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Abstract

Objective: Preeclampsia (PE) is a complication affecting pregnant women worldwide, 

which usually manifests as severe maternal hypertension. Resveratrol (RESV), a naturally 

existing polyphenol, is known to exhibit beneficial effects in cardiovascular disease 

including hypertension. We evaluated the outcome of treatment combining oral 

nifedipine (NIFE) and RESV against PE.

Design and methods: Using a randomized group assignment, 400 PE patients were 

enrolled and received oral treatments of either NIFE + RESV or NIFE + placebo. Primary 

endpoints were defined as time to control blood pressure and time before a new 

hypertensive crisis. Secondary endpoints were defined as the number of doses needed to 

control blood pressure, maternal and neonatal adverse effects.

Results: Compared with the NIFE + placebo group, the time needed to control blood 

pressure was significantly reduced in NIFE + RESV group, while time before a new 

hypertensive crisis was greatly delayed in NIFE + RESV group. The number of treatment 

doses needed to control blood pressure was also categorically lower in NIFE + RESV 

group. No differences in maternal or neonatal adverse effects were observed between 

the two treatment groups.

Conclusion: Our data support the potential of RESV as a safe and effective adjuvant of 

oral NIFE to attenuate hypertensive symptoms among PE patients.

Introduction

Preeclampsia (PE) is a severe disease that manifests in 
multiple systems, and uniquely occurs during pregnancy, 
usually after 20  weeks of gestation (1). PE remains the 
leading cause of mortality and morbidity during pregnancy 
for women worldwide, and its most detrimental symptoms 
are severe elevated blood pressure and proteinuria. Thus, 
to monitor and control blood pressure of PE patients are 
important in the clinical management of PE (2, 3), in 
which anti-hypertensive drugs are commonly found to be 
of clinical efficacy in relieving hypertension (4).

Nifedipine (NIFE) is among several first-line anti-
hypertensive treatments among PE patients (3, 5, 6). NIFE 
is a Ca2+ channel inhibitor (5) and functions to reduce 
vascular resistance by improving renal blood flow, as well 
as elevate urine output by repressing release of anti-diuretic 
hormones. Therefore, NIFE has become a potent anti-
hypertensive agent for effective blood pressure control 
during pregnancy (7). Importantly, NIFE has been proven 
to be clinically safe, especially for pregnant patients (8). 
When prescribed in the 3rd trimester, administration of 
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NIFE was able to effectively control high blood pressure, 
whereas it did not cause any serious adverse effects on 
either maternal or fetal development (9). In addition, 
NIFE has also been employed for treating pre-term labor 
without showing any perinatal adverse effects (10). Of 
particular relevance to our current study, in severe PE 
patients, NIFE was reported to improve arterial pressure 
and urine output in immediate puerperium (11).

Resveratrol (3,4,5-trihydroxy-trans-stilbene, RESV), 
a natural polyphenol extracted from fruits such as 
grapes and cranberries, has exhibited beneficial effects 
in various cardiovascular diseases (12). For instance, 
in rat model of PE, RESV was reported to reduce blood 
pressure (13), as well as inhibit trophoblast apoptosis 
through oxidative stress (14). In a pregnant mouse model 
with reduced blood supply to the uterus, RESV increased 
uterine artery blood flow velocity and fetal weight (15). 
In spontaneously hypertensive rats, RESV could lower 
blood pressure through production of calcium-dependent 
endothelial NO (16). In addition, in a recent clinical trial 
among patients with primary hypertension, RESV was 
able to supplement standard anti-hypertensive therapy 
to effectively reduce blood pressure to normal levels (17). 
Altogether these above studies support the promising 
potential of RESV as a potent anti-hypertensive agent.

In the current clinical trial, we aimed to use RESV as 
an adjuvant of oral NIFE treatment against pregnancy-
induced severe PE and examine the treatment efficacy as 
well as potential adverse effects.

