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Abstract: Objective: To determine the efficacy of magnesium sulfate combined with nifedipine for pregnancy-in-
duced hypertension syndrome (PIHS) and its influence on glucose and lipid metabolism. Methods: The clinical data 
of 124 cases of PIHS treated in Jiangxi Jiujiang Maternal and Child Care Centers from March 2020 to June 2022 
were collected and retrospectively analyzed. Among them, 58 patients who received magnesium sulfate alone were 
enrolled as a control group, and the other 66 given magnesium sulfate combined with nifedipine were enrolled as 
a study group. The two groups were compared for treatment efficacy, blood pressure, fasting blood glucose (FBG) 
and blood lipid indexes (triglycerides (TG), high-density lipoprotein-cholesterol (HDL-C), total cholesterol (TC), and 
low-density lipoprotein - cholesterol (LDL-C)). Multivariate logistic regression analysis was performed to analyze the 
factors affecting outcome. Results: The study group showed a significantly higher total effective rate than the control 
group (P=0.008). After treatment, the study group showed significantly lower systolic blood pressure (SBP) and dia-
stolic blood pressure (DBP) levels than the control group (P<0.001). After treatment, the study group also showed 
lower levels of FBG, TC, TG, and LDL-C and a higher HDL-C level than the control group (P<0.001). Additionally, 
the incidences of cesarean section and postpartum hemorrhage were lower in the study group than those of the 
control group (both P<0.05). The two groups were not significantly different in premature delivery or low neonatal 
birth weight (both P>0.05), and the incidence of adverse reactions of the two groups was also not greatly differ-
ent (P>0.05). According to multivariate logistic regression analysis, higher BMI (OR: 3.087, 95% CI: 1.295~7.358) 
and higher SBP (OR: 1.220, 95% CI: 1.001~1.487) at admission were independent risk factors for poor efficacy, 
while combined therapeutic regimen (OR: 0.018, 95% CI: 0.001~0.228) was an independent protective factor. 
Conclusion: Magnesium sulfate combined with nifedipine can deliver a powerful clinical efficacy for patients with 
PIHS by lowering blood pressure and the incidence of adverse pregnancy outcomes and by improving glucose and 
lipid metabolism. 
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Introduction

Pregnancy-induced hypertension syndrome 
(PIHS) is the most common complication in 
pregnancy, which can give rise to insufficient 
blood supply to the fetus and lower the an- 
tioxidant capacity and immunity of pregnant 
women, resulting in adverse pregnancy out-
comes [1]. According to statistics, PIHS affects 
5-10% of pregnant women [2]. These pregnant 
women face higher risks of pre-eclampsia, 
cesarean section, premature delivery before 
37 weeks of pregnancy, neonatal birth weight 

below 2500 g, neonatal hospitalization and 
perinatal death, and also face a higher risk  
of cardiovascular disease in later life [3]. 
Reportedly, the incidence of hypertension in 
patients increased five times in the first five 
years after preeclampsia [4]. One study has 
also pointed out that 25-45% of women with 
pregnancy-induced hypertension develop hy- 
pertension within five years after delivery [5]. 
Therefore, in order to reduce the harm of PIHS 
to patients, it is of practical significance to find 
a safe and effective treatment for pregnancy-
induced hypertension.

http://www.ajtr.org
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The pathogenesis of PIHS is complex and is  
still unclear, but the expression of various in- 
flammatory factors and growth factors is con-
sidered to correlate with its development and 
progression [6]. Under the action of oxidative 
stress or lipid peroxide, a lipid metabolism dis-
order is correlated with inflammatory factors 
secreted by endothelial cells, followed by cell 
damage, which is one of the basic pathologic 
changes of PIHS [7, 8].

