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Abstract
Introduction: To conducted a Bayesian network meta-analysis to determine the efficacy, safety and precision of pharmacological treatment for pregnancy-
induced hypertension (PIH).

Methods: Randomized controlled trials were searched in 11 electronic databases from their establishment to October 31, 2021. Randomized controlled trials 
which using drugs to treat women with hypertension during pregnancy were included. The traditional pair-wise meta-analysis was done by using Stata 15, and 
Bayesian network meta-analysis was done with Win BUGS version 14.3. The dichotomous and continuous variable were described by relative risk and mean 
difference, 95% confidence interval was used in all outcomes

Results: 47 trials were included with 5717 participants and 19 drugs. The traditional pair-wise meta-analysis was performed by using Stata 15 and Bayesian 
network meta-analysis was done with Win BUGS version 14.3. The results showed that nifedipine and hydralazine had the most significant effects on systolic 
blood pressure and diastolic blood pressure, respectively. Labetalol and nifedipine were the safest treatment for pregnant women, and methyldopa and labetalol 
were the safest treatment for newborns and fetuses, respectively.

Conclusions: This study was the first most large-scale and comprehensive research of pharmacological treatments for PIH. The results showed that nifedipine 
had good efficacy and no obvious adverse reactions. So we think that it should be firstly recommend for PIH treatment, especially for severe hypertension. 
Our findings will help experts develop new guidelines for PIH treatment to better guide clinical medication for protecting the health of pregnancy women and 
offspring.
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Abbreviations
CrI: Credibility Intervals; DBP: Diastolic Blood Pressure; MD: 

Mean Difference; PIH: Pregnancy-Induced Hypertension; RR: 
Relative Risk; SBP: Systolic Blood Pressure; Who: World Health 

Organization

Introduction
Pregnancy-Induced Hypertension (PIH) is a form of high 

blood pressure during pregnancy, which is defined as Systolic Blood 
Pressure (SBP) ≥140 mmHg and/or Diastolic Blood Pressure (DBP) 
≥90 mmHg on the basis of measurements in office/clinic settings. 
And it may be divided into 3 grades: mild (SBP 140 ~ 149 mmHg 
and DBP 90 ~ 99 mmHg), moderate (SBP 150 ~ 159 mmHg and DBP 
100 ~ 109 mmHg) and severe (SBP ≥ 160 and DBP ≥ 110 mmHg) [1]. 
Hypertensive disorders of pregnancy are classified into (1) chronic 
hypertension diagnosed before pregnancy or 20 weeks’ gestation, (2) 
gestational hypertension diagnosed at ≥ 20 weeks, (3) pre-eclampsia 
defined as gestational hypertension with proteinuria or the end-
organ manifestation consistent with pre-eclampsia [2]. According to 
the WHO, PIH affects approximately 5 to 10 percent of all pregnant 
women in the word and is the major cause of maternal, neonatal and 
fetal morbidity and mortality [3]. It remains the scourge of obstetrics 
practice as well. The identification of superimposed pre-eclampsia in 
pregnant women with chronic hypertension requires special vigilance, 
which is an extremely serious life-threatening episode in women [4]. 
A large number of pregnant and lying-in women died from PIH all 
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over the world [5], accounting for approximately 80% of maternal 
deaths. Antihypertensive treatment is recommended for women 
with chronic hypertension, as it has been suggested to reduce the 
risk of severe maternal hypertension. The common antihypertensive 
drugs for PIH include labetalol (a non-selective α and β blocker), 
nifedipine (a calcium channel blocker), methyldopa (anα2 adrenergic 
agonist) and hydralazine (a vasodilator) [6]. Thiazide diuretics are 
used occasionally during pregnancy [7]. Although these drugs have 
been used for several decades, there is no consensus on the relative 
efficacy and safety of drugs for pregnancy women with chronic 
hypertension. Currently, the main treatment strategy for PIH is only 
based on expert opinions and clinical observation without more 
evidences from randomized controlled trials [8]. It is a challenging 
task to comprehensively analyze the current clinical evidences on 
the efficacy and safety of pharmacological treatments for PIH by 
using traditional meta-analysis methods due to the lack of head-to-
head trials that directly compare certain treatments among existing 
trials. Bayesian network meta-analysis enables the comparison of 
multiple interventions to incorporate clinical evidence from both 
direct and indirect treatment comparisons in a network of treatments 
and associated trials [9], which can quantify the effects of different 
interventions on the treatment of the same disease, and rank the 
effectiveness of a certain outcome index, so as to help decision makers 
choose the best treatment plan [10-12]. Although some published 
meta-analyses have also studied the efficacy and safety of drug 
treatment for PIH [13,14], the results only showed that clinical efficacy 
of several drugs was similar without comprehensive sequencing of 
drugs, and they cannot guide clinical precision medication. So it is 
important to conduct a comprehensive network meta-analysis to 
rank the compacting drugs and draw a systematic conclusion. This 
study aimed to comprehensively evaluate the precise efficacy and 
safety of pharmacological treatments for PIH and to find out the 
therapeutic characteristics of each drug. And the effects of each drug 
on the mother, fetus and newborn were fully considered, which filled 
a crucial gap in precision medicine. Our findings will help experts to 
improve guidelines for PIH.

Methods
This Bayesian network meta-analysis was conducted and 

reported following the PRISMA [15] with Cochrane methodology 
[16]. This study has been registered and the PROSPERO number is 
CRD42020205069.

