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Oral nifedipine may be a preferential option for treating acute severe 
hypertension during pregnancy: a meta-analysis
Minghui Oua, Futao Zhangb, Shichao Cuia, Shibo Zhaoa, and Yan Yua

aDepartment of Vascular Surgery, Qingdao Municipal Hospital, Qingdao, China; bDepartment of Vascular Surgery, The People’s Hospital of 
Qingdao Chengyang District, Qingdao, China

ABSTRACT
Aim: To compare oral nifedipine and intravenous labetalol in the treatment of acute severe 
hypertension in pregnancy (SHP).
Methods: The primary outcomes were the required time to achieve target blood pressure 
(RTATBP), systolic blood pressure (SBP) and diastolic BP (DBP) after treatment, secondary out
comes were the number of doses (NoD) and adverse events (AEs).
Results: There was no difference between oral nifedipine and intravenous labetalol in SBP, DBP, and 
AE. However, oral nifedipine provided less RTATBP and NoD.
Conclusion: Oral nifedipine was associated with less RTATBP and NoD and otherwise did not 
differ from intravenous labetalol.
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Introduction

Hypertensive disorders of pregnancy (HDP), which 
include chronic hypertension with or without superim
posed pre-eclampsia/eclampsia, gestational hypertension, 
pre-eclampsia with or without severe features, hemolysis, 
elevated liver enzymes, and low platelet count (HELLP) 
syndrome, or eclampsia, contribute to a significant risk of 
maternal, fetal and newborn morbidity and mortality (1). 
Specifically, 25000 maternal deaths due to HDP occur 
yearly in Africa, 22000 in Asia, 3,800 in Latin America 
and the Caribbean, and 150 in industrialized countries 
(2). Further, HDP complicates 5% to 10% of pregnancies 
worldwide (3) and accounts for 18% of maternal deaths 
(4). Pregnant women with HDP may experience central 
nervous system dysfunction, hepatocellular injury, 
thrombocytopenia, acute disseminated intravascular coa
gulation, oliguria, pulmonary edema, cerebrovascular 
events, and placental abruption, particularly when they 
progress to pre-eclampsia (5–7). Therefore, deciding the 
optimal treatment strategy for this condition is essential.

Severe hypertension during pregnancy (SHP) is 
defined as systolic blood pressure (SBP)≥ 160 mmHg 
or diastolic blood pressure (DBP) ≥ 110 mmHg (8–10). 
SHP is an emergency requiring immediate anti- 
hypertensive drugs to lower the BP, further reducing 
the risk of consequences associated with SHP. In the 
current clinical practice guidelines (CPGs) such as the 

American College of Obstetricians and Gynecologists 
(ACOG) bulletin (11), Society of Obstetricians and 
Gynecologists of Canada (SOGC) guidelines (12), and 
National Institute for Health and Clinical Excellence 
(NICE) guidelines (13), medications as intravenous 
labetalol, hydrazine, and oral nifedipine was recom
mended as the first-line treatment for acute SHP. 
However, further research is needed to determine the 
most effective drug since there is no sufficient evidence 
regarding the comparative efficacy and safety of these 
drugs (6,14,15). Notably, the preferred medication for 
treating SHP has traditionally been hydralazine. 
However, over the past decade, there has been an 
increase in maternal and infant problems associated 
with hydralazine use, and confidence in hydralazine 
has decreased (16,17). Therefore, it is necessary to 
determine the difference between oral nifedipine and 
intravenous labetalol in treating SHP.

Until now, several studies (18–20) have investigated 
the comparative efficacy and safety of oral nifedipine 
versus intravenous labetalol in treating acute SHP; how
ever, many studies differed in methodology, such as study 
design and inclusion and exclusion criteria. According to 
the study by Magee et al (16), oral nifedipine and intra
venous labetalol had similar therapeutic efficacy. In con
trast, a study by Chen et al. revealed a significant 
difference between intravenous labetalol and oral 
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nifedipine in therapeutic efficacy in treating acute SHP 
(21). Theoretically, intravenous administration will lead to 
more adverse events, although it may generate more rapid 
action than oral administration (22). Considering the 
continued debate regarding the therapeutic efficacy and 
safety between oral nifedipine and intravenous labetalol in 
treating SHP, we conducted this meta-analysis to com
prehensively investigate the comparative therapeutic effi
cacy and safety of oral nifedipine with intravenous 
labetalol for the treatment of SHP.

