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ABSTRACT
Background: Preeclampsia (PE) is a pregnancy disorder that represents a major cause of maternal 
and perinatal morbidity and mortality.
Methods: This network meta-analysis was registered with PROSPERO. We searched the PubMed, 
ClinicalTrials.gov. and Embase databases for studies published from inception to the 31st of 
March 2023. RevMan5.3 software provided by the Cochrane Collaboration was used for direct 
meta-analysis (DMA) statistical analysis. Funnel maps, network meta-analysis (NMA), the surface 
under the cumulative ranking curve (SUCRA) to rank the different interventions and publication 
bias were generated by STATA 17.0 software.
Results: We included eight randomized controlled trials (RCTs) involving a total of 1192 women 
with PE; two studies were of high quality and six were of moderate quality. Eight interventions 
were addressed in the NMA. In the DMA, we found that blood pressure in the Ketanserin group 
were significantly higher than those in the Nicardipine group. NMA showed that blood pressure in 
the Dihydralazine group was significantly higher than that in the Methyldopa, Labetalol, 
Nicardipine and Diltiazem groups. And the blood pressure in the Labetalol group was significantly 
lower than that in the Nicardipine group. SUCRA values showed that Diltiazem was more effective 
in lowering blood pressure than other drugs looked at in this study.
Conclusion: According to the eight RCTs included in this study, Diltiazem was the most effective 
in reducing blood pressure in PE patients; Labetalol and Nicardipine also had good effects. 
Diltiazem is preferred for the treatment of patients with severe PE and high blood pressure.
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Introduction

Preeclampsia (PE) is a pregnancy disorder associated with 
new-onset hypertension, a pregnancy-induced hyperten
sion disorder that usually occurs after 20 weeks of gesta
tion, with new-onset albuminuria and potential 
dysfunction in other organs (1). PE affects 3 to 5% of all 
pregnant women and is a major cause of maternal and 
perinatal morbidity and mortality, killing 76 000 women 
and 500 000 infants worldwide each year (2,3). There is 
a critical need to develop new tools for the prediction, 
early recognition and effective intervention of PE.

PE is characterized by multi-factor heterogeneity, 
multi-mechanism pathogenesis heterogeneity, and 
multi-pathway non-parallelism of pathological changes 
and clinical manifestations (4). PE has more than one 
subtype and has multiple pathophysiological pathways 
that can lead to maternal and fetal mortality and mor
bidity (3). Early-onset PE is commonly associated with 

placental dysfunction, reduced placental volume, 
intrauterine growth restriction, abnormal uterine and 
umbilical artery Doppler assessment, low birth weight, 
multiple organ dysfunction, perinatal death, and poor 
maternal and neonatal outcomes (5). PE is more com
monly associated with a normal placenta, greater pla
cental volume, normal fetal growth, normal uterine and 
umbilical artery Doppler evaluation, normal birth 
weight, and more favorable maternal and neonatal out
comes due to underlying maternal physical disorders. 
Compared with term PE, premature PE is associated 
with higher levels of PE-related liver and kidney dys
function and a higher incidence of neonatal diseases 
(6). Severe preeclampsia may be complicated by kidney, 
heart, lung, liver, and nerve dysfunction, hematological 
disorders, fetal growth restriction, stillbirth, and mater
nal death (7). Furthermore, PE is associated with higher 
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rates of hypertension, ischemic heart disease, recurrent 
acute coronary syndrome, heart failure, stroke, and 
death (8).

