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Abstract: Objective: To investigate the associations of D-dimer (D-D), platelet-activating factor (PAF), and soluble 
vascular endothelial growth factor receptor 1 (sVEGFR-1) levels with disease severity and prognosis in hyperten-
sive disorders complicating pregnancy (HDCP). Methods: A total of 138 HDCP patients were categorized as the 
gestational hypertension (GH, n = 62), preeclampsia (PE, n = 45), and severe preeclampsia (SPE, n = 31) groups. 
Fifty healthy pregnant women served as controls. Plasma D-D and serum PAF and sVEGFR-1 levels were measured 
and compared. ROC curves assessed their diagnostic and prognostic value. Based on neonatal Apgar score <7 or 
grade III amniotic fluid contamination, patients were divided into good (n = 73) and poor (n = 65) prognosis groups. 
Results: D-D, PAF, and sVEGFR-1 levels increased with disease severity (all P<0.05). The AUCs for diagnosing HDCP 
severity were 0.893 (D-D), 0.889 (PAF), 0.825 (sVEGFR-1), and 0.944 (combined). Multivariate logistic regression 
identified D-D, PAF, sVEGFR-1, and 24h RPO as independent prognostic factors (all P<0.05). Combined AUC for prog-
nosis prediction was 0.883. Conclusion: Elevated D-D, PAF, and sVEGFR-1 levels are closely associated with HDCP 
severity and prognosis, offering high diagnostic and predictive value.

Keywords: Hypertensive disorders of pregnancy, D-dimer, platelet-activating factor, human soluble vascular endo-
thelial growth factor receptor 1, disease condition, prognosis

Introduction

Hypertensive disorders complicating pregnan-
cy (HDCP) are multisystem syndromes unique 
to pregnancy and represent a leading cause  
of maternal and perinatal mortality worldwide 
[1]. According to the World Health Organization, 
the incidence of HDCP has been rising annual-
ly. In developing countries, HDCP accounts for 
up to 16% of maternal deaths, posing a signifi-
cant public health challenge that endangers 
both maternal and neonatal health [2]. Clini- 
cally, HDCP is characterized by new-onset hy- 
pertension, proteinuria, and multi-organ dys-
function after 20 weeks of gestation. However, 
its pathogenesis remains incompletely under-
stood. Current evidence suggests that HDCP 
involves multiple mechanisms, including vas- 
cular endothelial injury, oxidative stress, in- 
flammatory cytokine release, and placental 

ischemia-hypoxia. In particular, small artery 
spasms, hemodynamic disturbances, and im- 
balance in the coagulation-fibrinolysis system 
contribute to impaired maternal organ perfu-
sion and placental dysfunction [3-5]. 

Approximately 30% of HDCP cases progress to 
severe forms such as preeclampsia or eclamp-
sia, often leading to serious complications in- 
cluding HELLP syndrome and placental abrupti-
on. These conditions are associated with peri-
natal mortality rates 5-8 times higher than in 
normotensive pregnancies [6, 7], highlighting 
the urgent need for early identification of high-
risk patients and timely intervention.

Recent advances in molecular biology have 
spurred interest in identifying biomarkers that 
reflect HDCP pathophysiology and prognosis. 
D-dimer (D-D), a fibrin degradation product,  
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is associated with hyperfibrinolysis, placental 
microthrombosis, and defective spiral artery 
remodeling [8]. Platelet-activating factor (PAF), 
a potent procoagulant mediator, promotes 
vasoconstriction, increased vascular permea-
bility, and trophoblast apoptosis, contributing 
to placental ischemia-reperfusion injury [9]. 
Soluble vascular endothelial growth factor 
receptor-1 (sVEGFR-1), an anti-angiogenic fac-
tor, antagonizes VEGF and placental growth 
factor (PlGF) activity, impairs placental vascu- 
lar development, and reduces uteroplacental 
perfusion [10].

This study innovatively investigates the com-
bined detection of D-D, PAF, and sVEGFR-1, re- 
presenting coagulation dysfunction, platelet 
activation, and angiogenic imbalance, respec-
tively. By analyzing expression levels across 
HDCP severity groups, we explore the molecu-

lar interplay underlying disease progression 
and assess the utility of these markers for early 
risk stratification, organ damage evaluation, 
and outcome prediction. These findings pro- 
vide new insight into the pathophysiological 
interaction of HDCP and offer a foundation for 
individualized monitoring and targeted therapy 
to improve maternal and fetal outcomes. The 
research flowchart is shown in Figure 1.