Literature search
From the establishment of each electronic databases to October 

31, 2021, randomized controlled trials using medicine to treat PIH 
were searched in the following 11 electronic databases: Medline, 
Embase, Cochrane Library, PubMed, Web of Science, Springer link, 
ClinicalTrials.gov, the Chinese National Knowledge Infrastructure, 
Chinese Biomedical Literature Database, Wan fang Database and 
Weipu Database. A supplementary manual search was performed 
for relevant references of PIH. MeSH terms were used, and trials 
will be included if the title, original title, abstract, name of substance 
word, subject heading word, keyword, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word or unique identifier contained both “gestational” or 
“pregnant” or “pregnancy” and “random”. All literature searches 
were limited to pregnant women with hypertension. And we do not 
specify the language and status of publications in our literature search. 
Additionally, we manually searched bibliographies of included trials 
and related articles for additional references.

Inclusion criteria
Types of studies: This network meta-analysis included 

randomized controlled trials, in which some drugs were used to treat 
PIH. Trials were excluded if: (a) they were not randomized; (b) no 
control group was used; (c) no drugs aimed to reduce blood pressure; 
(d) they had indeterminacy of measurement index outcome criterion; 
(e) no data could be extracted from the outcomes in the trial; (f) 
case reports, reviews, experience sharing, etc.; (g) they were animal 
experiments; (h) repeatedly published articles and plagiarized studies.

Types of participants: This study included women with 
hypertension during pregnancy, defined as SBP greater than 140 to 
169 mmHg and DBP more than 90 mmHg. Women were chosen 
regardless of prior antihypertensive treatment, proteinuria, single 
pregnancy or multiple pregnancies. And we have no restrictions on 
race. However, women were excluded if they gave birth before the trial 
began or had other medical conditions.

Types of interventions: Trials comparing antihypertensive drugs 
with placebo or different antihypertensive drugs were included. Trials 
were excluded if the same drug was compared among different dosage 
forms. Trials that contained the drugs which aimed at reducing the risk 
of PIH progressing to pre-eclampsia but were not antihypertensive 
ones were also excluded.

Types of outcome measures: The primary outcome was defined 
as blood pressure which included SBP and DBP, as well as maternal 
adverse reaction. The secondary outcomes included clinical effect, 
mean arterial pressure, mean pulse, fetal adverse reactions and 
neonatal adverse reactions.

Study selection and data extraction
Two researchers who participated in training and calibration 

exercises before starting the screening processes independently 
screened the titles and abstracts of potential eligible trials which 
were in duplicate, then they retrieved independently and reviewed 
the full text of the possible trials in duplicate based on the inclusion 
and exclusion criteria and compared their results. If there was 
disagreement, they agreed through discussion, or submitted it to a 
third party for evaluation. The screening process was conducted in 
Endnote X9. Then according to the inclusion and exclusion criteria 
mentioned above, the two researchers used standardized tables to 
independently extract data in duplicate from all eligible trials. In case 
of disagreement, they agreed through discussion or submitted it to a 
third party.

Assessment of risk of bias
Two reviewers assessed the methodological quality of each 

included study independently by using ROB 2.0, which comprised 
the following 7 aspects: random sequence generation, allocation 
concealment, blind method, incomplete result data, selective 
reporting, and other biases. The quality assessment results of each item 
can be divided into three grades: “low risk”, “high risk” and “unclear”. 
The more rigorous the design and the higher the methodological 
quality of each RCT, the lower the risk coefficient. If none of the above 
7 aspects was reported in the trial, the aspect was considered to be 
“unclear”. When necessary, the consensus on this issue was studied 
with the help of a third party.

Data analysis
The traditional pair-wise meta-analysis was done by using Stata 15 

(StataCorp, College Station, TX, USA) and Bayesian network meta-
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analysis was done with Win BUGS version 14.3 (MRC Biostatistics Unit, 
Cambridge, UK). Both the continuous and dichotomous outcomes 
were derived from the included trials without any conversion. The 
dichotomous outcomes were described by Relative Risk (RR) and 95% 
Credibility Intervals (CrI), and Mean Difference (MD) and 95% CrI 
were used to describe the effect value of the inter-group comparison. 
Heterogeneity was determined according to the results of I2 test. I2< 
50% indicated the low heterogeneity of inter-study, and the fixed 
effect model was adopted. Furthermore, the random effect model was 
adopted when I2> 50% [17]. Direct estimates of any two interventions 
were obtained by pooling data from clinical trials which compared the 
same interventions face to face. And the mixed treatment comparison 
estimates of interventions were obtained by combining direct clinical 
trial data for comparative interventions with the indirect estimates 
between the interventions through a common comparator. Normal 
prior distributions, non-informative uniform and 3 different sets of 
starting values were used to fit the model 4 chains, 2.5 initial values 
scaling, 20000 tuning iterations, 50000 simulation iterations and 10 
thinning interval were used to obtain the posterior distributions 
of model parameters. Subgroup analysis was used to evaluate the 
therapeutic effects among different drugs. Inverted funnel plots and 
Egger’s regression test were used to determine publication bias when 
the number of included studies exceeded 10 in the network meta-
analysis [18].

Results
Study selection

Based on the above retrieval strategy, a total of 2614 potentially 
relevant trials were retrieved from 11 electronic databases, and 1725 
trials were retrieved after 889 duplicates were deleted. After screening 
the titles and abstracts, 1412 articles were excluded because they did 
not comply with the inclusion criteria, and 313 trials initially met the 
predetermined requirements and their full texts were read for detailed 
assessment. Finally, 47 trials were included for meta-analysis [19-65]. 
The PRISMA flow diagram of literature retrieval process was shown in 
Figure 1. All included trials have been published as full article.

Study characteristics
Table 1 summarized the basic characteristics of the eligible 47 

trials, all of which were published in English. And a total of 5717 
women with PIH and 19 drugs were included. Sample sizes ranged 
from 16 to 894. In these 47 trials, 8 were multicenter randomized 
controlled ones [22,25,27,28,31,38,52,58], and 7 were three-arms 
ones [22,25,36,40,57,59,64]. Figure 2 provided the network plot of 
all the trials included and each outcome. Figure 3 showed the pooled 
hazard ratios of different drugs for outcomes. In addition, the specific 
percentage ranking of competing drugs was revealed in Table S1, and 
the drug ranking histogram was shown in Figure S1.

