal deformity, long-term
follow-up studies are necessary before
pravastatin usage in pregnancy is widely
recommended.

CONCLUSION

This study suggests that pravastatin use
may have beneficial effects in reducing the risk
of placental-related disorders (preeclampsia,
preterm birth, and NICU admission) in
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patients. However, to support this conclusion,
it is important to conduct extensive, well-
planned, and adequately powered randomised
controlled trials.
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