Cyclooxygenase (COX)-1 and COX-2-dependent 
effects play an important role in the early stages of 
abnormal placental development and the next stage 
leading to the clinical syndrome of preeclampsia, 
while aspirin, as a COX inhibitor, can play a role in 
PE prevention (9). The current guidelines for PE 
recommend that pregnant women with high risk fac
tors for PE should use aspirin to prevent the develop
ment of PE (1,3,10–14). However, recent research 
results led to new concepts with regards to the applica
tion of aspirin in PE prevention. A randomized con
trolled study from Shanghai, China found that low- 
dose aspirin (25/50/75 mg per day) can prevent PE 
(especially early-onset preeclampsia), and that its effi
cacy is dose-dependent (15). A study by Mirabito 
Colafella et al. proposed that higher doses of aspirin 
inhibit COX-1 and COX-2 simultaneously to prevent 
PE and that low doses of aspirin inhibit COX-1 in 
a selective manner (16). A multicenter, randomized, 
double-blinded study conducted by Daniel Rolnik 
found that prophylactic aspirin therapy in women at 
high risk for PE was protective against preterm PE, but 
not against full-term PE (17). A study by Lan et al. 
found that aspirin had no significant protective effect 
against late-onset PE in high-risk groups (18). Another 
study by Rolnik et al. found that aspirin doses exceed
ing 100 mg, starting before 16 weeks of gestation, were 
highly effective in preventing preterm eclampsia, 
further highlighting the timing and dosage of aspirin 
in the prevention of preterm PE in high-risk groups 
(19). Van Doorn et al. recently performed a meta- 
analysis of the literature relating to aspirin doses 
<150 mg/d and found that aspirin had no significant 
protective effect against premature PE (20). At present, 
preventative measures for PE are limited and the rele
vant effects are controversial; this may be related to 
insufficient screening of the relevant population (21).

Timely identification, effective treatment, termina
tion of pregnancy when necessary, and perinatal man
agement, are key to reducing adverse maternal and fetal 
outcomes associated with PE. The diagnosis of PE is 
based on criteria recommended by the International 
Society for the Study of Hypertension in Pregnancy 
(ISSHP) (3): a systolic blood pressure ≥140 mmHg 
and/or a diastolic blood pressure ≥90 mmHg after 
20 weeks of gestation, accompanied by any of the fol
lowing: urinary protein ≥0.3 g/24 h or urinary protein/ 
creatinine ratio ≥+; no albuminuria but accompanied 
by the involvement of any one organ or system, heart, 
lung, liver, kidney and other important organs; 

abnormal changes in the blood system, digestive sys
tem, nervous system, or involvement of the placental 
fetus. PE can also occur postpartum.

Various blood pressure medications have been used 
to control blood pressure in pre – and post-natal 
women with PE and chronic hypertension. 
Methyldopa, Labetalol, Hydralazine, and Nifedipine 
are first-line drugs for severe PE, while Nicardipine 
and Nodium nitroprusside are second-line drugs (22). 
However, there is no consensus on the treatment of 
non-severe PE. Salt restriction, bed rest, and physical 
activity restriction are not recommended for the pre
vention or treatment of PE without severe features. 
Furthermore, there is no meta-analysis of the efficacy 
of various drugs against PE. In this study, we summar
ized the randomized controlled trials (RCTs) carried 
out in the past and conducted network meta-analysis 
(NMA) on blood pressure control in PE patients taking 
antihypertensive drugs. Our aim was to provide new 
evidence to support the development of medication 
strategies for patients with PE.

Methods

This study followed the Network Meta-Analysis exten
sion of the Preferred Reporting Items for Systematic 
Reviews and Network Meta-Analyses (PRISMA-NMA) 
reporting guideline (23). This network meta-analysis 
was registered with PROSPERO (Reference: 
CRD42023406777).

Search strategy

We searched the PubMed, ClinicalTrials.gov., and 
Embase databases for relevant studies published from 
inception to the 31st of March 2023. Study retrieval 
involved a combination of subject-heading and key
word searches. Search terms included “preeclampsia,” 
“anti-hypertension” and “drug.” The publication type 
of the retrieved studies was limited to randomized 
controlled trials (RCTs), with no language or site 
restrictions.