Materials and methods

Ethics

This is an intent-to-treat study. Design of the current 
clinical trial followed the guidelines of Declaration of 
Helsinki, and this study protocol was approved by the 
Ethical Committee in the Maternal and Child Health Care 
Hospital of Shandong Province. All patients enrolled in 
the study have signed written informed consent forms.

Patient selection

From June 2013 to November 2016, a total of 400 women 
carrying singleton pregnancy, aged between 21 and 
32  years, were diagnosed of severe PE in hospital and 
subsequently agreed to participate in the current study. 

All patients required blood pressure control treatments, 
among which 51 patients were excluded due to exclusion 
criteria: (1) history of treatment with anti-hypertensive 
drugs; (2) history of heart failure during the course of the 
pregnancy.

Randomization process and drug treatment

349 patients were eventually eligible for the randomization 
process, who were randomly assigned, using a permuted-
block design stratified according to their diastolic blood 
pressure, into two treatment groups: (1) NIFE + RESV group 
(n = 174), administered oral NIFE capsule (Quancheng 
Pharmaceuticals, Shandong, China; 10 mg each, up to 
5 dosages) and RESV capsule (Yixin Pharmaceuticals, 
Zhejiang, China; 50 mg each, up to 5 dosages) every 15 min 
until blood pressure ≤150/100 mmHg; (2) NIFE + placebo 
group (n = 175), administered oral NIFE capsule (10 mg 
each, up to 5 dosages) plus glucose capsule (50 mg each, 
up to 5 dosages) as placebo every 15 min until blood 
pressure ≤150/100 mmHg. Once blood pressure of the 
patient reached ≤150/100 mmHg, no further dose was 
administered. Investigators blind to the group assignment 
prepared the RESV and placebo capsules identical in 
appearance to mask the content to patients.

Definition of endpoints

Primary endpoints were defined as: (1) time needed to 
bring blood pressure to no higher than 150/100 mmHg; 
(2) time before a new hypertensive crisis. Secondary 
endpoints were defined as: (1) the number of doses 
needed to bring blood pressure to no higher than 
150/100 mmHg; (2) maternal and neonatal adverse effects. 
All measurements were performed by investigators blind 
to the group assignment.

Anthropometrics

Body weight was measured with patients in light clothing 
and no shoes standing straight on a digital scale with 
0.1 kg accuracy. Body height was measured with patients 
standing straight without shoes standing straight on a 
stadiometer with 0.1 cm accuracy. Body mass index (BMI) 
was defined as body weight/(body height)2 in kg/m2. 
Blood pressure was measured by a digital blood pressure 
monitor with 0.1 mmHg accuracy.
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Adverse effects

At the end of the trial, all patients were asked to complete 
a questionnaire on the symptoms of nausea, vomiting, 
maternal tachycardia, mild headache, dizziness, chest 
pain, hypotension and shortness of breath they might 
had in the process of the study. During the treatment, 
the maternal and fetal heart rates were under constant 
monitoring.

Statistical analysis

Student t test and Pearson chi-square test were performed 
appropriately to address differences in data between the 
two treatment groups. The 95% confidence intervals 
(CI) were calculated, and P < 0.05 indicated statistically 
significant difference. All statistical analyses were 
performed using SPSS 18.0 (SPSS).

Results

As shown in Fig. 1, from June 2013 to November 2016, 
400 pregnant PE patients, carrying singleton pregnancy 
aged between 21 and 32 years and, were initially enrolled 
for the study. Fifty-one participants were subsequently 
excluded, and the remaining eligible 349 participants were 
randomly assigned to two treatment groups. 174 patients 
were instructed to administer oral NIFE + RESV, and 175 
patients were instructed to administer oral NIFE + placebo, 
with one dose every 15 min until their blood pressure 
was controlled to ≤150/100 mmHg. Table  1 compared 
the anthropometrics, including maternal age, gestational 
age, systolic and diastolic blood pressures, heart rate, 
body weight, body height and BMI, of all 349 participants 
between the two treatment groups. We did not observe 
any significant differences between patients from the two 
treatment groups.