Methods

We designed this meta-analysis in accordance with the 
Cochrane Handbook for intervention review (23). We 
reported all results according to the Preferred 
Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) statement (24). However, we did 
not register the formal protocol of this meta-analysis in 
any public platform. All analyses were based on pre
viously published studies; thus, no ethical approval and 
patient consent are required because no patient was 
directly involved in our meta-analysis.

Search strategy

Two independent reviewers electronically searched 
MEDLINE (via PubMed), Scopus, Web of Science 
(WoS), China National Knowledge Infrastructure 
(CNKI), and the Cochrane Central Register of 
Controlled Trials (CENTRAL) databases using the fol
lowing terms, including “nifedipine,” “labetalol,” 
“hypertension,” “pregnancy” and “random.” We sys
tematically searched the individual database on 
July 2021. Two independent reviewers conducted 
a preliminary analysis, removed the duplicates, 
screened the titles and abstracts for relevance, and 
determined the articles to be excluded. We then 
reviewed the full texts of included studies. References 
were manually checked to identify additional poten
tially eligible studies. The complete search strategy is 
summarized in Table S1. Any disagreements between 
the two reviewers were resolved by discussion.

Selection criteria

Studies were included if they:

(a) were randomized-controlled trials (RCTs) pub
lished in English or Chinese;

(b) included pregnant patients who were confirmed 
to have acute SHP according to the criteria 

proposed by the International Society for the 
Study of Hypertension in Pregnancy (8);

(c) enrolled patients who were assigned to receive 
oral nifedipine or intravenous labetalol;

(d) reported at least one of the outcomes of inter
esting (SBP and DBP after treatment, required 
times to achieve target BP [RTATBP], the num
ber of doses [NoD], and adverse events [AEs]).

Studies were excluded if they:

(a) were case reports, meta-analyses, letters to the 
editor;

(b) did not individually prescribe oral nifedipine or 
intravenous labetalol to patients;

(c) enrolled patients who were confirmed to have 
antenatal or postpartum SHP.

Data extraction and review

Two reviewers independently extracted essential data. 
For each study, the following data were collected: date 
of publication, the first author’s surname, origin, the 
number of patients enrolled and randomized in each 
study, mean age (years), mean gestational age (weeks), 
recruitment period, outcomes of interest, and the 
detailed information of the risk of bias.

Quality assessment

Cochrane risk of bias assessment tool (25) was 
applied to assess the methodological quality of all 
studies. The risk of bias in each study was rated as 
“high,” “low,” or “unclear” risk according to the 
match level between actual information and the 
assessment criteria. The overall methodological 
level was rated as high if all items were labeled as 
low risk, moderate if at least one item was labeled as 
an unclear risk but no items were labeled as high 
risk, and moderate if at least one item was marked 
as high risk.

Statistical analysis

Cochrane Q-test was used to evaluate heterogeneity (26) 
qualitatively, and I2 statistic was used to quantify hetero
geneity (26). We used the random-effects model to calcu
late all pooled estimates because variations across studies 
could not be eliminated in real-world settings (23). We 
used the leave-one-out method to conduct a sensitivity 
analysis for the outcome with substantial statistical het
erogeneity. We used the mean difference (MD) with 
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a corresponding 95% confidence interval (CI) to express 
the estimates of continuous variables, including SBP after 
treatment, RTATBP, and the NoD. We used the risk ratio 
(RR) with corresponding 95% CI to express the estimates 
for dichotomous variables. All statistical analyses were 
conducted by using Review Manager (RevMan), version 
5.0 (Nordic Cochrane Center). Two-tailed P value < 0. 05 
indicated statistical significance.