Risk of bias
The methodological quality of 47 eligible trials was summarized 

in Table S2, and the criteria in the Cochrane Handbook for Systematic 
Reviews of Interventions were used to assess the risk of bias in the study 
[16]. Although all included trials were declared randomized, 10 trials 
did not report the adequate sequence generation, 1 trial was drawn 
by lottery and 1 used medical order, which might lead to high risk. 23 
and 21 trials did not report whether allocation concealment and the 
blind method were used respectively. Figure 3 provided the funnel plot 
of the trials, indicating that there was no obvious publication bias in 
the trials. Most of the outcomes showed small heterogeneity between 

included trials, but a few showed slightly higher heterogeneity, which 
may be related to the usage among different races.

Outcomes
Blood pressure: The levels of SBP and DBP at baseline and 

after intervention were reported in 19 trials of 1695 patients 
[20,24,27,28,31,32,37,40,44-46,48,50,57,58,60,62-64]. These trials 
contained a total of 13 antihypertensive drugs. Figure S3 and 4 
provided the forest plots for the network meta-analysis of each relevant 
drug. Only one trial comparing nicardipine with labetalol exhibited an 
obvious difference in SBP (MD,0.55; 95% CrI,0.04 to 1.07) [50], and 
the meta-analysis found that using hydralazine alone could lower DBP 
better than its combination with pindolol (MD,-0.83; 95% CrI,-1.45 to 
-0.22) [60]. Although agnesium sulfate could remarkably reduce SBP 
(MD,1.36; 95% CrI,0.99 to 1.73) and DBP (MD,1.74; 95% CrI,1.34 to 
2.13) comparing to nifedipine [20], SBP (MD,-4.35; 95% CrI,-5.56 to 
-3.05) and DBP (MD,-4.00; 95% CrI,-5.23 to -2.78) were significantly 
decreased in methyldopa group compared with pindolol [62], all of 
which contained only one trial. In comparison to placebo, metoprolol 
established a significant lowering effect on DBP (MD, 0.89; 95% CrI, 
0.32 to 1.46) [63], and oxprenolol could reduce more SBP (MD, 1.55; 
95% CrI, 1.16 to 1.93) and DBP (MD, 1.75; 95% CrI, 1.35 to 2.15), 
64 but labetalol showed a poor efficacy in SBP (MD, -1.81; 95% CrI, 
-2.27 to -1.34) and DBP (MD, -1.99; 95% CrI, -2.47 to -1.51) [40]. The 
results of network meta-analysis showed that nifedipine was the most 
effective drug for reducing SBP, followed by methyldopa, labetalol 
and hydralazine. And it also identified that hydralazine had the most 
significant effects for decreasing DBP.

Maternal adverse reaction: Maternal adverse reactions referred 
to all adverse reactions that occurred to pregnant woman in each 
trial. 41 trials involving 5396 patients and 19 kinds of drugs reported 
maternal adverse reaction [19,21-23,25-30,32-43,45-53,55-64], the 
forest plots of the network meta-analysis of all relevant drugs were 
exhibited in Figure S5. Meta-analysis identified that maternal adverse 

Figure 1: PRISMA flow diagram of literature selection.
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Table 1: Characteristic of the 47 trials included in the Bayesian network meta-analysis.

Author(s) Country Race Gestational weeks Age
Sample size 

(experimental/
control)

Time 
frame (y) Contrast drugs Outcome measures

Sahai India Black ≥ 34 weeks 20-45 years 30/30 2016.10-
2017.9 nifedipine vs. labetalol neonatal and fetal 

adverse reaction

Xiang China Yellow 24-36 weeks 21-42 years 59/59 2017.4-
2018.6

magnesium sulfate + 
nifedipine 

vs. magnesium sulfate

blood pressure, clinical 
effect,

Easterling India Black ≥ 28 weeks ≥ 18 years 298/295/301 2015.4-
2017.8

nifedipine vs. labetalol 
vs. methyldopa

clinical effect, neonatal 
adverse reaction

Jamil India Black ≥ 28 weeks 21.2±5.2/20.86±4.2 
years 30/30 2008.9-

2010.4 nifedipinevs. labetalol neonatal adverse 
reaction

Salama Egypt White/
Black 6-10 weeks 20-40 years 166/160/164 2017.8-

2018.8
methyldopa vs. 

nifedipine vs. placebo
maternal, neonatal and 
fetal adverse reaction

Wen and Li China Yellow 28-39 weeks 20-34 years 80/80 2016.9-
2018.2

phentolamine 
+ nifedipine + 

magnesium sulfate vs. 
magnesium sulfate

clinical effect, maternal 
and neonatal adverse 

reaction

Gainder India Black 26-40weeks NR 15/15 2012.7-
2013.11 nifedipine vs. labetalol blood pressure

Patel India Black ≥ 28 weeks NR 76/76 2015.12-
2016.11 labetalol vs. hydralazine

blood pressure, mean 
arterial pressure, 

maternal and neonatal 
adverse reaction

Wajid Pakistan White ≥ 20 weeks 20-35 years 165/165 NR Labetalol vs. 
hydralazine

maternal adverse 
reaction

Khan Pakistan White 24-37 weeks ≥ 15 years 39/39 2012.11-
2013.4 labetalol vs. hydralazine blood pressure and 

mean arterial pressure

Sharma India Black ≥ 24 weeks 18-45 years 30/30 2014.12-
2015.9

nifedipine vs. 
hydralazine

maternal and neonatal 
adverse reaction

Shabnum Pakistan White ≥ 20 weeks 20-35 years 50/50 2016.8-
2017.1 labetalol vs. hydralazine maternal adverse 