Table  2 summarized primary endpoints of the two 
treatment groups. First, the time required to effectively 
control blood pressure in the NIFE + RESV group was 
35.6 ± 18.7 min. While in the NIFE + placebo group it was 
51.1 ± 22.4 min, significantly longer than the NIFE + RESV 
group (P = 0.01; 95% CI 4.7–10.9). Next, the time before a 
new hypertensive crisis following effective blood pressure 
control in the NIFE + RESV group was 8.0 ± 2.1 h. While it was 
5.5 ± 1.8 h in the NIFE + placebo group, significantly shorter 
than the NIFE + RESV group (P = 0.02; 95% CI 0.3–2.4).

We next evaluated secondary endpoints of both the 
treatment groups. As shown in Fig.  2, the number of 
doses needed to control blood pressure was significantly 
lower in the NIFE + RESV group than the NIFE + placebo 
group. At last, at the end of trial, maternal and neonatal 
adverse effects were summarized in Table 3. Between the 
two treatment groups, we did not observe any significant 
differences for maternal adverse effects, in terms of 
nausea, vomiting, maternal tachycardia, mild headache, 
dizziness, chest pain, hypotension or shortness of breath. 
In addition, we did not find any differences in neonatal 
adverse effects between the two treatment groups, in 
terms of birth weight and Apgar scores of the newborns.

Discussion

Anti-hypertensive therapies are critical for controlling 
severe hypertension during pregnancy-induced PE (18) 
and also important for lowering incidence rate of both 
maternal and fetal complications (19, 20). Currently, 
clinical choices of proper use of drugs for hypertension 
management among PE patients are often made 
empirically, among which NIFE is one of first-line drugs 
commonly prescribed for controlling severe high blood 

Figure 1
Illustration of study design.

Table 1  Characteristics of patients from the two treatment 

groups.

 
Characteristics

NIFE + RESV 
(n = 174)

NIFE + placebo 
(n = 175)

 
P value

Maternal age (year) 27.1 ± 6.2 26.9 ± 7.1 0.41
Gestation age (week) 34.7 ± 3.4 33.4 ± 4.1 0.52
Systolic blood pressure 

(mmHg)
169.1 ± 15.2 171.4 ± 16.1 0.28

Diastolic blood pressure 
(mmHg)

107.9 ± 9.6 112.4 ± 10.1 0.13

Heart rate (/min) 84.1 ± 10.2 86.4 ± 9.4 0.27
Body weight (kg) 64.8 ± 3.6 63.1 ± 4.8 0.31
Body height (m) 1.67 ± 0.12 1.65 ± 0.11 0.20
BMI (kg/m2) 23.5 ± 3.1 24.4 ± 3.8 0.37

BMI, body mass index; NIFE, nifedipine; RESV, resveratrol.
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pressure during pregnancy (3, 6). Compared with other 
anti-hypertensive alternatives, oral NIFE is cheaper, safer 
and more effective in achieving similar anti-hypertensive 
efficacy against pregnancy-induced PE (5, 21).

Due to extra diligence and considerations for 
pregnancy, PE patients often find themselves with a lack 
of available anti-hypertensive drugs, despite the fact that 
these drugs are widely used for hypertension patients 
without pregnancy. Therefore, a novel and safe drug with 
clinical efficacy to complement oral NIFE could greatly 
benefit PE patients. In line with the above notion, RESV 
is a natural extract from fruits such as grapes, and also 
enriched in drinks such as red wine. Due to its natural 
and safe origin, the use of RESV has been reported 

in complications during pregnancy (22), including 
gestational diabetes mellitus (23). Of particular interest 
to our current study, the anti-hypertension property of 
RESV has also been demonstrated in a number of studies 
employing both animal and clinical studies (13, 14, 15, 
16, 17). Given its widely reported anti-hypertensive 
function, we therefore also employed RESV in the current 
clinical trial among pregnant women affected by PE, with 
the hypothesis that RESV could also exhibit benefits in 
relieving hypertension in pregnancy-induced PE.