Drug therapy is a pivotal means to treat hyper-
tension. It mainly aims at relieving vessel 
spasm and reducing blood pressure and heart 
load. However, some drugs may hurt the fetus, 
so it is necessary to carefully choose the treat-
ment drugs [9]. Magnesium sulfate is a basic 
clinical treatment for PIHS, which can relieve 
small vessel spasm, but its blood pressure con-
trol effect is not satisfactory. It is unable to pro-
vide good efficacy for some patients when it is 
used alone, so it is usually used together with 
antihypertensive drugs [10]. Nifedipine is a cal-
cium antagonist, which can strongly relax arte-
rioles by inhibiting calcium ions from entering 
vascular smooth muscle and myocardial cells, 
thus rapidly and continuously reducing system-
ic blood pressure and increasing myocardial 
oxygen transport. Nifedipine has the character-
istics of lowering blood pressure and resisting 
angina pectoris [11]. Prior research has report-
ed the antihypertensive effect of magnesium 
sulfate and nifedipine in the treatment of preg-

to June 2022 were collected and retrospective-
ly analyzed. Among them, 58 patients who 
received magnesium sulfate alone were en- 
rolled as a control group, and the other 66 
given magnesium sulfate combined with nife-
dipine were enrolled as a study group. This 
study was performed with approval from the 
Medical Ethics Committee of Jiangxi Jiujiang 
Maternal and Child Care Centres (Ethical app- 
roval number: 20200209). The process of the 
study is described in Figure 1.

Inclusion and exclusion criteria

Inclusion criteria: Patients who were diagnosed 
with PIHS according to the diagnostic criteria  
in the Guidelines for Hypertension and Pree- 
clampsia in Pregnancy issued by the American 
College of Obstetricians and Gynecologists 
(ACOG) in 2019 [13]; patients with clinical man-
ifestations of hypertension, proteinuria, and 
edema after 20 weeks of pregnancy, patients 
≤40 years old, and those with detailed clinical 
data.

Exclusion criteria: Patients with abnormal glu-
cose and lipid metabolism before pregnancy; 
patients with malignant tumor; patients with 
serious organic diseases or dysfunction of 
heart, liver or kidney; patients with hyperten-
sion before pregnancy; patients with nervous 
system diseases or severe cognitive dysfunc-
tion; and those who were allergic to drugs used 
in this study.

Figure 1. Flow chart of 
the study.

nancy-hypertension syndrome 
[12], but few studies have 
explored their effects on glu-
cose and lipid metabolism and 
the factors affecting the effica-
cy. This study retrospectively 
evaluated the clinical effect of 
magnesium sulfate combined 
with nifedipine in the treatment 
of PIHS and analyzed the ch- 
anges in glucose and lipid 
metabolism before and after  
treatment. 

Materials and methods

Patient data

The clinical data of 124 cases 
of PIHS treated in Jiangxi 
Jiujiang Maternal and Child 
Care Centers from March 2020 
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Index collection method

The clinical baseline data and laboratory index-
related data of patients were collected from the 
electronic medical record system and LIS sys-
tem. The collected data included age, gesta-
tional week, body mass index (BMI), fetal heart 
rate, uterine height, times of pregnancy, parity, 
place of residence, smoking history, SBP, DBP, 
triglyceride (TG), high-density lipoprotein cho-
lesterol (HDL-C), total cholesterol (TC), low-den-
sity lipoprotein cholesterol (LDL-C), pregnancy 
outcome, and adverse reactions.

Evaluation criteria of clinical efficacy

Markedly effective: Within 12 weeks after deliv-
ery, the systolic blood pressure (SBP) and dia-
stolic blood pressure (DBP) of patients returned 
to normal (SBP<140 mmHg (1 mmHg=0.133 
kPa) and/or DBP<90 mmHg), and the clinical 
symptoms completely disappeared. Effective: 
Within 12 weeks after delivery, the SBP and 
DBP of patients decreased by ≥10 mmHg com-
pared to before treatment, and the clinical 
symptoms were alleviated. Ineffective: Within 
12 weeks after delivery, the patient’s blood 
pressure had not changed significantly, and the 
clinical symptoms did not change or were even 
worsened. Overall response rate = markedly 
effective rate + effective rate.

