
Am J Transl Res 2024;16(11):7096-7106
www.ajtr.org /ISSN:1943-8141/AJTR0159901

https://doi.org/10.62347/COZZ1407

Original Article
Effects of magnesium sulfate combined with labetalol on 
vascular endothelial function and pregnancy outcomes  
in pregnant women with preeclampsia

Yun Liu, Weiling Li, Yan Sun, Zhe Wang

Department of Gynecology and Obstetrics, Xi’an High-Tech Hospital, No. 16, Tuanjie South Road, Yanta District, 
Xi’an 710000, Shaanxi, China

Received August 18, 2024; Accepted October 31, 2024; Epub November 15, 2024; Published November 30, 2024

Abstract: Objective: To investigate the effects of magnesium sulfate combined with labetalol treatment on vascular 
endothelial function and pregnancy outcomes in pregnant women with preeclampsia (PE). Methods: In this retro-
spective study, clinical data was analyzed from 262 PE parturients who were treated in Xi’an High-Tech Hospital 
from January 2022 to February 2024. They were divided into the experimental group (138 cases) and the control 
group (124 cases) based on the treatment plan. The control group received magnesium sulfate monotherapy, while 
the experimental group received a combination of magnesium sulfate and labetalol. The therapeutic effect was 
evaluated by measuring changes in vascular endothelial function indicators such as nitric oxide (NO) and endo-
thelin-1 (ET-1) levels, systolic blood pressure (SBP), and diastolic blood pressure (DBP). Adverse reactions and 
pregnancy outcomes were statistically analyzed. Results: After treatment, the NO level was significantly higher while 
the ET-1 level was significantly lower in the experiment group than those in the control group (all P<0.001). The DBP 
and SBP in the experimental group were significantly lower than those in the control group (P=0.002 and P<0.001). 
Although the incidence of adverse reactions didn’t differ significantly between the two groups (P=0.440), the inci-
dence of adverse pregnancy outcomes in the experimental group was significantly lower than that in the control 
group (P=0.028). Multivariate logistic analysis showed that fasting blood sugar, gestational age, 24-hour urine pro-
tein, post-treatment NO, ET-1, DBP, and SBP are independent factors affecting adverse pregnancy outcomes, with 
higher gestational age and post-treatment NO levels being protective factors. The areas under the curve for fasting 
blood sugar, gestational age, urine protein, post-treatment NO, post-treatment ET-1, post-treatment DBP, and post-
treatment SBP in predicting adverse pregnancy outcomes were 0.645, 0.598, 0.615, 0.654, 0.685, 0.669, and 
0.673, respectively. Post-treatment NO was negatively correlated with fasting blood sugar, urine protein, post-treat-
ment DBP, and post-treatment SBP (r=-0.713, r=-0.605, r=-0.650, r=-0.676, all P<0.001), and positively correlated 
with gestational age (r=0.626, P<0.001). Conversely, post-treatment ET-1 was positively correlated with fasting 
blood sugar, urine protein, post-treatment DBP, and post-treatment SBP (r=0.746, r=0.710, r=0.729, r=0.720, all 
P<0.001), and negatively correlated with gestational age (r=-0.753, P<0.001). Conclusions: The combined treat-
ment of magnesium sulfate and labetalol significantly improves vascular endothelial function and pregnancy out-
comes in preeclamptic pregnant women, effectively controlling pregnancy hypertension and reducing the incidence 
of adverse pregnancy outcomes. This combined treatment is as safe as magnesium sulfate monotherapy and can 
be considered a preferred treatment plan for pregnant women with preeclampsia.
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Introduction

Preeclampsia (PE) is a multisystem disorder 
exclusive to pregnancy, characterized by hyper-
tension that typically develops after the 20th 
week of gestation [1]. As a serious pregnancy 
complication, PE is a leading cause of maternal 
and perinatal mortality and morbidity, affecting 

approximately 2%-8% of pregnant women [2, 
3]. Notably, the incidence of PE is significantly 
higher in developing countries, being about 
seven times higher than in developed countries 
[4]. While the exact pathogenesis of PE has not 
been fully elucidated, existing research indi-
cates that placental dysfunction and inade-
quate perfusion of the uterine placental bed 
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may play an important role in the development 
of PE [5]. Risk factors for PE include advanced 
maternal age, obesity, nulliparity, a family or 
personal history of PE, chronic kidney disease 
or autoimmune disease, and multiple pregnan-
cies. As the condition worsens [6], PE can lead 
to maternal organ dysfunction and, in severe 
cases, may cause convulsions or even coma, 
severely endangering the health of both mother 
and child [7].