The diagnostic criteria for PE was in accordance 
with ISSHP guidelines (3): pregnant women at 20 gesta
tional weeks with a systolic blood pressure of 
140 mmHg or over, and/or diastolic blood pressure of 
90 mmHg or over, or associated with any one of the 
following: a quantitative acuity of 0.3 g/24 h urinary 
protein, or a urinary albumin/creatinine ratio of 
0.3 or higher, or random urine protein (+) or the 
unconditional protein quantitative inspection method; 
no proteinuria but associated with any one of the 
following organs or systems: abnormalities of the 
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heart, lungs, liver, kidney, or of the blood, digestive, 
and nervous systems, and involvement of the placental 
fetus. The diagnostic criteria were adjusted according to 
the year in which the study was conducted.

Inclusion and exclusion criteria

Studies included in the NMA met the following criteria 
(1): patients were diagnosed with PE (2); the study was 
an RCT, and (3) all control trials involving anti- 
hypertensive drug treatment for preeclampsia. Any com
parison of one or more anti-hypertensive drug with 
either placebo or a non-anti-hypertensive drug was 
included, as were comparisons of one anti-hypertensive 
drug with another, including those among the same drug 
class; and (4) studies that reported maternal and (or) 
fetal outcomes.

The exclusion criteria were as follows (1): the design 
of the study did not qualify it as a randomized con
trolled study (thus excluding reviews, letters, and 
others) (2); the study did not meet the diagnostic cri
teria for PE (such as gestational hypertension) (3); 
patients had comorbidities such as severe kidney dis
ease, or liver disease (4); anti-hypertensive therapy was 
defined as any pharmacological intervention intended 
to reduce BP. As such, we also excluded trials of drugs 
that were prescribed to reduce the risk of PE.

Data extraction and quality evaluation

Data extraction: Data was abstracted with a review- 
specific form to collect the following information: (i) 
study characteristics (including country, year of publica
tion, eligibility criteria, and definition of non-severe 
hypertension in pregnancy); (ii) characteristics of the 
women (including age, body mass index (BMI), co- 
morbidities, parity, gestational age at enrollment, smok
ing, past obstetric history); (iii) details of the intervention 
(including anti-hypertensive drug, dosage, and route of 
administration; target BP) and co-interventions (includ
ing place of care); and (iv) definitions of trial outcomes. 
Abstraction was undertaken by two reviewers and dis
agreement was addressed by consulting a third author and 
through consensus; if consensus could not be reached, the 
principal investigator adjudicated.

We will include all participants randomized to each 
group in the analyses who had known outcomes. For 
multi-arm studies, double-counting was avoided by 
selecting appropriate pair-wise comparisons. For any 
information that is unclear, we contacted the authors 
of the original reports for further details. The metho
dological quality of the study was evaluated in accor
dance with the Cochrane Collaboration’s tool for 

assessing risk of bias (24). The evaluation included 
random sequence generation, hidden distribution hid
ing, subject and intervention provider blinding, out
come evaluation blinding, outcome data integrity, 
selective outcome reporting, and other sources of bias. 
Disagreement was judged by public discussion. In 
accordance with the Cochrane Collaboration Group 
criteria, we divided the studies into three categories 
(1): low bias risk (low bias risk in all key areas) (2), 
unclear bias risk (unclear bias risk in one or more key 
areas), and (3) high bias risk (high bias risk in one or 
more key areas).

The Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) framework 
was used to assess the quality of evidence for the 
primary outcomes contributing to each network esti
mate (25). All disagreements of quality evaluation were 
resolved through discussion between all authors.

Statistical analysis

Direct meta-analysis (DMA)
RevMan5.3 software (https://revman.cochrane.org/), 
provided by the Cochrane Collaboration, was used for 
DMA statistical analysis, and the relative risk (RR) and 
95% confidence interval (CI), and the mean difference 
and 95% CI, were used as evaluation indices. First, the 
Chi-squared test was used to assess heterogeneity, and 
the existence of heterogeneity (I2) was quantitatively 
analyzed (I2 ≥50%). Meta-analysis was performed with
out heterogeneity; when statistical heterogeneity existed 
among study results, the source of heterogeneity was 
further analyzed, and the influence of obvious clinical 
heterogeneity was excluded and a random effects model 
was adopted. When there was no statistical heterogene
ity, a fixed effects model was applied. Funnel maps were 
created by STATA 17.0 (StataCorp, College Station, TX, 
USA) software to detect publication bias.