Outcome measures

Primary outcome measures: (1) The treatment 
efficacy in both groups was assessed at the 
end of the 12th week postpartum. (2) The 
patients’ SBP and DBP on the day before treat-
ment initiation and at the end of the 12th week 
postpartum were documented. SBP and DBP 
were measured with a sphygmomanometer 
after keeping in a quiet state for 5 minutes 
without strenuous exercise. 

Secondary outcome measures: (1) Fasting 
venous blood (3 mL) was collected the day 
before treatment initiation and 7 d after treat-
ment, respectively, and the fasting blood glu-
cose (FBG) and blood lipid indexes [triglyceride 
(TG), high-density lipoprotein-cholesterol (HDL-
C), total cholesterol (TC), and low-density lipo-
protein-cholesterol (LDL-C)] were detected by  
a Japanese OLYMPUS-AU600 automatic bio-
chemical analyzer. (2) The pregnancy outcomes 
of patients were recorded, including cesarean 

section, preterm delivery, postpartum hemor-
rhage, or low birth weight. (3) The incidence of 
adverse reactions after treatment was count- 
ed.

Statistical analyses

SPSS 20.0 software (SPSS Inc., Chicago, IL, 
USA) was used for statistical analysis of data. 
The chi-square test was used for comparing the 
rates, which was expressed as χ2. Intra-group 
before-after comparison was conducted using 
the paired t test, and inter-group comparison 
was conducted using the independent t-test. 
For multiple group comparison, repeated mea-
surement ANOVA was used, and Bonferroni test 
was used for post-test. Multiple logistic regres-
sion analysis was used to analyze the factors 
affecting the efficacy on patients. GraphPad 
Prism 7 (GraphPad Software, Inc., San Diego 
CA, USA) was adopted for figure drawing. P< 
0.05 was considered a significant difference.

Results

Baseline data

According to the comparison of baseline data, 
the two groups were not greatly different in age, 
gestational week, body mass index (BMI), heart 
rate of fetus, uterine height, number of preg-
nancies, times of delivery, place of residence, 
or smoking history (all P>0.05, Table 1).

Comparison of efficacy between the two 
groups

According to comparison of efficacy, the obser-
vation group showed a higher overall response 
rate than the control group (93.94% vs. 77.59%, 
P=0.008, Table 2).

Comparison of blood pressure levels between 
the two groups before and after treatment

Before treatment, the two groups were not 
greatly different in SBP and DBP levels; while 
after treatment, the study group showed lower 
SBP and DBP levels than the control group 
(both P<0.001, Figure 2).

Comparison of glucose and lipid metabolism 
levels between the two groups before and af-
ter treatment

Before treatment, the two groups were similar 
in glucose and lipid metabolism levels (FBG, TC, 
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TG, LDL-C and HDL-C), while after treatment, 
the study group showed lower levels of FBG, TC, 

birth weight of the two groups were not greatly 
different (all P>0.05, Table 3).

Table 1. Comparison of baseline data between the two groups
Control group (n=58) Study group (n=66) t/χ2 P

Age (years) 29.7±4.1 29.5±4.5 0.257 0.797
Gestational weeks (weeks) 29.70±2.48 29.55±2.31 0.349 0.728
BMI (kg/m2) 24.45±1.19 25.03±1.37 0.991 0.324
Fetal heart rate 146.65±8.06 145.44±9.72 0.748 0.456
Uterine height (cm) 22.00±4.48 21.66±4.76 0.408 0.684
Times of pregnancies (times) 1.478 0.478
    1 33 (56.90) 31 (46.97)
    2 20 (34.48) 26 (39.39)
    3 5 (8.62) 9 (13.64)
Times of delivery 1.709 0.635
    0 36 (62.07) 34 (51.52)
    1 16 (27.59) 21 (31.82)
    2 4 (6.90) 7 (10.61)
    3 2 (3.45) 4 (6.06)
Place of residence 0.716 0.398
    Urban area 40 (68.97) 50 (75.76)
    Rural area 18 (31.03) 16 (24.24)
Smoking history 0.684 0.408
    Yes 16 (27.59) 14 (21.21)
    No 42 (72.41) 52 (78.78)
BMI: body mass index.