Magnesium sulfate is a commonly used drug in 
clinical practice for the treatment of eclampsia. 
It improves endothelial dysfunction associated 
with cardiovascular diseases and exerts multi-
ple effects such as diuresis, spasmolysis, and 
lowering blood pressure [8]. However, some 
studies have indicated that some patients may 
not achieve the desired therapeutic effect with 
magnesium sulfate alone [9]. In addition, exces-
sively high blood concentrations of magnesium 
sulfate can lead to side effects such as dizzi-
ness, nausea and vomiting, abdominal pain, 
and diarrhea, posing risks to both maternal and 
fetal safety [10]. Therefore, magnesium sulfate 
is often used in combination with other drugs to 
improve therapeutic efficacy. Labetalol, a sali-
cylic acid derivative, is commonly prescribed 
for hypertension. It antagonizes both α and  
β adrenergic receptors, promotes peripheral 
vasodilation, improves local microcirculation, 
thus effectively lowering blood pressure [11, 
12].

Preeclamptic patients often experience endo-
thelial dysfunction after delivery, which may 
persist in some cases and eventually progress 
to chronic hypertension [13]. The disorder of 
vascular endothelial function and arterial elas-
ticity plays a key role in the pathogenesis of 
preeclampsia [14, 15]. Therefore, accurately 
assessing these dysfunctions is of great signifi-
cance for disease monitoring and treatment. 
Correcting endothelial dysfunction may help 
improve the clinical prognosis of patients with 
preeclampsia and improve pregnancy outcom- 
es. This study evaluates the impact of magne-
sium sulfate combined with labetalol therapy 
on vascular endothelial function and pregnancy 
outcomes in patients with preeclampsia.

Methods and data

Study subjects

We collected the medical records of parturients 
with PE treated at Xi’an High-Tech Hospital from 

January 2022 to February 2024. Inclusion cri-
teria: (1) diagnosis of PE meeting the WHO cri-
teria, defined as blood pressure reaching or 
exceeding 140/90 mmHg at least twice (mea-
sured at least 4 hours apart) after the 20th 
week of gestation, accompanied by proteinuria 
greater than 3 grams/24 hours [16]; (2) gesta-
tional age greater than 20 weeks; (3) patients 
with normal mental and conscious status; and 
(4) complete medical record information. Ex- 
clusion criteria: (1) history of primary hyper- 
tension; (2) severe functional insufficiency of 
organs such as heart, liver, kidney, or lungs; (3) 
allergies to the drugs used; (4) other pregnan-
cy-related diseases; and (5) history of unex-
plained miscarriage. Ultimately, 262 cases 
were selected according to these criteria.

Ethical statement

The study received approval from the Medical 
Ethics Committee of Xi’an High-Tech Hospital 
(Ethical approval number: 191128).

Treatment plan

The control group received monotherapy with 
magnesium sulfate. Specifically, 20 milliliters of 
magnesium sulfate (Manufacturer: Nanchang 
Baiyun Pharmaceutical Company, Batch No.: 
20210811) were mixed with 100 milliliters of 
5% glucose solution and administered via intra-
venous drip, at a controlled rate of 1 to 2 grams 
per hour, once daily.

The experimental group received a combined 
treatment plan with labetalol (Manufacturer: 
Jiangsu Desano Pharmaceutical Co., Ltd., batch 
number: 20210604) and magnesium sulfate. 
Labetalol hydrochloride tablets were adminis-
tered at a dose of 100 milligrams each, 2 to 3 
times a day. Throughout the treatment period, 
which lasted one week, blood pressure chang-
es in both groups of patients were closely 
monitored.