reaction

Webster The UK White ≥ 20 weeks ≥ 18 years 56/58 2014.8-
2015.10 labetalol vs. nifedipine

blood pressure, mean 
arterial pressure, 

maternal and neonatal 
adverse reaction

Liu China Yellow 3-15 weeks 18-50 years 50/48 2012.10-
2015.10 aspirin vs. placebo maternal and fetal 

adverse reaction

Sabir Pakistan White ≥ 20 weeks 25.2±4.68/25.1±5.11 
years 50/50 2014.11-

2015.11
nifedipine vs. 
hydralazine

maternal and fetal 
adverse reaction

Singh India Black ≥ 34 weeks < 30 years 50/50 2013.10-
2015.9 labetalol vs. hydralazine

blood pressure, mean 
arterial pressure, pulse, 

maternal and fetal 
adverse reaction

Bijvanka The 
Netherlands White ≤ 32 weeks ≥ 18 years 15/15 NR ketanserin vs. 

dihydralazine

clinical effect, maternal, 
neonatal and fetal 
adverse reaction

Delgado Panama White/
Black ≥ 24 weeks 26.3±7.1/26.5±6.8 

years 130/131 2012.7-
2013.5 labetalol vs. hydralazine

blood pressure, mean 
arterial pressure and 

maternal adverse 
reaction

Gracia Panama White/
Black ≤ 20 weeks 34.1±5.3/34.5±4.8 

years 21/20/29 2010.1-
2012.9

furosemide vs. 
amlodipine vs. aspirin

maternal, neonatal and 
fetal adverse reaction

Shekhar India Black ≥ 24 weeks 18-45 years 30/30 2012.10-
2013.4 labetalol vs. nifedipine maternal, neonatal and 

fetal adverse reaction

Dhali India Black ≥ 22 weeks 20-35 years 50/50 NR labetalol vs. nifedipine maternal and neonatal 
adverse reaction

Lakshmi India Black ≥ 28 weeks 23.4±3.8/ 24.6±3.3 
years 50/50 2008.9-

2010.4 labetalol vs. nifedipine maternal, neonatal and 
fetal adverse reaction

Molvi India Black 20-38 weeks 25.66±2.76/25.18±4.
08/24.94±2.59 years 50/49/50 2005.8-

2007.1
labetalol vs. 

methyldopa vs. placebo

blood pressure, 
maternal, neonatal and 
fetal adverse reaction

Verma India Black 20-40 weeks NR 45/45 NR labetalol vs. 
methyldopa

maternal and neonatal 
adverse reaction

Baggio Brazil White/
Black 20-32 weeks 28.4±7.8/31.0±7.8 

years 8-Aug NR labetalol vs. hydralazine blood pressure

Rezaei Iran White ≥ 24 weeks 18-45 years 25/25 NR nifedipine vs. 
hydralazine

maternal and neonatal 
adverse reaction

Bharathi India Black ≥ 20 weeks NR 25/25 2006.7-
2007.7

nifedipine vs. 
methyldopa

blood pressure and 
maternal adverse 

reaction
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reaction in the nifedipine group decreased significantly comparing 
to magnesium sulfate (RR, 1.88; 95% CrI, 1.31 to 2.70) [23]. And 
compared with methyldopa, there was an obvious lowering effect on 
maternal adverse reaction for pindolol (RR, 0.43; 95% CrI, 0.22 to 
0.83) [62]. It was also found that hydralazine combined with pindolol 
could produce fewer adverse reactions than hydralazine alone (RR, 
2.74; 95% CrI, 1.04 to 7.19) [60]. In comparison to placebo, maternal 
adverse reaction was significantly lower in the aspirin group (RR, 
0.37; 95% CrI, 0.14 to 0.96) [34], but oxprenolol could product more 
smaternal adverse reactions (RR, 3.75; 95% CrI, 2.51 to 5.59) [64]. 
The Bayesian network meta-analysis identified that treating PIH with 
labetalol or nifedipine had fewer maternal adverse reactions than 
methyldopa.

Clinical effect: The clinical effect standard was divided into 
cure, apparent efficacy, effectiveness and ineffectiveness. Except for 

ineffectiveness, all indicators were used to evaluate the clinical effect, 
which were reported in 6 trials involving 1352 participants and 9 drugs 
[20,23,25,35,50,61]. Figure S6 showed the forest plots of the network 
meta-analysis of all relevant drugs. The meta-analysis revealed that 
methyldopa had more remarkable clinical effect than nifedipine in the 
treatment of PIH (RR, 1.09; 95% CrI, 1.01 to 1.19) [25]. Compared 
with diazoxide, labetalol exhibited a significant improvement on 
clinical effect (RR, 1.35; 95% CrI, 1.10 to 1.67) [61]. The Bayesian 
network meta-analysis identified that treating PIH with labetalol or 
nifedipine had fewer maternal adverse reactions than methyldopa. 
Due to the small number of trials which reported clinical effect, a 
closed ring was not formed in the network plot, moreover, mixed 
treatment comparison and drug sequencing could not be performed.