Table 2. Comparison of treatment efficacy between the two groups
Control group (n=58) Study group (n=66) t/χ P

Markedly effective 28 (48.28) 43 (65.15) 7.560 0.023
Effective 17 (29.31) 19 (28.79)
Ineffective 13 (22.41) 4 (6.06)
overall response rate 45 (77.59) 62 (93.94) 6.979 0.008

Figure 2. Changes in blood pressure levels in the two groups before and 
after treatment. A. After therapy, the study group showed a lower SBP level 
than the control group (P<0.001). B. After therapy, the study group showed 
a lower DBP level than the control group (P<0.001). Note: ***P<0.001. 
SBP: Systolic blood pressure; DBP: Diastolic blood pressure.

TG, and LDL-C and a higher 
HDL-C level than the control 
group (all P<0.001, Figure 3).

Pregnancy outcomes of the 
two groups

According to statistics on the 
pregnancy outcomes, the two 
groups were different in the 
incidence of cesarean section 
and postpartum hemorrhage. 
The study group showed a 
lower incidence of cesarean 
section and postpartum hem-
orrhage than the control group 
(both P<0.05), but the prema-
ture delivery and low neonatal 
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Incidence of treatment-related adverse reac-
tions in the two groups

The incidence of adverse reactions in the two 
groups was counted after surgery. According to 
the results, the incidence of adverse reactions 
was not significantly different between the two 
groups (P=0.580, Table 4).

Univariate analysis of facts affecting efficacy

According to the treatment efficacy, the pa- 
tients were grouped into effective group (mark-
edly effective + effective) or ineffective group. 
According to the results, the two groups were 
greatly different in age, BMI, SBP at admission, 
DBP at admission, fasting blood glucose at 
admission, TC at admission, TG at admission, 

LDL-C at admission, HDL-C at admission, and 
therapeutic regimen (all P<0.05, Table 5).

Multivariate analysis of poor efficacy

According to multiple logistic regression analy-
sis, higher BMI and higher SBP admission were 
independent risk factors for poor efficacy, and 
combined therapeutic regimen was an inde-
pendent protective factor (Table 6).

Discussion

Pregnancy-induced hypertension syndrome PI- 
HS shows a high incidence, but its pathogene-
sis is still under investigation. Some studies 
think the pathogenesis is related to old age, 
heredity, mental state, or high body mass index 

Figure 3. Changes in glucose and lipid metabolism in the two groups before and after treatment. A. After treatment, 
the study group showed a lower fasting blood glucose level than the control group (P<0.001). B. After therapy, the 
study group showed a lower TC level than the control group (P<0.001). C. After therapy, the study group showed a 
lower TG level than the control group (P<0.001). D. After treatment, the study group showed a lower LDL-C level than 
the control group (P<0.001). E. After treatment, the study group showed a higher HDL-C level than the control group 
(P<0.001). Note: ***P<0.001. TC: Total cholesterol; TG: Triglyceride; LDL-C: Low-density lipoprotein-cholesterol; 
HDL-C: High-density lipoprotein-cholesterol.

Table 3. Comparison of pregnancy outcomes between two groups
Control group (n=58) Study group (n=66) χ2 P

Cesarean section 15 (25.86) 8 (12.12) 3.858 0.049
Premature delivery 5 (8.62) 2 (3.03) 1.811 0.178
Postpartum hemorrhage 8 (13.79) 2 (3.03) 4.823 0.028
Low neonatal birth weight 6 (10.34) 3 (4.55) 1.542 0.214
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[14]. Patients with PIHS have systemic vaso-
spasm and slow blood flow velocity, which can 
easily give rise to ischemia and hypoxia of tis-
sues and major organs, affecting fetal blood 
supply and finally resulting in adverse pregnan-
cy outcomes [15]. Patients with PIHS have a 

relatively high blood Ca2+ level. A high blood 
Ca2+ level promotes parathyroid hormone se- 
cretion, and causes contraction of uterine 
smooth muscle, increase blood pressure and 
arteriole spasm, further increasing peripheral 
pressure of blood vessels, endothelial cell per-