Observation results

Baseline data, including age, pre-pregnancy 
BMI, fasting blood sugar, gestational age, his-
tory of miscarriage, number of fetuses, number 
of deliveries, family history of hypertension, 
family history of diabetes, smoking history, and 
24-hour urine protein levels of the two groups 
of research subjects were collected. The levels 
of vascular endothelial function indicators nitric 
oxide (NO) and endothelin-1 (ET-1), as well as 
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diastolic blood pressure (DBP) and systolic 
blood pressure (SBP) before and after treat-
ment in the two groups of patients were record-
ed. Adverse reactions during treatment in the 
two groups, including gastrointestinal reac-
tions, dizziness, headache, and hypoalbumin-
emia, were compared. Adverse pregnancy out-
comes after treatment in the two groups of 
patients, including placental abruption, fetal 
distress, neonatal asphyxia, and postpartum 
hemorrhage, were compared. Univariate and 
multivariate analyses were performed to iden-
tify the independent factors influencing ad- 
verse pregnancy outcomes. The predictive 
value of the independent influencing factors 
was detected through the ROC curve.

Statistical methods

Statistical analysis was performed using SPSS 
25.0 software (IBM, NY, USA) and Microsoft 
Excel (Microsoft, NY, USA). Quantitative data 
were expressed as mean ± standard deviation, 
and group comparisons were made using inde-
pendent sample t-tests. Categorical data were 
expressed as percentage and group compari-
sons were made using chi-square tests. P<0.05 
was used to indicate significant differences. 
Univariate logistic regression analysis was per-
formed to estimate the unadjusted risk of 
adverse pregnancy outcomes in preeclamptic 
patients by independent variables. Variables 
with P<0.05 in this preliminary step were 
included in the subsequent multivariate logistic 
regression analysis. In multivariate logistic 
regression, odds ratios, 95% confidence inter-
vals (CI), and P values were calculated to esti-

mate the independent impact of risk factors  
on the occurrence of adverse pregnancy out-
comes. The receiver operating characteristic 
(ROC) curve was used to determine the predic-
tive value of influencing factors for adverse 
pregnancy outcomes. Pearson correlation was 
used to detect the correlation between post-
treatment NO and ET-1 levels and the indepen-
dent influencing factors of adverse pregnancy 
outcomes.

Results

Baseline data of the two groups

The baseline data of the two groups are shown 
in Table 1. There were no significant diffe- 
rences in age, pre-pregnancy body mass index 
(BMI), fasting blood sugar, gestational age, his-
tory of miscarriage, number of fetuses, number 
of deliveries, family history of hypertension, 
family history of diabetes, smoking history, or 
24-hour urine protein between the two groups 
(all P>0.05).

Comparison of vascular endothelial function 
before and after treatment between the two 
groups

The changes in levels of vascular endothelial 
function indicators NO and ET-1 before and 
after treatment in the two groups are shown in 
Figure 1. The NO level in the experimental 
group was not statistically different from that in 
the control group before treatment (P=0.674); 
however, it was significantly higher after treat-
ment (P<0.001). Conversely, the ET-1 level in 

Table 1. Comparison of baseline data between the two groups
Experimental group Control group χ2/t P

Number of cases 138 124
Age (<35 years/≥35 years) 105/33 89/35 0.632 0.427
Pre-pregnancy BMI (<24 kg/m2/≥24 kg/m2) 81/57 78/46 0.485 0.486
Fasting blood sugar (mmol/L) 5.07±1.07 5.18±0.95 0.901 0.368
Gestational age (weeks) 34.54±2.17 34.10±2.56 1.488 0.138
History of miscarriage (yes/no) 39/99 41/83 0.711 0.399
Number of fetuses (single/multiple) 127/11 110/14 0.834 0.361
Number of deliveries (primiparous/multiparous) 29/109 33/91 1.133 0.287
Family history of hypertension (yes/no) 22/116 29/95 2.309 0.129
Family history of diabetes (yes/no) 21/117 14/110 0.870 0.351
Family history of diabetes (yes/no) 17/121 10/114 1.279 0.258
24-hour urine protein (g) 3.77±0.36 3.76±0.33 0.256 0.798
BMI: Body Mass Index.
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the experimental group was not statistically dif-
ferent from that in the control group before 
treatment (P=0.778), but it was significantly 
lower after treatment (P<0.001).