Mean arterial pressure: Only 5 trials reported mean arterial 
pressure, which contained 705 patients and 3 kinds of drugs 

Neri Italy White ≤ 16 weeks 34.4±4.1/33.7±3.8 
years 40/39 2006.9-

2008.6 L-arginine vs. placebo
blood pressure, 

maternal and neonatal 
adverse reaction

Facchinetti Italy White 24-36 weeks 32.8±5.4/32.6± 4.9 
years 40/40 2001.1-

2002.6 L-arginine vs. placebo
blood pressure, 

maternal and neonatal 
adverse reaction

Vigil-De Panama White/
Black NR 31.3±5.5/29.9±5.9 

years 40/42 NR labetalol vs. hydralazine maternal adverse 
reaction

Vigil-De Panama White/
Black ≥ 24 weeks 29.3±6.8/29.9±6.4 

years 100/100 2003.12-
2004.11 labetalol vs. hydralazine maternal, neonatal and 

fetal adverse reaction

Elatrous Tunisia Black ≥ 24 weeks ≥ 18 years 30/30 1995.1-
1996.1 nicardipine vs. labetalol

blood pressure, clinical 
effect and maternal 

adverse reaction

Vermillion The US White ≥ 24 weeks 18-45 years 25/25 NR nifedipine vs. labetalol maternal, neonatal and 
fetal adverse reaction

Parazzini Italy White 12-34 weeks 31.3±5.6/31.2±5.6 
years 132/129 NR nifedipine vs.placebo maternal, neonatal and 

fetal adverse reaction

Howarth Africa Black 25-34 weeks 20-38 years 20/9 NR urapidil vs. 
dihydralazine

maternal adverse 
reaction

Hirsch Israel White ≤ 35 weeks 33±5/33±6 years 15/12 NR pindolol vs. placebo neonatal adverse 
reaction

El-
Qarmalawi Kuwait White ≥ 20 weeks 24.3±1.7/25.2±1.7 

years 54/50 NR labetalol vs. 
methyldopa

maternal and neonatal 
adverse reaction

Hjertberg Sweden White 25-34 weeks 20-38 years 7/7/2008 1986-1987
labetalol + hydralazine 

vs. labetalol vs. 
hydralazine

maternal and neonatal 
adverse reaction

Martins-
Costa Brazil White/

Black NR 21±4/21±6 years 20/17 NR nifedipine vs. 
hydralazine

blood pressure, pulse 
and maternal adverse 

reaction

Moodley 
and Gouws Africa Black ≥ 33 weeks 21.45±4.13/ 

21.52±5.04 years 22/25 NR epoprostenol vs. 
dihydralazine

blood pressure, pulse, 
maternal and neonatal 

adverse reaction

Sibai The US White 11.2±0.2/11.2±0.2/ 
11.3±0.2weeks

30.9±0.7/28.9±0.7/ 
29.0±0.6 years 87/86/90 NR methyldopa vs. 

labetalol vs. placebo
maternal and neonatal 

adverse reaction

Ellenbogen Israel White 27-33 weeks 30.4±1.94/ 
28.39±1.54 years 16/16 1982.1-

1984.2
pindolol vs. 
methyldopa

blood pressure and 
maternal adverse 

reaction

Michael Australia White 25-38 weeks 24.5±9.5/22.3±7.6 
years 45/45 1974-1983 diazoxide vs. labetalol

clinical effect, maternal, 
neonatal and fetal 
adverse reaction

Rosenfeld Israel White ≤ 36 weeks 20-44 years 23/21 NR pindolol + hydralazine 
vs. hydralazine

blood pressure, pulse, 
maternal and neonatal 

adverse reaction

Wichman Sweden White ≤ 37 weeks 27±5/28±5 years 26/26 1981.1-
1983.4 metoprolol vs. placebo

blood pressure and 
maternal adverse 

reaction

Fidler Canada White 30.9±7.5/29.9±8.5/ 
30.5±7.9weeks

29±6/30±6/28±6 
years 50/50/96 NR oxprenolol vs. 

methyldopa vs. placebo

blood pressure, 
maternal and fetal 
adverse reaction

Gallery Australia White NR 28.5±0.74/27.7±0.95 
years 27/25 NR oxprenolol vs. 

methyldopa
neonatal and fetal 
adverse reaction

NR: Not Reported

C:/Program Files (x86)/Youdao/Dict/8.6.2.0/resultui/html/index.html#/javascript:;
C:/Program Files (x86)/Youdao/Dict/8.6.2.0/resultui/html/index.html#/javascript:;
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[27,28,31,32,37]. The forest plots were shown in Figure S7. Meta-
analysis identified that there was no obvious difference on mean 
arterial pressure among the included drugs. Mixed treatment 
comparison and drug sequencing were not performed, because a 
closed ring was not formed in the network plot.

Pulse: Pulse was only reported in 4 trials, which included 228 
patients and 6 drugs [32,57,58,60], and Figure S8 exhibited the forest 
plots of the network meta-analysis. Labetalol had an obvious lowing 
effect on pulse compared with hydralazine (MD, -1.38; 95% CrI, -1.82 
to -0.95) [32], and the effect of hydralazine combined with pindolol on 
pulse improvement was more significant than that of single use (MD, 
3.44; 95% CrI, 2.50 to 4.39) [60]. And in comparison to dihydralazine, 
meta-analysis showed that epoprostenol had a remarkable decrease 
on pulse (MD, -0.90; 95% CrI, -0.15 to -0.30) [57]. It should be noted 
that the mixed treatment comparison and drug sequencing were not 
performed because there was no closed ring in the network plot.

Neonatal adverse reaction: Neonatal adverse reactions referred 
to all adverse reactions that happened to newborn in each trial. 29 
included trials involved 3985 participants and 17 drugs in total 
reported neonatal adverse reactions [19,21-23,25,27-29,35,36,38-
43,45,48,49,51,52,54-57,59-61,65]. The forest plots of the network 
meta-analysis of all relevant drugs were exhibited in Figure S9. An 
obvious lowing effect on neonatal adverse reaction of labetalol was 
identified compared with diazoxide (RR, 1.25; 95% CrI, 1.07 to 1.45) 
[61]. In comparison to nifedipine, neonatal adverse reaction was 

significantly lower in the methyldopa group (RR, 0.66; 95% CrI, 0.50 
to 0.86) [22,25]. And meta-anlysis evaluated that using nifedipine 
to treat PIH could greatly reduce more neonatal adverse reaction 
than magnesium sulfate (RR, 6.25; 95% CrI, 2.28 to 17.14) [23], and 
in comparison to placebo, L-arginine caused less neonatal adverse 
reactions (RR, 0.55; 95% CrI, 0.32 to 0.92) [45]. The Bayesian network 
meta-analysis revealed that treating PIH with methyldopa produced 
the least neonatal adverse reactions followed by nifedipine, labetalol 
and hydralazine.