Publication bias examination

The funnel plots were used to detect publication bias by 
evaluating the asymmetry when the accumulated num
ber of eligible studies for individual outcomes was more 
than 10 (13,27,28).

Results

Search results

An electronic search yielded 255 records. After 
a thorough review, 12 eligible studies (19,20,29–38) met 
our selection criteria. Figure 1 shows the flow diagram 
reporting the selection process and the search results.

Study characteristics of enrolled studies

The main features of these enrolled studies are summarized 
in Table 1. All the studies were published between 1999 and 
2019. Most of the enrolled studies were conducted in India 
and China. The sample size of included studies ranged 
from 30 to 221, with a total sample size of 1088. Three 
studies reported SBP after treatment; nine reported 
RTATBP, nine reported NoD, and nine reported AEs.

Quality assessment

The results of the risk of bias assessment based on the 
Cochrane risk of bias assessment tool (25) are reported in 
Figure 2. Eleven eligible studies were rated as a low or 
unclear risk in the selection bias domain. Three and five 
studies were rated as high risk in performance and detec
tion bias domains, respectively. Five studies were nega
tively affected by attrition bias. Only one study was rated 
as high risk in other bias sources domain due to insuffi
cient sample size. The overall methodological quality of all 
enrolled studies was rated as low to moderate.

SBP and DBP after treatment

Three studies with 341 patients (170 patients in the oral 
nifedipine group and 171 in the intravenous labetalol 
group) reported the data of SBP and DBP after 

treatment. The result of the heterogeneity examination 
was not statistically significant (P = 0.30, I2 = 17%) for 
SBP but was statistically significant for DBP (P < 0.10, 
I2 = 86%). Meta-analysis of three studies showed no 
significant difference between oral nifedipine and intra
venous labetalol in reducing SBP (MD, 0.51; 95% CI, 
−2.56 to 3.58; P = 0.74) and DBP (MD, 1.12; 95% CI, 
−2.39 to 4.63; P = 0.53), which was illustrated in Figure 
S1. Meanwhile, for the meta-analysis of DBP, sensitivity 
analysis did not significantly change the pooled result 
(Table S2), indicating that the pooled result may not be 
negatively influenced by statistical heterogeneity.

RTATBP

Nine studies involving 678 patients (339 in the oral nife
dipine group and 339 in the intravenous labetalol group) 
reported the data on the RTATBP. Meta-analysis of nine 
studies suggested that RTATBP in patients receiving oral 
nifedipine was significantly less than in patients receiving 
intravenous labetalol (MD, −10.21; 95% CI, −16.53 to 
−3.89; P = 0.002), which was illustrated in Figure 3. 
However, nine studies had substantial statistical hetero
geneity (P < 0.001, I2 = 92%). Sensitivity analysis did not 
significantly impact heterogeneity based on the leave-one- 
out strategy (Table S2). Meanwhile, sensitivity analysis did 
not change the pooled result substantially (Table S2), 
indicating that statistical heterogeneity may not negatively 
influence the result.

Number of doses

A total of nine studies that enrolled 747 patients (374 
in the oral nifedipine group and 373 in the intrave
nous labetalol group) reported the number of doses. 
Pooled results revealed that the number of doses in 
patients receiving oral nifedipine was significantly 
less than in patients receiving intravenous labetalol 
(MD, −0.56; 95% CI, −1.11 to −0.02; P = 0.04), which 
was illustrated in Figure 4. However, these nine stu
dies had significant statistical heterogeneity regard
ing this outcome (P < 0.001, I2 = 96%). Sensitivity 
analysis based on the leave-one-out strategy did not 
significantly reduce the level of statistical heteroge
neity (Table S2) but significantly changed the pooled 
results after removing some studies (Table S2).