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

Changes in DBP and SBP before and after treat-
ment in both groups are shown in Figure 2. The 

and 180 cases without. The relevant factors for 
both groups are shown in Table 4. Univariate 
analysis found that fasting blood sugar, gesta-
tional age, 24-hour urine protein, post-treat-
ment NO, post-treatment ET-1, post-treatment 
DBP, and post-treatment SBP were significantly 
related to adverse pregnancy outcomes (all 
P<0.05), while age, pre-pregnancy BMI, history 
of miscarriage, number of fetuses, number of 
deliveries, family history of hypertension, family 

Figure 1. Comparison of vascular endothelial function between the two 
groups before and after treatment. A. Comparison of NO levels between the 
two groups of patients before and after treatment. B. Comparison of ET-1 
levels between the two groups of patients before and after treatment. NO: 
Nitric Oxide; ET-1: Endothelin-1. ***P<0.001, compared with pre-treatment; 
##P<0.01, compared with pre-treatment.

DBP and SBP in the experi-
mental group were not statis-
tically different from those in 
the control group before treat-
ment (P=0.064 and 0.385); 
however, both were signifi-
cantly lower after treatment 
(P=0.002 and P<0.001, res- 
pectively).

Adverse reactions in the two 
groups

The adverse reactions in  
the two groups are shown  
in Table 2. The total inciden- 
ce of adverse reactions in  
the experimental group was 
10.87%, and in the control 
group, it was 8.06%. There 
was no significant differen- 
ce between the two groups 
(P=0.440).

Adverse pregnancy outcomes 
in the two groups

The adverse pregnancy out-
comes for both groups are 
shown in Table 3. The total 
incidence of adverse preg-
nancy outcomes in the expe- 
rimental group was 21.74%, 
and in the control group, it 
was 33.87%. The incidence in 
the experimental group was 
significantly lower than that in 
the control group (P=0.028).

Univariate analysis of factors 
affecting adverse pregnancy 
outcomes

All patients were divided into 
two groups: 82 cases with 
adverse pregnancy outcomes 

Figure 2. Changes in blood pressures between the two groups before and 
after treatment. A. Comparison of DBP between the two groups of patients 
before and after treatment. B. Comparison of SBP between the two groups 
of patients before and after treatment. DBP: Diastolic Blood Pressure; 
SBP: Systolic Blood Pressure. ***P<0.001, compared with pre-treatment; 
###P<0.001, compared with pre-treatment.



Magnesium sulfate combined with labetalol in the treatment of PE

7100 Am J Transl Res 2024;16(11):7096-7106

history of diabetes, and smoking history were 
not (all P>0.05).

Multivariate analysis

Factors significantly related to adverse preg-
nancy outcomes in univariate analysis were 
entered into the Logistic regression equation 
for multivariate analysis. The results of multi-
variate analysis (Figure 3) showed that higher 
fasting blood sugar, urine protein, post-treat-
ment ET-1, post-treatment DBP, and post-treat-

ment SBP were independent risk factors for 
adverse pregnancy outcomes, while higher ges-
tational age and post-treatment NO were inde-
pendent protective factors. The treatment plan 
is not an independent influencing factor for 
adverse pregnancy outcomes.

Predictive value of independent influencing 
factors for adverse pregnancy outcomes

The ROC curve was used to explore the predic-
tive value of independent influencing factors 

Table 2. Comparison of adverse reactions between the two groups

Number 
of cases

Gastrointestinal 
Reactions Dizziness Headache Hypoalbuminemia

Total number 
of adverse 
reactions

Overall incidence 
of adverse  
reactions

Experimental Group 138 6 3 1 5 15 10.87%
Control Group 124 3 4 2 1 10 8.06%
χ2 0.595
P 0.440

Table 3. Comparison of adverse pregnancy outcomes between the two groups

Number 
of cases

Placental 
Abruption

Fetal 
Distress

Neonatal 
Asphyxia

Postpartum 
Hemorrhage

Total number 
of adverse 
pregnancy 
outcomes

The overall  
incidence of adverse 
pregnancy outcomes

Experimental group 138 7 12 8 3 30 21.74%
Control group 124 12 18 8 4 42 33.87%
χ2 4.824
P 0.028