Fetal adverse reaction: Fetal adverse reactions referred to all 
adverse reactions that happened to fetuses in each trial. And a total 
of 2106 patients and 11 drugs were reported in 16 trials [19,22,32-
36,38,40,41,47,51,52,61,64,65]. Figure S10 showed the forest plots of 
all relevant drugs. However, there was no obvious difference among 
included drugs according to traditional meta-analysis. The Bayesian 
network meta-analysis showed that treating PIH with labetalol had 
the least fetal adverse reactions. Nifedipine and hydralazine had 
similar effects on fetal adverse reactions, but both were inferior to 
labetalol and superior to methyldopa and other drugs.

Discussion
The efficacy and safety of pharmacological treatments for PIH 

were evaluated by Bayesian network meta-analysis. 47 trials containing 
5717 participants and 19 drugs were included. The network meta-
analysis identified that nifedipine and hydralazine were the most 
effective drugs for reducing SBP and DBP, respectively. Dihydralazine 

Figure 2: Network plot of the comparisons for the Bayesian network meta-analysis. (A) total, (B) blood pressure, (C) maternal adverse reaction, (D) clinical effect, 
(E) mean arterial pressure, (F) pulse, (G) neonatal adverse reaction, (H) fetal adverse reaction.

Figure 3: Funnel plots of the trials for outcomes. (A) fetal adverse reaction, (B) maternal adverse reaction, (C) neonatal adverse reaction.
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could increase clinical effect compared with ketanserin, and 
methyldopa had more significant clinical effect than nifedipine in the 
treatment of PIH. In comparison to hydralazine alone, its combination 
with pindolol could increase pulse, while combing with labetalol 
could lower pulse. And epoprostenol could reduce the number of 
pulses less than dihydralazine. The Bayesian network meta-analysis 
showed that treating PIH with labetalol or nifedipine had the least 
maternal adverse reactions. Labetalol could reduce neonatal adverse 
reaction compared with diazoxide. And methyldopa had an obvious 
lowing effect in comparison to nifedipine. Treating PIH with 
methyldopa produced the least neonatal adverse reactions followed 
by nifedipine, labetalol and hydralazine. Additionally, labetalol had 
the least fetal adverse reactions. The study was unique in many ways, 
including its comprehensiveness, the large-scale search, the novelty of 
discovery and the transparent approach. Some previous meta-analyses 
studied the efficacy and safety of drug treatment for PIH, most of 
which take the time to reach the target blood pressure as the standard 
of efficacy, but because the target blood pressure was not the same in 
different trials, the exact efficacy cannot be well reflected. This study 
comprehensively evaluated the efficacy of each drug and their efficacy 
characteristics from the aspects of blood pressure, clinical efficacy, 
mean arterial pressure and pulse. Our conclusions could guide clinical 
precision medication according to patients’ specific conditions such 
as blood pressure and pulse. In terms of safety, they only focused on a 
certain point of adverse reactions caused by drugs including headache, 
so it was impossible to comprehensively assess the effects of drugs on 
the mother, fetus and newborn. This study attached great importance 
to the safety of drugs, and drugs for various adverse reactions to 
maternal, fetal and neonatal were summarized. We discussed the 
influence of drugs on three aspects at the same time, and systematically 
evaluated the adverse effects of each drug on maternal, fetal and 
neonatal characteristics, so as to select drugs according to the specific 
situation of mother and fetus. In addition, their results only showed 
that several drugs had similar clinical efficacy, without comprehensive 
sequencing of drugs, so it is impossible to guide clinical precision 
medication. This study performed a comprehensive analysis based on 
the sequencing of drugs in each outcome, and systematically evaluated 
the efficacy and safety of drugs, which was of certain help to the 
modification of the guidelines. Nowadays, with the increase of elderly 
mothers and more standardized pregnancy management 
examinations, the number of patients with PIH has increased 
significantly in the trend of early onset and severity [66]. The harm to 
pregnant women, newborns and fetuses was serious and long-term. 
The presence of eclampsia could be fatal to the pregnant women, and 
women with eclampsia in their first pregnancy showed a higher risk of 
developing eclampsia in their second pregnancy [67]. In addition, it 
could increase the risk of birth defects and cardiovascular disease in 
offspring. There was a clear correlation between PIH and genetic 
metabolic diseases, related organs and developmental diseases of the 
nervous system of newborns. And it could affect long-term cognitive 
development of the newborns and lead to behavioral sequelae [68,69]. 
So it remained a serious threat to both maternal and perinatal health. 
In view of this harm, special care should be taken in the treatment of 
PIH, and particular attention should be paid to various adverse 
reactions that may be caused by the drug. This study summarized the 
current commonly used drugs for PIH treatment in clinical practice 
and found out the therapeutic characteristics of each drug. In this 
study, the serious impacts of adverse reactions on the treatment of 
PIH were fully taken into account. Compared with improving clinical 