Patients and methods

Patient selection

A total of 138 patients diagnosed with HDCP 
admitted to Northwest Women’s and Children’s 
Hospital between April 2020 and April 2023 
were included in this retrospective study. 
Ethical approval was obtained from the ethics 
committee of Northwest Women’s and Chil- 
dren’s Hospital. Based on disease severity, 

Figure 1. Research 
flowchart.
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patients were categorized into three subgr- 
oups: 31 with severe preeclampsia (SPE), 45 
with preeclampsia (PE), and 62 with gestation-
al hypertension (GH). An additional 50 healthy 
pregnant women admitted during the same 
period served as the control group. 

Diagnostic criteria were as follows [11]: GH 
group: Hypertension onset after 20 weeks of 
gestation (systolic blood pressure (SBP) ≥140 
mmHg and/or diastolic blood pressure (DBP) 
≥90 mmHg), resolving within 12 weeks post-
partum. PE group: Hypertension as above, ac- 
companied by mild edema and proteinuria >0.3 
g/24 h. SPE group: SBP ≥160 mmHg and/or 
DBP ≥110 mmHg, with ≥5 g/24 h proteinuria, 
thrombocytopenia (platelets <100×109/L), ele-
vated liver enzymes (>2× normal), renal dys-
function (serum creatinine >1.1 mg/dL), persis-
tent upper abdominal pain, pulmonary edema, 
or central nervous system involvement.

Inclusion criteria: (1) Diagnosis met the 2015 
Guidelines for the Diagnosis and Treatment  
of Hypertensive Disorders in Pregnancy [12]; 
(2) Age ≥ 18 years; (3) Singleton pregnancy;  
(4) Natural conception; (5) Gestational age 
between 36 and 40 weeks; (6) Complete clini-
cal data.

Exclusion criteria: (1) Liver or kidney dysfunc-
tion; (2) immunodeficiency; (3) fetal chromo-
somal abnormalities (e.g., trisomy 21/18/13); 
(4) chronic hypertension; (5) endocrine/meta-
bolic disorders, reproductive system diseases, 
or systemic infections; (6) pregnancy complica-
tions (e.g., gestational diabetes, hyperthyroid-
ism); (7) use of specific medications.

Sample collection

On the morning after admission, 5 mL of fast- 
ing venous blood was collected from each sub-
ject, divided into two anticoagulated tubes  
for plasma and serum separation. D-D levels 
were measured using an automated coagula-
tion analyzer (Sysmex, Japan), with assay kits 
from Beijing Zhongsuijinqiao Biotech Co., Ltd. 
Serum PAF and sVEGFR-1 levels were mea-
sured using ELISA kits from the same supplier. 
Data were recorded including age, pre-preg-
nancy body weight, gestational weeks, parity, 
triglycerides (TG), total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), hemo-

globin, serum creatinine, albumin, systolic bl- 
ood pressure, diastolic blood pressure, and 
24-hour proteinuria (24h PRO).

Data extraction

The study extracted data from the hospital’s 
medical records, including age, pre-pregnancy 
body mass index (BMI), gestational age, dura-
tion of gestation, and systolic/diastolic blood 
pressure.

Outcome measures

Patients were classified into poor prognosis 
(n=65) and good prognosis (n=73) groups 
based on amniotic fluid contamination (grade 
III) and neonatal Apgar score <7 [13].

Statistical analysis

The sample size was calculated based on a 
case-control study design using G*Power 3.1 
software for an independent-samples t-test. 
Parameters were set for a two-tailed test with  
α = 0.05 and power (1-β) = 0.80. Based on pre-
vious studies on hypertensive disorders in pre- 
gnancy, a medium effect size (Cohen’s d = 0.5) 
was assumed for the intergroup difference in 
D-D levels [13]. The estimated minimum sam-
ple size was 128 participants. Considering the 
actual conditions of the hospital, a total of 188 
subjects were ultimately enrolled.