Table 4. Univariate analysis table
Adverse 

pregnancy 
outcomes

Non-adverse 
pregnancy 
outcomes

OR (95% CI) P

Number of cases 82 180

Age (<35 years/≥35 years) 58/24 136/44 0.782 (0.438-1.416) 0.409

Pre-pregnancy BMI (<24 kg/m2/≥24 kg/m2) 53/29 106/74 1.276 (0.746-2.206) 0.378

Fasting blood sugar (mmol/L) 5.53±1.07 4.94±0.94 1.805 (1.375-2.408) <0.001

Gestational age (weeks) 33.67±2.62 34.62±2.18 0.844 (0.753-0.943) 0.003

History of miscarriage (yes/no) 28/54 52/128 1.276 (0.725-2.224) 0.392

Number of fetuses (single/multiple) 71/11 166/14 0.544 (0.236-1.282) 0.155

Number of deliveries (primiparous/multiparous) 16/66 46/134 0.706 (0.364-1.318) 0.287

Family history of hypertension (yes/no) 19/63 32/148 1.395 (0.726-2.627) 0.308

Family history of diabetes (yes/no) 10/72 25/155 0.861 (0.377-1.839) 0.709

Family history of diabetes (yes/no) 9/73 18/162 1.110 (0.456-2.530) 0.810

24-hour urine protein (g) 3.86±0.30 3.72±0.35 3.414 (1.566-7.711) 0.002 

After treatment NO (μmol/L) 64.38±7.50 67.97±6.78 0.931 (0.894-0.966) <0.001 

After treatment ET-1 (ng/L) 69.07±11.82 61.26±10.61 1.066 (1.040-1.095) <0.001 

After treatment DBP (mmHg) 95.52±7.67 90.48±7.85 1.087 (1.049-1.129) <0.001 

After treatment SBP (mmHg) 146.67±9.75 140.79±10.43 1.056 (1.029-1.085) <0.001 

Treatment options (combination of labetalol/magnesium sulfate alone) 32/50 106/74 0.447 (0.260-0.758) 0.003
BMI: Body Mass index; NO: Nitric Oxide; ET-1: Endothelin-1; DBP: Diastolic Blood Pressure; SBP: Systolic Blood Pressure.
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such as fasting blood sugar, gestational age, 
urine protein, post-treatment NO, post-treat-
ment ET-1, post-treatment DBP, and post-treat-
ment SBP for adverse pregnancy outcomes, as 
shown in Figure 4. The areas under the curve 
(AUCs) for fasting blood sugar, gestational age, 
urine protein, post-treatment NO, post-treat-
ment ET-1, post-treatment DBP, and post-treat-
ment SBP in predicting adverse pregnancy  
outcomes were 0.645, 0.598, 0.615, 0.654, 
0.685, 0.669, and 0.673, respectively.

Correlation between post-treatment NO and 
ET-1 and independent influencing factors

The Pearson correlation analysis was utilized  
to investigate the relationship between post-
treatment NO and ET-1 with independent influ-
encing factors such as fasting blood sugar, ges-
tational age, urine protein, post-treatment dia-
stolic blood pressure (DBP), and post-treatment 
systolic blood pressure (SBP), as shown in 
Figure 5. The results indicated that post-treat-
ment NO was negatively correlated with fasting 
blood sugar, urine protein, post-treatment DBP, 
and post-treatment SBP (r=-0.713, r=-0.605, 
r=-0.650, r=-0.676, all P<0.001), and posi- 
tively correlated with gestational age (r=0.626, 
P<0.001). In contrast, post-treatment ET-1 was 
positively correlated with fasting blood sugar, 

urine protein, post-treatment DBP, and post-
treatment SBP (r=0.746, r=0.710, r=0.729, 
r=0.720, all P<0.001), but negatively correlat- 
ed with gestational age (r=-0.753, P<0.001).

Discussion

Low doses of magnesium sulfate can prevent 
the prolongation of PE and extend gestational 
weeks to certain extend; however, it is ineffec-
tive in controlling blood pressure indicators in 
patients, while high doses are prone to cause 
magnesium ion poisoning [17]. Labetalol, an 
antihypertensive drug, can effectively blocks α 
and β receptors, achieving the effect of peri- 
pheral vasodilation, reducing peripheral vascu-
lar resistance, effectively blocking adrenergic 
receptors, ensuring a gentle sinus rhythm, and 
controlling blood pressure levels [18, 19]. In 
addition, labetalol can suppress myocardium 
and smooth muscle contractions, prolong the 
conduction time of the atrioventricular node, 
thereby reducing blood pressure, preventing 
arrhythmias, and reducing peripheral vascular 
resistance. These effects help minimize risks to 
both mother and child, ensuring smooth deliv-
ery [20].