AEs

Nine studies that enrolled 898 patients (449 in each 
group) reported the incidence of AEs after treatment, 
and the pooled result revealed no statistical difference 
between the two groups in terms of AEs (RR, 1.00; 
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95% CI, 0.66 to 1.52; P = 1.00), which was illustrated 
in Figure S2. The result of the heterogeneity examina
tion was statistically significant (P = 0.04, I2 = 51%). 
Sensitivity analysis revealed a significant reduction in 
heterogeneity after removing some studies (Table S2); 
however, the pooled result was not significantly chan
ged (Table S2), indicating the result was robust 
despite substantial statistical heterogeneity.

Publication bias

Although the accumulated number of eligible studies 
for RTATBP, NoD, and AEs was less than 10, we still 

drew a funnel plot to inspect the possibility of pub
lication bias qualitatively. Symmetric funnel plots 
indicated the risk of publication bias in terms of 
RTATBP (Figure S3), NoD (Figure S4), and AEs 
(Figure S5).

Discussion

Although oral nifedipine and intravenous labetalol have 
been recommended as the first-line strategy for treating 
SHP (11), the relative efficacy and safety between the two 
treatments remain controversial (39). The present meta- 
analysis was carried out to compare further the efficacy and 

Figure 1. Flow diagram of retrieval and selection of study. CENTRAL, Cochrane Central Register of Controlled Trials; CNKI, China 
National Knowledge Infrastructure.
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safety of oral nifedipine and intravenous labetalol for treat
ing SHP. This meta-analysis included 12 studies involving 
1088 patients in the final data analysis. Our results revealed 
that oral nifedipine did not significantly differ from intra
venous labetalol in reducing SBP and DBP, and these two 
therapeutic strategies were comparable regarding the risk of 
causing AEs. However, oral nifedipine was associated with 
significantly less RTATBP and NoD than intravenous 
labetalol.

The treatment of hypertension during pregnancy 
mainly aims to lower blood pressure, gain enough 

time to promote fetal maturity, and ultimately prevent 
dangerous complications in pregnant women, such as 
hypertensive encephalopathy and heart failure, and 
protect the health of mothers and children (40–42). 
Therefore, it is crucial to lowering BP to safe levels 
(43). The current meta-analysis revealed no signifi
cant difference in the efficacy of oral nifedipine and 
intravenous labetalol in reducing SBP and DBP, con
sistent with several previous meta-analyses (14,44,45). 
In 2013, Duley et al. conducted a meta-analysis to 
compare the efficacy and safety of drugs for treating 

Figure 2. Risk of bias summary. Low risk of bias (green hexagons), unclear risk of bias (white hexagons), and high risk of bias 
(red hexagons).
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very high blood pressure during pregnancy and found 
that oral nifedipine was comparable to intravenous 
labetalol. Furthermore, the network meta-analysis by 
Sridharan et al (45). also showed no difference in 
efficacy in controlling the BP in pregnancy for oral 
nifedipine compared to intravenous labetalol. In their 
meta-analysis, Alavifard et al (44). also found that 
oral nifedipine was not superior to intravenous labe
talol for successfully treating severe hypertension. 
However, one meta-analysis (6) also yielded inconsis
tent results with our finding, revealing that oral nife
dipine was more efficacious than intravenous labetalol 
in lowering the BP to safer levels. However, these 
authors also stated that their results must be inter
preted cautiously, as sensitivity analysis showed their 
results lack robustness, and heterogeneity between 
studies became significant when using risk differences 
to express pooled results. A recent meta-analysis (46) 
also revealed that oral nifedipine had the highest 
therapeutic success rate in controlling hypertension 
during pregnancy compared to intravenous labetalol. 
We must acknowledge that the definition of severe 

hypertension and target blood BP varied widely 
between the studies because several international 
guidelines define BP targets in pregnancy differently 
(39), which will inevitably harm the evaluation of the 
therapeutic effect. Additionally, it is noted that meta- 
analysis of DBP yielded significant statistical hetero
geneity (86%); one of the three studies had 
a dominating number of patients contributing to the 
heterogeneity because this study reported inconsistent 
results with another two studies (33). Therefore, more 
studies with larger sample sizes are necessary to eval
uate further these two drugs’ comparative efficacy in 
lowering DBP.