Network meta-analysis (NMA)
We performed a frequentist NMA using STATA 17.0 soft
ware. NMA can combine direct and indirect comparisons 
to further analyze the effects of different treatment options 
on maternal-fetal outcomes for PE women. The results of 
the comparisons were expressed as RRs and 95% CIs. 
Moreover, we built a network diagram using STATA 17.0 
software and calculated the surface under the cumulative 
ranking curve (SUCRA) to rank the different interventions 
(26). If one intervention had a higher SUCRA value than 
the others, this indicated that the greater the treatment 
effect, the lower the incidence of adverse reactions. The 
assumption of consistency between direct and circumstan
tial evidence was evaluated using the node splitting method 
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(27). When the direct evidence and indirect evidence were 
consistent (p > 0.05), a consistency model was used, other
wise we used an inconsistency model.

Results

Retrieved results

Following a predesigned literature retrieval strategy, 
217 003 articles were retrieved, but this included 
6285 duplicate articles. After reviewing the titles, 
abstracts, and full texts, we included eight RCTs 
involving a total of 1192 women with PE. The litera
ture screening process and the results are shown in 
Figure 1.

Features incorporated into the study

The basic features of the included studies are shown in 
Table 1. The included studies were published between 1992 
and 2020; two studies (28,29) were of high quality and six 
studies (30–35) were of moderate quality.

Eight interventions were reported in the eight studies: 
Dihydralazine, Epoprostenol, Methyldopa, Isradipine, 
Ketanserin, Nicardipine, Labetalol and Diltiazem.

Quality evaluation

The quality of the included studies was evaluated, and 
the results showed that the blinding of subjects and 
intervention providers was the main source of potential 
bias (Figure 2). This was because blinding was not 

Figure 1. Flow diagram of the study selection process.
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possible in trials, as intravenous drip and oral drugs 
were administered by completely different routes.

Network evidence diagram

Figure 3a shows a network evidence diagram that 
includes the eight interventions addressed in the 
NMA: Dihydralazine, Epoprostenol, Methyldopa, 
Isradipine, Ketanserin, Nicardipine, Labetalol and 
Diltiazem. In Figure 3a, the size of the circles is pro
portional to sample size, the lines between circles repre
sent direct comparative evidence, and the width of the 
lines is proportional to the number of trials.

Direct meta-analysis and network meta-analysis 
results

Figs 3b,c show the DMA and NMA results relating to 
blood pressure level. Figure 4a shows the contribution 
of direct and indirect comparisons to final estimates. 
All eight of the included studies reported the effects of 
different interventions on blood pressure in pregnant 
women with PE.

In the DMA, we found that blood pressure in the 
Ketanserin group was significantly higher than those in 
the Nicardipine group (P < 0.05). No significant differ
ences were observed between the Dihydralazine, 
Epoprostenol, Methyldopa, Isradipine, Labetalol and 
Diltiazem groups.

In the NMA, we found that blood pressure in the 
Dihydralazine group was significantly higher than that 
in the Methyldopa group (147.88, 95% CI: 40.72– 
537.04), Labetalol (394.24, 95% CI: 162.53–956.27), 
Nicardipine (150.60, 95% CI: 41.54–546.00) and 
Diltiazem (1598.04, 95% CI: 26.25–97296.33) groups. 
Blood pressure in the Ketanserin group was 

significantly higher than that in the Labetalol group 
(403.36, 95% CI: 236.61–687.64), Nicardipine group 
(154.08, 95% CI: 52.52–452.04) and Diltiazem group 
(1635.02, 95% CI: 28.55–93622.88). Blood pressure in 
the Ketanserin group was significantly lower than that 
in the Methyldopa group (0.01, 95% CI: 0.00–0.02) and 
Isradipine group (0.00, 95% CI: 0.00–0.52). Blood pres
sure in the Labetalol group was significantly lower than 
that in the Nicardipine group (0.38, 95% CI: 0.15–0.97). 
No significant differences were observed between the 
other groups.