NO is a vasodilator that can lower blood pres-
sure, while ET-1 is a potent vasoconstrictor 

Figure 3. Forest plot of multivariate analysis. NO: Nitric Oxide; ET-1: Endothelin-1; DBP: Diastolic Blood Pressure; 
SBP: Systolic Blood Pressure.



Magnesium sulfate combined with labetalol in the treatment of PE

7102 Am J Transl Res 2024;16(11):7096-7106

[21]. In the treatment of preeclampsia, an 
increase in NO levels and a decrease in ET-1 
levels may indicate an improved balance 
between vascular dilation and constriction, 
which helps to lower blood pressure and en- 
hance blood circulation [22]. The recovery of 
vascular endothelial function is crucial for 
improving pregnancy outcomes, as endothelial 
dysfunction is one of the main pathological 
mechanisms of preeclampsia [23]. This study 
found that after treatment, the NO levels in the 
experimental group increased significantly, and 
the ET-1 levels decreased significantly, indicat-
ing that the combined treatment plan is more 
effective in improving vascular endothelial 
function. This may help to improve the progno-
sis of patients with preeclampsia and reduce 
the risk of complications. In addition, the ex- 
perimental group showed a significant advan-
tage in controlling SBP and DBP, indicating that 
the combined use of labetalol can more effec-
tively control hypertension, which is an impor-
tant factor in improving pregnancy outcomes. 
Effective blood pressure control can mitigate 

the risks associated with preeclampsia and 
reduce the incidence of adverse pregnancy out-
comes [24].

There was no significant difference in the inci-
dence of adverse reactions between the two 
groups, indicating that the safety profile of 
magnesium sulfate combined with labetalol is 
comparable to that of magnesium sulfate 
alone. Notably, the incidence of adverse preg-
nancy outcomes in the experimental group was 
significantly lower than that in the control 
group, further proving the superiority of the 
combined treatment plan. This suggests that  
in clinical practice, the combined treatment  
of labetalol and magnesium sulfate for pre-
eclamptic pregnant women can be prioritized 
to improve therapeutic effects and reduce the 
risk of adverse pregnancy outcomes. Wang et 
al. [25] also showed that magnesium sulfate 
combined with labetalol effectively improved 
outcomes in cases of early-onset severe pre-
eclampsia. Additionally, Xie et al. [26] also 
showed that labetalol can inhibit platelet agg- 

Figure 4. ROC curves for independent influencing factors in predicting adverse pregnancy outcomes. A. ROC curve 
for fasting blood sugar in predicting adverse pregnancy outcomes. B. ROC curve for gestational age in predicting 
adverse pregnancy outcomes. C. ROC curve for urine protein in predicting adverse pregnancy outcomes. D. ROC 
curve for post-treatment NO levels in predicting adverse pregnancy outcomes. E. ROC curve for post-treatment ET1 
levels in predicting adverse pregnancy outcomes. F. ROC curve for post-treatment DBP levels in predicting adverse 
pregnancy outcomes. G. ROC curve for post-treatment SBP levels in predicting adverse pregnancy outcomes. NO: 
Nitric Oxide; ET-1: Endothelin-1; DBP: Diastolic Blood Pressure; SBP: Systolic Blood Pressure.
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Figure 5. Correlation between post-treatment NO and ET-1 and independent influencing factors. A. Post-treatment NO was negatively correlated with fasting blood 
sugar. B. Post-treatment NO was positively correlated with gestational age. C. Post-treatment NO was negatively correlated with urine protein. D. Post-treatment NO 
was negatively correlated with post-treatment DBP. E. Post-treatment NO was negatively correlated with post-treatment SBP. F. Post-treatment ET1 was positively 
correlated with fasting blood sugar. G. Post-treatment ET1 was negatively correlated with gestational age. H. Post-treatment ET1 was positively correlated with urine 
protein. I. Post-treatment ET1 was positively correlated with post-treatment DBP. J. Post-treatment ET1 was positively correlated with post-treatment SBP. NO: Nitric 
Oxide; ET-1: Endothelin-1; DBP: Diastolic Blood Pressure; SBP: Systolic Blood Pressure.
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regation, promote fetal lung maturation, and 
does not cause a rapid drop in blood pressure 
and palpitations.