Table 4. Comparison of adverse reactions between the two groups
Control group (n=58) Study group (n=66) χ2 P

Chest distress 3 (5.17) 3 (4.55) 0.026 0.871
Dizzy 2 (3.45) 4 (6.06) 0.458 0.499
Headache 1 (1.72) 3 (4.55) 0.787 0.375
Myasthenia 2 (3.45) 4 (6.06) 0.458 0.499
Total adverse reaction 10 (17.24) 14 (21.21) 0.312 0.577

Table 5. Univariate analysis of factors affecting treatment efficacy
Effective group (n=107) Ineffective group (n=17) t/χ2 P

Age (year) 29.1±4.1 32.5±4.2 3.166 0.002
Gestational weeks (weeks) 29.58±2.40 29.88±2.23 0.483 0.630
BMI (kg/m2) 24.66±1.37 25.39±0.67 2.151 0.034
Fetal heart rate 146.15±9.30 145.00±6.62 0.490 0.625
Uterine height (cm) 21.61±4.70 23.17±3.89 1.298 0.197
Times of pregnancies 3.719 0.156
    1 time 58 (54.21) 6 (35.29)
    2 times 39 (36.45) 7 (41.18)
    3 times 10 (9.34) 4 (23.53)
Times of delivery 4.479 0.214
    0 times 63 (58.88) 7 (41.18)
    1 time 32 (29.91) 5 (29.41)
    2 times 8 (7.48) 3 (17.65)
    3 times 4 (3.74) 2 (11.76)
Place of residence 0.614 0.433
    Urban area 79 (73.83) 11 (64.71)
    Rural area 28 (26.17) 6 (35.29)
Smoking history 1.324 0.250
    Yes 24 (22.43) 6 (35.29)
    No 83 (77.57) 11 (64.71)
SBP at admission (mmHg) 164.37±5.27 168.71±5.64 3.125 0.002
DBP at admission (mmHg) 98.55±5.22 102.24±5.70 2.674 0.009
Fasting blood glucose at admission (mmol/L) 7.67±0.30 7.86±0.37 2.347 0.021
TC at admission (mmol/L) 6.49±0.49 6.87±0.40 3.037 0.003
TG at admission (mmol/L) 2.42±0.32 2.68±0.30 3.137 0.002
LDL-C at admission (mmol/L) 3.40±0.36 3.72±0.47 3.257 0.002
HDL-C at admission (mmol/L) 1.18±0.28 1.02±0.22 2.246 0.027
Therapeutic regimen 6.979 0.008
    Magnesium sulfate alone 45 (42.06) 13 (76.47)
    Combined treatment 62 (57.94) 4 (23.53)
BMI: body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; TC: Total cholesterol; TG: Triglyceride; LDL-
C: Low-density lipoprotein-cholesterol; HDL-C: High-density lipoprotein-cholesterol.
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meability, and proteinuria level, which finally 
promotes the development and progression of 
PIHS [16, 17]. Magnesium sulfate can prevent/
reduce arteriolar spasm and prevent eclampsia 
by promoting the synthesis of prostacyclin in 
vascular endothelium. It can also improve coag-
ulation and hemorheology indexes and allevi-
ate blood stasis to help supply blood and oxy-
gen to placenta and promote the continuation 
of pregnancy [18]. In the present study, the  
control group treated with magnesium sulfate 
showed better SBP and DBP levels after treat-
ment, which further verified the mechanism of 
magnesium sulfate in patients with PIHS.