SUCRA

NMA can evaluate the best effect of each intervention 
for different results and sort the interventions by 
SUCRA value; a higher SUCRA value indicates 
a better intervention or a lower incidence of adverse 
reactions. Figure 4b shows the detailed ranking results. 
According to Figure 4b, blood pressure in the 
Epoprostenol group was the lowest, and diltiazem was 
more effective, compared to other drugs that were 
looked at in this study

Publication bias

Figure 4c shows a comparison-adjusted funnel dia
gram. All studies on the funnel map are symmetri
cally distributed with respect to the vertical line 
X = 0, indicating that there were no significant 
small-sample effects or publication bias. Finally, 
Figure 4d shows that no loop inconsistency existed 
in this NMA.

Table 1. Characteristics of included RCT studies.

ID author Country publication year recruitment year
total 

number randomization blinding
withdrawl and 

dropouts GRADE

1 J. MOODLEY South 
Africa

1992 NR 47 NR YES 0 Moderate 
quality

2 Sven Montan Singapore 1996 NR 21 NR YES 0 Moderate 
quality

3 Antoinette 
C. Bolte

Netherlands 1999 NR 44 NR YES 0 Moderate 
quality

4 S. Elatrous Tunisia 2002 1995–1996 60 NR YES 0 Moderate 
quality

5 Lidwien M. Hanff Austria 2005 2002–2004 54 NR YES 0 Moderate 
quality

6 Sebastiaan 
W. Nij Bijvank

Netherlands 2015 2002–2005 30 randomization codes YES 0 High 
quality

7 Thomas 
Easterling

USA 2019 NR 894 sequentially numbered 
envelopes were used

YES 0 High 
quality

8 Gilberto Arias- 
Hern´andez

Mexico 2020 NR 42 random-numbers table and 
central allocation

YES 0 Moderate 
quality

RCT: randomized controlled trial; NR: none report. 
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Discussion

In this study, NMA revealed that Diltiazem had the best 
effect on reducing blood pressure in patients with; 
Labetalol and Nicardipine were also effective. At pre
sent, Diltiazem is preferentially used to treat patients 
with severe PE and hypertension.

Diltiazem is an alternative calcium antagonist that is 
1000-fold less potent than Nifedipine and has selective 
vasodilator arterial bed properties (36–40). Therefore, 
Diltiazem has little effect on venous return and cardiac 
function, thus allowing for better cell perfusion than 
Nifedipine (36,37). Many studies have reported that 
Diltiazem has a large safety margin and fewer side 
effects due to its pharmacological properties (36,38). 
Arias-Hernández’s et al. (35) reported that Diltiazem 
met international standards for blood pressure in 

women with PE, and that both systolic and diastolic 
blood pressure were reduced in a uniform manner. The 
incidence of hypotension in the Diltiazem group was 
0.036–0.296-fold times lower than in the Nifedipine 
group. With regards to the effects of Diltiazem used 
during pregnancy on maternal and fetal outcomes, 
calcium channel blocking antihypertensive drugs, 
including Nifedipine and Diltiazem, are currently con
sidered safe (41).

Labetalol lowers blood pressure by blocking beta- 
and alpha-adrenergic receptors. In addition, labetalol 
protects uterine placental blood flow better than other 
beta-blockers. Compared to methyldopa, Labetalol 
works faster (2 h). Randomized clinical trials compar
ing Labetalol with Methyldopa or Nifedipine have 
shown that Labetalol is safe for use during pregnancy 

Figure 2. Bias risk assessment of the RCTs.
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(42,43). Labetalol has been shown to cause maternal 
hepatotoxicity. It is important to recognize this side 
effect because it can be confused with HELLP (elevated 

hemolysis, liver enzymes, and low platelet count) syn
drome. Most of the liver toxicity caused by Labetalol is 
reversible, although deaths have been reported (44).