Multivariate analysis revealed that higher NO 
levels and longer gestational age after treat-
ment are protective factors for adverse preg-
nancy outcomes. NO, as an endogenous vaso-
dilator, can effectively reduce vascular resis-
tance and improve placental blood flow, thereby 
reducing the incidence of adverse pregnancy 
outcomes [27]. Conversely, higher ET-1 levels, 
fasting blood sugar, urine protein, and high sys-
tolic and diastolic pressures after treatment 
were identified as risk factors. ET-1 is a potent 
vasoconstrictor, and its increased levels are 
often accompanied by vasoconstriction and 
endothelial dysfunction [28]. The multivariate 
results also showed that higher fasting blood 
glucose and urine protein were independent 
risk factors for adverse pregnancy outcomes. 
Zeng et al. [29] mentioned that even in the 
absence of gestational diabetes, blood sugar 
levels at the threshold for gestational diabetes 
were associated with an increased risk of mac-
rosomia. Lei et al. [30] found that the severity 
of 24-hour urinary protein can predict the out-
comes of stillbirth, premature delivery, and 
fetal distress in PE patients, with higher 24-hour 
urinary protein correlating with increased rates 
of induced labor and stillbirth.

Through ROC curve analysis, we assessed the 
predictive ability of each independent influenc-
ing factor for adverse pregnancy outcomes. 
The AUCs of fasting blood sugar, gestational 
age, urine protein, post-treatment NO, post-
treatment ET-1, post-treatment DBP, and post-
treatment SBP were all greater than 0.5. 
Specifically, the AUCs for post-treatment ET-1 
level, SBP, and DBP in predicting adverse preg-
nancy outcomes were 0.685, 0.669, and 0.673, 
respectively, indicating that these factors have 
moderate predictive ability. In particular, the 
post-treatment ET-1 level, as a potent vasocon-
strictor, was significantly related to adverse 
pregnancy outcomes. The highest AUC of ET-1 
indicates that it has the strongest predictive 
ability for adverse pregnancy outcomes am- 
ong all influencing factors. Therefore, ET-1  
can serve as an important biomarker for the 
early identification and intervention of high- 
risk preeclamptic pregnant women in clinical 
practice.

At the end of the study, it was found that the  
NO level after treatment was negatively corre-
lated with fasting blood sugar, urine protein, 
DBP, and SBP, and positively correlated with 
gestational age. This indicates that increased 
NO levels are helpful in lowering blood pressure 
and urine protein levels, and are related to a 
longer gestational period, all of which are pro-
tective factors for favorable pregnancy out-
comes. NO, as a vasodilator, can alleviate vas-
cular tension, improve placental perfusion, 
thereby positively impacting pregnancy out-
comes. On the contrary, the post-treatment 
ET-1 level was positively correlated with the 
above indicators and negatively correlated with 
gestational age, further confirming that ET-1, as 
a vasoconstrictor, is often accompanied by 
endothelial dysfunction, increased blood pres-
sure, and increased urine protein, thereby 
increasing the risk of adverse pregnancy 
outcomes.

This study has a few limitations, such as the 
study sample only coming from a single medi-
cal institution, which may limit the external 
validity of the results. Future studies should 
consider multicenter, large sample size, ran-
domized controlled trials to further verify the 
efficacy and safety of magnesium sulfate com-
bined with labetalol treatment for preeclamptic 
pregnant women. In addition, future studies 
can consider combining other medications or 
non-drug interventions to comprehensively 
enhance the management of preeclampsia.

In summary, the combined treatment of mag-
nesium sulfate and labetalol significantly im- 
proves vascular endothelial function and preg-
nancy outcomes in preeclamptic pregnant 
women and more effectively controls pregnan-
cy hypertension and reduces the incidence of 
adverse pregnancy outcomes. This combined 
treatment plan is as safe as using magnesium 
sulfate alone and can be considered a pre-
ferred treatment option for pregnant women 
with preeclampsia.
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