Results from our clinical trial have demonstrated 
that, the combinational treatment of oral NIFE + RESV has 
significantly improved both the primary and secondary 
endpoints, compared with NIFE + placebo treatment. 
Compared with the NIFE + placebo group, the time needed 
to control blood pressure was significantly reduced in 
NIFE + RESV group, while time before a new hypertensive 
crisis was greatly delayed in NIFE + RESV group. The 
number of treatment doses needed to control blood 
pressure was also categorically lower in NIFE + RESV group. 
Most importantly concerning the pregnant PE patients, 
we did not find any severe adverse effects, maternal or 
neonatal, associated with RESV administration, suggesting 
the clinical safety of RESV among pregnant women.

Despite the observed clinical efficacy of RESV in 
complementing oral NIFE, the underlying mechanism of 

Table 2  Efficacy of the two treatments in controlling blood pressure among preeclampsia patients.

Primary endpoints NIFE + RESV (n = 174) NIFE + placebo (n = 175) P value

Time to control blood pressure (min) 35.6 ± 18.7 51.1 ± 22.4 0.01
Time before a new hypertensive crisis (h) 8.0 ± 2.1 5.5 ± 1.8 0.02

NIFE, nifedipine; RESV, resveratrol.

Figure 2
Number of doses needed to control blood pressure in two groups of 
patients. Percentages do not add up to 100 due to rounding.

Table 3  Adverse effects and neonatal complications of the 

two treatments.

 
Secondary endpoints

NIFE + RESV 
(n = 174)

NIFE + placebo 
(n = 175)

 
 

No adverse effect 151 (86.8%) 147 (84.0%)  
Nausea 8 (4.6%) 8 (4.6%)  
Vomiting 6 (3.4%) 9 (5.1%)  
Maternal tachycardia 3 (1.7%) 2 (1.1%)  
Mild headache 3 (1.7%) 3 (1.7%)  
Dizziness 1 (0.6%) 2 (1.1%)  
Chest pain 2 (1.1%) 2 (1.1%)  
Hypotension 0 (0%) 1 (0.6%)  
Shortness of breath 0 (0%) 1 (0.6%)  
Birth weight (kg) 2.95 ± 0.61 3.07 ± 0.58 P = 0.41
Apgar scores    
  >6 141 (81.0%) 138 (78.9%)  
  4–6 33 (19.0%) 37 (21.1%)  

NIFE, nifedipine; RESV, resveratrol.
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RESV action in relieving hypertension is still unknown. 
It has been reported that RESV could inhibit the release 
of soluble fms-like tyrosine kinase (sFlt-1) from human 
placenta (22). It is possible that sFlt-1 may be the molecular 
target underlying the anti-hypertensive property of 
RESV, since sFlt-1 itself is a reliable biomarker for clinical 
prediction of PE (24, 25, 26, 27, 28, 29). Besides sFlt-1, 
matrix metalloproteinase (MMP)-2 and MMP-9 were also 
reported to be involved in the pathology of PE, both as 
predictive biomarkers and as drug targets (30, 31, 32, 33). 
Given the great body of studies reporting the function of 
RESV in regulating levels and activities of both MMP-2 and 
MMP-9 (34, 35, 36, 37), these two MMPs are also likely to 
be the mediating factor of RESV in relieving hypertension 
of PE patients. Further studies are currently underway to 
evaluate the above potential mechanisms, particularly a 
larger scale multicenter trial is needed.

To conclude, our current randomized, placebo-
controlled and double-blinded clinical trial is the first to 
report the potency, as well as safety, of RESV as a promising 
adjuvant to complement oral NIFE therapy, which could 
greatly enhance the clinical efficacy of treatments against 
hypertension of severe pregnancy-induced PE.
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