efficacy, significantly reducing adverse reactions was the preferred 
factor for drug selection. Most previously published meta-analyses of 
drug therapy for PIH have considered only one aspect of adverse 
reactions, such as headache, and did not conduct a detailed and 
systematic review of possible adverse reactions to the mother, fetus 
and newborn. This study systematically analyzed the adverse reactions 
of drugs to mothers, fetuses and newborns, and drew comprehensive 
conclusions to better select drugs based on the actual and specific 
conditions of pregnant women with PIH, so as to meet their greatest 
needs. This study found that Nifedipine was the most effective drug to 
reduce SBP and could produce the least maternal adverse reactions, 
and it also showed great advantages in reducing neonatal and fetal 
adverse reactions. Hydralazine was the most effective drug in lessening 
DBP, but it was not really able to avoid some adverse reactions. 
Although labetalol was not the best drug for lowering blood pressure, 
it produced the fewest maternal and fetal adverse reactions. 
Methyldopa had a favorable clinical effect for PIH and the minimal 
neonatal adverse reactions, but it was not optimal in terms of avoiding 
maternal and fetal adverse reactions. Other drugs had less effects on 
the treatment of PIH and/or more obvious adverse reactions than the 
above ones. Therefore, compared with most drugs, nifedipine, 
hydralazine, labetalol and methyldopa are not only clinically effective, 
but also safe. Their safety had significant advantages in maternal, fetal 
and neonatal aspects, and they were the first choice for the clinical 
treatment of PIH. Because nifedipine had good efficacy and no 
obvious adverse reactions, it is believed to be firstly recommend for 
PIH treatment, especially for severe hypertension. Of course, pregnant 
women with mild to moderate hypertension may also use labetalol in 
view of its fewest adverse reactions. Nifedipine have the effect of 
antagonizing calcium channels, it can block the calcium ion inflow 
caused by vascular smooth muscle cell spasm degree. While lowering 
blood pressure, it can control or even avoid various risks caused by 
systemic small blood vessel spasm, and play a stable role in lowering 
blood pressure, so as to restore the normal circadian rhythm of blood 
pressure. It can not only prevent preterm delivery, but also play the 
protective role of target organs in many ways [70]. It has little effect on 
the cardiac system and is completely reversible after withdrawal 
without rapid tolerability [71]. Therefore, nifedipine is considered 
more suitable for PIH than other drugs, because it may act through a 
combination of mechanisms, which can not only reduce blood 
pressure and protect maternal target organs, but also relieve the 
resistance of blood perfusion required by placental blood vessels and 
ensure the stability of placental function with a positive effect on the 
normal development and growth of the fetus in utero. Research may 
be needed to consider the optimization of drug selection for PIH 
treatment, because the drugs that we had identified to be the best for 
each outcome of efficacy and safety in treating PIH were not the part 
of existing guidelines in many countries. Most of the guidelines 
emphasized early prevention and treatment, but drug choice was not 
clear. Therefore, we recommended that the guidelines should increase 
the choice of drugs with particular emphasis on adverse reactions 
including pregnant women, newborns and fetuses. Some drugs that 
were likely to cause adverse reactions should be used with caution or 
prohibition, especially when considering childbirth. The formulation 
of specific drug selection in clinical research may require further 
investigation of all drug rankings that we had determined in the study. 
There were some important strengths in this study. Methodologically, 
our study benefits from the rigorous methods, the breadth of our 
search, the duplicate and independent screening, our meticulous data 
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abstraction process used, and the comprehensiveness of analytical 
indicators. In the study, the Bayesian network meta-analysis was used 
to compare therapies indirectly when no head-to-head trial existed, 
and more accurate evaluation for efficacy was obtained by jointly 
assessing direct and indirect comparisons. Also, we mapped drug 
sequencing figures 10s through single and mixed analysis, further 
ranked the competing drugs and summed up the best one for that 
outcome. Several limitations of this study should be acknowledged. 
Since the target blood pressure identified in each eligible trial was not 
the same, the step-down time to reach standard was not selected for 
judging efficacy in our study. But we believed that the blood pressure, 
clinical effect, mean arterial pressure and pulse should be enough to 
determine the efficacy of drugs. Potential limitations of the included 
studies were related to the inconsistency and variability across 
eligibility criteria in the original studies, as well as the variability in 
study design, study type, sample size and definitions of the PIH 
factors, which led to a high risk of bias in some of the included trials, 
and there were some methodological heterogeneity. In addition, there 
were a certain statistical and clinical heterogeneity in some outcomes 
of the study, which may be related to the drug dose and racial 
differences. Although our study had obtained the sequencing of 
efficacy and safety of the drugs, the most appropriate dose for each 
drug was still unclear, which needed to be further clarified in future 
studies. In conclusion, multiple outcomes were used to systematically 
evaluate the efficacy of pharmacological treatment for PIH in this 
study, and we focused on a comprehensive consideration of diversified 
adverse reactions, so as to determine the precise efficacy and safety of 
each drug for PIH treatment. This study analyzed the characteristics 
of pharmacological treatments for PIH and identified the most 
optimal drug for each outcome including lowering blood pressure, as 
well as reducing maternal, neonatal and fetal adverse reactions, which 
filled a crucial gap in precision medicine. Our findings will help 
experts to improve guidelines for PIH. As a result, nifedipine, 
hydralazine, labetalol and methyldopa had good clinical efficacy, and 
their safety had significant advantages in maternal, fetal and neonatal 
aspects, so they may be used preferentially in PIH treatment according 
to the situation. Nifedipine had good efficacy with no obvious adverse 
reactions, therefore, it is believed to be firstly recommend for PIH 
treatment, especially for severe hypertension. Our findings will help 
inform guidelines for PIH treatment and future research.
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Supplementary Files
Table S1: Specific percentage ranking in terms of competing drugs in each outcome.
A

Drug Rank 1 Rank 2 Rank 3 Rank 4
Hydralazine 0.02 0.07 0.17 0.74

Labetalol 0.08 0.2 0.59 0.12
Methyldopa 0.2 0.52 0.17 0.11
Nifedipine 0.7 0.21 0.06 0.03

From rank1 to 4, the drugs became less effective.
B

Drug Rank 1 Rank 2 Rank 3 Rank 4
Hydralazine 0.43 0.2 0.21 0.16

Labetalol 0.09 0.28 0.3 0.33
Methyldopa 0.31 0.25 0.23 0.21
Nifedipine 0.18 0.28 0.25 0.3