Figure 3. (a) Network plot of eligible comparisons between different strategies. (b) Direct meta-analysis results. Interventions. (c) 
Network meta-analysis results. Interventions.
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Nicardipine is considered as a second-generation 
dihydropyridine calcium antagonist that dilates periph
eral blood vessels, cerebral vessels, coronary arteries, 
and renal arterioles (45). Nicardipine can also increase 
blood flow to different organs, thus reducing lower 
blood pressure. In clinical application, Nicardipine 
can significantly reduce arterial pressure, while main
taining no significant change in uterine and placental 
perfusion. In addition, nicardipine was well tolerated by 
mothers and their fetuses. Nicardipine, however, is 
highly irritating to blood vessels (46). The symptoms 
caused by phlebitis mainly include pain, redness, 
sclerosis and a cord-like appearance, which may occur 
along the vein, thus increasing difficulty and risk; this is 
of great significance for clinical follow-up management 
(47–49).

In the process of inclusion in the screening study, we 
observed the auxiliary effects of supplements (such as 
fatty preparations) and non-antihypertensive drugs 
(including pravastatin and proton pump inhibitors) 
on PE. Prenatal lipid supplementation has been 
shown to improve maternal-fetal outcomes in under
weight patients with PE (50,51). Pravastatin is a lipid- 
lowering drug that is widely used to reduce the risk of 
cardiovascular events and has received the most atten
tion of all drug candidates (other than aspirin and 
calcium) over the past decade because of its potential 
to treat or prevent PE (52,53). Proton pump inhibitors 
are widely used to relieve symptomatic acid reflux by 
reducing acid production in the stomach, including 
during pregnancy. We published preclinical evidence 
that in pregnancy and similar to pravastatin, proton 
pump inhibitors (lansoprazole, rabeprazole, and esome
prazole) can reduce placental release of sFlt-1 and sEng 
(but at lower concentrations than pravastatin) in vitro 
(54–56). However, studies on the effects of these other 
drugs and supplements on PE are very limited.

This study has the certain limitations that need to be 
considered. We only selected RCTs in this study and 
the inclusion requirements were relatively strict. The 
total number of included studies and the number of 
sample cases were limited, and the representativeness of 
the results was limited. In this study, NMA was only 
conducted on the blood pressure control of PE patients 
with various antihypertensive drugs. All antihyperten
sive drugs can cross the placenta. Currently, there are 
no randomized controlled trials to recommend the use 
of an antihypertensive drug. However, certain 

Figure 4. (a) Contribution of DMA and NMA. Interventions. 
(b) The surface under the cumulative ranking curve (SUCRA). 
(c) Comparison-adjusted funnel plot (points with different col
ors represent different interventions). (d) Loop-consistency plot.
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medications are effective in lowering blood pressure 
and have an acceptable safety profile during pregnancy. 
Due to the limitation of inclusion in this study, NMA 
was not conducted on the maternal-fetal outcome and 
possible side effects under the action of different drugs. 
In addition, parenteral or oral therapy must be consid
ered as the preferred option when selecting a specific 
drug. Due the limited body of literature, subgroup 
analysis of drug routes was not conducted in this 
study. Finally, due to the large time span of the 
included literature, differences in PE diagnostic criteria 
inevitably occurred, as well as bias caused by the itera
tion of detection technology accompanied by scientific 
and technological progress. Therefore, the results of 
this study should be interpreted with caution.

Conclusion

According to the eight RCTs included in this study, 
Diltiazem was the most effective in reducing PE blood 
pressure, although Labetalol and Nicardipine also had 
good effects. Diltiazem is preferred for treating patients 
with severe PE and high blood pressure levels. 
However, the side effects of drugs were not considered 
in this study, and the selection of antihypertensive 
drugs for PE in the clinic should also consider the 
specific situation of patients to develop personalized 
programs. The selection of highly effective drugs for 
PE with low side effects still needs to be investigated in 
large multicenter RCTs.
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