Statistical analysis was performed using SPSS 
version 27.0. Continuous variables were tested 
for normality and expressed as mean ± stan-
dard deviation. For comparisons among three 
or more groups, one-way analysis of variance 
(ANOVA) was used, and the LSD-t post hoc  
test was adopted. For comparisons between 
two groups, independent-samples t-tests were 
applied. Categorical variables were expressed 
as frequencies and percentages; comparisons 
among multiple groups were conducted using 
the chi-square (χ²) test or Fisher’s exact test  
as appropriate. A two-sided P-value <0.05 was 
considered significant.

Results

Comparison of clinical data

No statistically significant differences were ob- 
served in age, pre-pregnancy BMI, gestational 
age, or parity among the groups (all P>0.05). 
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However, significant differences were found in 
both SBP and DBP (both P<0.05), as shown in 
Table 1.

Comparison of D-D, PAF and VEGFR-1 levels

D-D, PAF and VEGFR-1 levels in the GH, PE,  
and SPE groups were significantly higher than 
those of the control group (all P<0.05). Am- 
ong the three HDCP subgroups, D-D, PAF and 
VEGFR-1 levels were higher in the PE and SPE 
groups compared to the GH group (all P<0.05), 
with the highest levels observed in the SPE 
group (all P<0.05). See Figure 2.

ROC curve analysis of biomarkers in assessing 
disease severity

ROC curve analysis revealed that the areas 
under the curve (AUCs) for D-D, PAF, and sVEG-
FR-1 in evaluating disease severity were 0.893, 
0.889, and 0.825, respectively. When com-
bined, the AUC increased to 0.944, indicating 
excellent diagnostic performance (Figure 3A; 
Table 2).

ROC curve analysis for prognostic prediction

The predictive value of D-D, PAF, and sVEGFR-1 
levels for HDCP prognosis was evaluated by 
ROC analysis. The AUCs were 0.701, 0.767, and 
0.703, respectively, while the combined model 
achieved an AUC of 0.883, indicating superior 
predictive power (Figure 3B; Table 3).

Comparison of prognostic indicators in HDCP 
patients

We compared indicators between the good  
and poor prognosis groups among HDCP pa- 
tients. There were no significant differences in 
age, pre-pregnancy BMI, gestational age, deliv-
ery time, TG, TC, HDL-C, LDL-C, hemoglobin, 
serum creatinine, or albumin (all P>0.05). 
However, DBP, 24h PRO, D-D, PAF, and sVEG-
FR-1 levels differed significantly between the 
two groups (all P<0.05), as detailed in Table 4.

Multivariate logistic regression analysis

Multivariate logistic regression identified 24h 
PRO, PAF, sVEGFR-1, D-D, SBP, and DBP as 

Table 1. Comparison of clinical data between groups (
_
x±s)

Clinical data Control Group 
(n = 50)

GH Group  
(n = 62)

PE Group  
(n = 45)

SPE Group  
(n = 31) F P

Age (years old, 
_
x±s) 30.24±3.15 29.64±3.74 30.51±2.98 30.10±3.97 0.602 0.603

Prepregnancy body weight (kg, 
_
x±s) 58.06±7.04 59.09±6.97 58.30±7.42 59.62±8.93 0.377 0.770

Gestational weeks (weeks, 
_
x±s) 38.78±2.01 38.41±2.71 38.36±2.94 38.01±2.16 1.308 0.273

Number of births
    Primigravida 36 40 26 21 2.215 0.529
    Multipara 14 22 19 10
Systolic pressure (mmHg, 

_
x±s) 116.31±12.06 149.36±12.10 157.30±12.91 164.50±16.40 119.088 <0.001

Diastolic pressure (mmHg, 
_
x±s) 75.60±7.99 93.06±6.49 101.64±8.33 106.10±7.35 140.611 <0.001

Figure 2. Comparison of plasma D-D, PAF, and sVEGFR-1 levels Note: A: D-D; B: PAF; C: sVEGFR-1. Compared to con-
trol group, *P<0.05; compared to GH group, #P<0.05; compared to PE group, ∆P<0.05. D-D: D-dimer; PAF: platelet-
activating factor; sVEGFR-1: soluble vascular endothelial growth factor receptor 1.
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Table 2. ROC curve parameters of the evaluation value of D-D, PAF, and sVEGFR-1 levels on the sever-
ity of HDCP
Index AUC Truncation value Sensitivity Specificity P 95% CI
D-D 0.893 265.33 g/L 93.50 72.00 <0.001 0.835~0.950
PAF 0.889 18.55 μg/L 83.90 85.00 <0.001 0.824~0.954
sVEGFR-1 0.825 5542.465 ng/L 74.20 83.20 <0.001 0.736~0.914
Combine 0.944 - 80.60 97.20 <0.001 0.903~0.985
Note: D-D: D-dimer; PAF: platelet-activating factor; sVEGFR-1: soluble vascular endothelial growth factor receptor 1. 