From rank1 to 4, the drugs became less effective.
C

Drug Rank 1 Rank 2 Rank 3
Labetalol 0.2 0.41 0.39

Methyldopa 0.52 0.24 0.24
Nifedipine 0.28 0.35 0.38

From rank1 to 3, the drugs caused fewer adverse reaction.
D

Drug Rank 1 Rank 2 Rank 3 Rank 4
Hydralazine 0.47 0.18 0.19 0.16

Labetalol 0.3 0.43 0.23 0.04
Methyldopa 0.05 0.09 0.2 0.65
Nifedipine 0.18 0.3 0.37 0.15

From rank1 to 4, the drugs caused fewer adverse reaction.
E

Drug Rank 1 Rank 2 Rank 3 Rank 4
Hydralazine 0.25 0.22 0.23 0.29

Labetalol 0.32 0.37 0.23 0.08
Methyldopa 0.25 0.15 0.2 0.4
Nifedipine 0.18 0.26 0.33 0.23

From rank1 to 4, the drugs caused fewer adverse reaction.
(A) aystolic blood pressure, (B) diastolic blood pressure, (C) maternal adverse reaction, (D) neonatal adverse reaction, (E) fetal adverse reaction.

Table S2: Methodology quality of the 47 included trials according to the Cochrane handbook.
References A B C D E F

(Sahai) - - - - - -
(Xiang) - - - - - -

(Easterling) - - - - - -
(Jamil) - ? ? - - -

(Salama) - - - - - -
(Wen and Li) - ? ? - - -

(Gainder) - ? ? - - -
(Patel) - - - - - -
(Wajid) - ? ? - - -
(Khan) - - - - - -

(Sharma) - - - - - -
(Tariq) + ? ? - - -

(Webster) - - - - - -
(Liu) + ? ? - - -

(Sabir) ? ? ? - - -
(Singh) ? ? ? - - -

(Bijvanka) - - - - - -
(Delgado) - ? ? - - -
(Gracia) - - - - - -

(Shekhar) - - - - - -
(Dhali) - - - - - -

(Lakshmi) - - - - - -
(Molvi) - - - - - -
(Verma) - ? ? - - -
(Baggio) - - - - - -
(Rezaei) ? ? ? - - -

(Bharathi) ? ? ? - - -
(Neri) - - - - - -
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(Facchinetti) - - - - - -
(Vigil-De) ? ? ? - - -
(Vigil-De) - - - - - -
(Elatrous) - - - - - -

(Vermillion) - - - - - -
(Parazzini) - - - - - -
(Howarth) - - - - - -
(Hirsch) - ? ? - - -

(El-Qarmalawi) - ? ? - - -
(Hjerteerg) ? ? ? - - -

(Martins-Costa) - - - - - -
(Moodley and Gouws) - ? ? - - -

(Sibai) - - - - - -
(Ellenbogen) ? ? ? - - -

(Michael) ? ? ? - - -
(Rosenfeld) ? ? ? - - -
(Wichman) - ? - - - -

(Fidler) - ? ? - - -
(Gallery) ? ? ? - - -

A: adequate sequence generation; B: allocation concealment; C: blinding; D: incomplete outcome data; E: selective reporting; F: other bias; +: high risk; -: low 
risk; ?, unclear

Figure S1: Pooled hazard ratios for competing drugs in each outcome. The column treatment is compared with the row treatment, numbers in parentheses indicate 
95% credible intervals, Figure A and B used RR, Figure C,D and E used MD. When the entire 95% confidence interval does not contain 0 or 1, the RR or MD is 
statistically significant. (A) systolic blood pressure, (B) diastolic blood pressure, (C) maternal adverse reaction, (D) neonatal adverse reaction, (E) fetal adverse 
reaction.
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Figure S2: Rank probability of competing drugs in each outcome. (A) systolic blood pressure, (B) diastolic blood pressure, (C) maternal adverse reaction, (D) 
neonatal adverse reaction, (E) fetal adverse reaction.
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Figure S3: Forest plots for systolic blood pressure by Bayesian network meta-analysis and traditional meta-analysis. (A) drugs vs. labetalol, (B) drugs vs. hydrala-
zine or nifedipone, (C) drugs vs. methyldopa or dihydralazine, (D) drugs vs. placebo.
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Figure S4: Forest plots for diastolic blood pressure by Bayesian network meta-analysis and traditional meta-analysis.(A) drugs vs. labetalol, (B) drugs vs. hydrala-
zine or nifedipone, (C) drugs vs. methyldopa or dihydralazine, (D) drugs vs. placebo.
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Figure S5: Forest plots for maternal adverse reactions by Bayesian network meta-analysis and traditional meta-analysis. (A) drugs vs. labetalol, (B) drugs vs. 
nifedipone, (C) drugs vs. methyldopa, (D) drugs vs. hydralazine, (E) drugs vs. others, (F) drugs vs. placebo.
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Figure S6: Forest plots for clinical effect by Bayesian network meta-analysis and traditional meta-analysis.

Figure S7: Forest plots for mean arterial pressure by Bayesian network meta-analysis and traditional meta-analysis.
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Figure S8: Forest plots for pulse by Bayesian network meta-analysis and traditional meta-analysis.
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Figure S9: Forest plots for neonatal adverse reactions by Bayesian network meta-analysis and traditional meta-analysis. (A) drugs vs. labetalol, (B) drugs vs. 
nifedipone, (C) drugs vs. methyldopa, (D) drugs vs. hydralazine, (E) drugs vs. others, (F) drugs vs. placebo.
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Figure S10: Forest plots for fetal adverse reactions by Bayesian network meta-analysis and traditional meta-analysis. (A) drugs vs. labetalol, (B) drugs vs. nifedi-
pone, (C) drugs vs. others, (D) drugs vs. placebo.
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