In this study, compared to the control group, 
the study group showed a higher overall res- 
ponse rate, and presented lower SBP and DBP 
levels after treatment, but the total incidence 
of adverse reactions was not greatly different 
between the two groups. The reasons may be 
as follows: Magnesium sulfate combined with 
nifedipine can play a synergistic role in dilating 
blood vessels, relieving spasm, and improving 
the hemodynamics of patients; besides, nife-
dipine will not be affected by gastrointestinal 
peristalsis, so the antihypertensive mechanism 
is in a constant state, which avoids serious fluc-
tuations in blood pressure and contributes to a 
more stable antihypertensive effect [19]. The 
results are similar to those acquired by Xiang et 
al. [20]. They revealed that magnesium sulfate 
combined with nifedipine has a better antihy-
pertensive effect than magnesium sulfate 
alone, with an overall response rate of 94.90%, 
and they also showed that the combination 
therapy could better reduce the plasma viscos-
ity and urinary albumin of pregnant women. Yu 
et al. [21] found that magnesium sulfate com-
bined with nifedipine can better alleviate the 
degree of oxidative stress and vascular endo-
thelial cell injury in patients with pregnancy-
induced hypertension, thus improving the level 
of blood pressure.

According to prior research [22], abnormal glu-
cose and lipid metabolism can increase the 
risk of cardiovascular events in patients with 
PIHS. This study compared the glucose and 
lipid metabolism levels of patients before and 
after treatment. According to the results, the 
glucose and lipid metabolism and hemodynam-
ic indexes of the two groups were improved, 
and the improvement in the group treated with 
nifedipine combined with magnesium sulfate 
was better. Reportedly, calcium antagonists 
can effectively inhibit the secretion of gluca-
gon, improve the permeability of hepatocyte 
membrane and glucose, strengthen the inhibi-
tion of glycogen decomposition enzyme and 
gluconeogenesis enzyme activities, and thus 
improve the glucose metabolism ability of pa- 
tients [23]. Nifedipine can also exert a strong 
effect on improving blood lipid. Houston et al. 
[24] pointed out that among 49 patients with 
mild/moderate essential hypertension, HDL-C 
increased significantly while TG decreased sig-
nificantly after treatment with nifedipine. This 
suggests that nifedipine was effective in antihy-
pertension, improving blood lipids, and reduc-
ing the risk of cardiovascular disease. There- 
fore, the combination with nifedipine provides  
a good effect of regulating glucose and lipid 
metabolism. Finally, this study analyzed the 
pregnancy outcomes and neonatal condition of 
the two groups and found significantly lower 
cesarean section rate and premature delivery 
rate in the group given combined drugs than 
those in the group who received single drug, 
suggesting the improvement effect of magne-
sium sulfate combined with nifedipine on the 
pregnancy outcomes. In order to explore the 
factors affecting the efficacy of treatment, mul-
tivariate logistic regression analysis was con-
ducted. According to the results, higher BMI 
and higher SBP at admission were independent 
risk factors for poor efficacy, while combined 
therapeutic regimen was an independent pro-
tective factor. The reason may be that high BMI 

Table 6. Multivariate analysis of factors affecting treatment efficacy

Factor B S.E, Wals Sig. Exp (B)
95% CI of EXP (B) 

Lower limit Upper limit 
Therapeutic regimen -4.003 1.302 9.577 0.002 0.018 0.001 0.228
BMI 1.127 0.443 6.473 0.011 3.087 1.295 7.358
SBP at admission 0.199 0.101 3.900 0.048 1.220 1.001 1.487
BMI: body mass index; SBP: Systolic blood pressure.
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and high SBP can increase the excitability of 
sympathetic nervous system and aggravate the 
contraction of arterioles, which increases the 
difficulty in effectively controlling blood pres-
sure [25, 26]. The results also suggest that 
magnesium sulfate combined with nifedipine 
can improve the efficacy.

This study has some limitations. First, in such a 
retrospective study, there are some unavoid-
able biases. Second, limited to the follow-up 
time of the study, the long-term impact on post-
partum women is not clear. Finally, this study 
has not collected data on the postnatal growth 
of the baby. We hope to explore the effects of 
this therapeutic regimen on the baby in the 
future. 

In sum, magnesium sulfate combined with  
nifedipine can deliver a strong clinical efficacy 
for patients with PIHS by lowering blood pres-
sure and the incidence of adverse pregnancy 
outcomes, and improving glucose and lipid 
metabolism.
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