Pregnant women diagnosed with SHP need to be 
treated with anti-hypertensive medications immediately 
to lower the very high BP to safe levels timely (43). 
Therefore, drugs that can quickly reduce very high BP 
to target BP with fewer doses are more beneficial for 
treating SHP (47). This meta-analysis found that oral 
nifedipine achieved target blood pressure faster in less 
time and with less dose than intravenous labetalol. 
Some previous meta-analyses have also partially found 

Figure 3. Meta-analysis of required time to achieve target blood pressure (RTATBP) after treatment by using oral nifedipine versus 
intravenous labetalol.

Figure 4. Meta-analysis of the number of doses between oral nifedipine and intravenous labetalol groups.
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consistent results with our meta-analysis. In 2015, 
Holbrook et al. (48) performed a meta-analysis and 
revealed that oral nifedipine was associated with 
a shorter time to achieve target BP than intravenous 
labetalol. Furthermore, the meta-analysis by Shi et al. 
(18) found that oral nifedipine required a significantly 
shorter time and fewer doses to achieve the target BP 
than intravenous labetalol. One reason may be that 
nifedipine has a rapid onset of action, oral bioavailabil
ity, and a long duration of action (49). Notably, meta- 
analyses of RTATBP (92%) and NoD (96%) all yielded 
significant statistical heterogeneity, which means the 
confounders such as race, duration of treatment, and 
severity of disease could have biased our results (50). 
Two eligible studies (34,35) recruited patients with 
hypertensive emergencies, thus inevitably introducing 
heterogeneity due to variations in clinical characteris
tics (50). In addition, variations in the doses and origins 
were also important contributors to the significant sta
tistical heterogeneity (39,50).

In addition to considering therapeutic effects when 
choosing the appropriate drugs for treating SHP, it is 
also important to avoid adverse events (51). In the 
current meta-analysis, we found that the incidence of 
AEs did not differ significantly between patients who 
received oral nifedipine and those who received intra
venous labetalol. Several previous studies have con
firmed our current results. Duley et al. (14) found no 
difference in the risk of maternal hypotension and AEs 
between oral nifedipine and intravenous labetalol. In 
addition, another two meta-analyses by Alavifard et al. 
(44) and Awaludin et al. (46) have also consistently 
revealed a comparable risk of AEs between oral nifedi
pine and intravenous labetalol.

Our study also has some limitations. The first 
limitation is the small sample size. Second, although 
previous meta-analyses have pointed out the impor
tance of investigating the effects of different doses on 
therapeutic efficacy and safety, we did not conduct 
a subgroup analysis because of the limited number of 
eligible studies (6). Therefore, we suggested investi
gating the comparative efficacy and safety of differ
ent dose regimens in network meta-analysis when 
adequate eligible studies were available. Third, most 
of the studies were rated as at high risk, which may 
impair estimates’ reliability and robustness. Fourth, 
we did not register the formal protocol of the current 
meta-analysis in any public platform; however, we 
conducted it according to the methodological frame
work proposed by the Cochrane Collaboration and 
reported all results following the PRISMA checklist. 
Finally, this meta-analysis did not evaluate the dif
ference between oral nifedipine and intravenous 

labetalol in pregnant and fetal outcomes. Therefore, 
future studies are warranted to evaluate the impact of 
oral nifedipine and intravenous labetalol on these 
outcomes.

Conclusions

Based on the currently available evidence, we conclude 
that intravenous labetalol and oral nifedipine may be 
comparable in therapeutic efficacy and safety for treat
ing SHP; however, oral nifedipine requires less time 
than intravenous labetalol to achieve target BP. 
However, further studies are warranted to validate our 
findings because the present meta-analysis has limita
tions and investigates the effects of different doses on 
therapeutic efficacy and safety.
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