Table 3. ROC curve parameters of D-D, PAF, and sVEGFR-1 levels for predicting the prognosis of HDCP 
gravidas
Indicator AUROC Cut-off Sensitivity Specificity P 95% CI
D-D 0.701 264.845 81.50 48.60 <0.001 0.615~0.787
PAF 0.767 16.01 83.10 58.30 <0.001 0.689~0.846
sVEGFR-1 0.703 4909.975 81.50 50.00 <0.001 0.617~0.789
Combination of above indicators 0.883 - 72.30 96.10 <0.001 0.829~0.937
Note: D-D: D-dimer; PAF: platelet-activating factor; sVEGFR-1: soluble vascular endothelial growth factor receptor 1.

Figure 3. ROC curve. Note: A: ROC curveanalysis of the evaluation value of D-D, PAF, and sVEGFR-1 levels on the 
severity of HDCP; B: ROC curve analysis of the predictive value of D-D, PAF and sVEGFR-1 levels in HDCP gravidas. 
D-D: D-dimer; PAF: platelet-activating factor; sVEGFR-1: soluble vascular endothelial growth factor receptor 1. 

independent predictors of poor prognosis in 
HDCP (all P<0.05), as presented in Table 5.

Nomogram model construction

Based on the multivariate regression results, a 
nomogram model was constructed to predict 
HDCP prognosis, as shown in Figure 4.

Discussion

HDCP is a set of serious conditions that pose 
significant threats to maternal and fetal health. 
Due to the unclear pathogenesis, effective pre-
ventive and therapeutic strategies remain lack-
ing [13]. Mild cases may present with edema, 

hypertension, proteinuria, blurred vision, and 
headache, while severe cases can cause dys-
function of vital organs such as the heart, liver, 
and kidneys. Increasing evidence suggests th- 
at platelet activation plays a pivotal role in the 
onset and progression of HDCP [14, 15]. 

Pathologically, systemic smallartery spasms 
induce vascular endothelial injury and disturb 
the balance between coagulation and fibrinoly-
sis systems, leading to a hypercoagulable state. 
This contributes to abnormal changes in coa- 
gulation-related biomarkers and increases the 
risk of thrombosis, thereby endangering both 
maternal and neonatal outcomes [16-18].
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Table 5. Multifactorial logistic regression analysis affecting prognosis of those with HDCP
Factor b S.E X2 P OR 95% CI for OR
24h PRO 1.773 0.516 11.806 0.001 5.888 2.142 16.189 
PAF 1.642 0.567 8.386 0.004 5.165 1.700 15.695 
sVEGFR-1 1.492 0.612 5.943 0.015 4.446 1.340 14.754 
D-D 1.487 0.634 5.501 0.019 4.424 1.277 15.327 
Diastolic blood pressure 1.198 0.754 2.524 0.112 3.313 0.756 14.525
Note: 24h PRO: 24-Hour Urinary Protein; D-D: D-dimer; PAF: platelet-activating factor; sVEGFR-1: soluble vascular endothelial 
growth factor receptor 1.

Table 4. Comparison of indicators with different prognoses of HDCP

Indicator Good prognosis  
group (n = 73)

Poor prognosis  
group (n = 65) t/X2 P

Age (years, 
_
x±s) 29.82±3.55 30.25±3.59 0.701 0.481

Pre-pregnancy body mass (kg, 
_
x±s) 58.04±8.14 59.98±6.75 1.510 0.133

Gestational weeks (weeks, 
_
x±s) 38.24±2.80 37.90±2.64 0.725 0.470

Number of births
    Primigravida 45 42 0.130 0.718
    Multipara 28 23
Systolic blood pressure (mmHg, 

_
x±s) 154.23±15.12 156.61±14.04 0.952 0.343

Diastolic blood pressure (mmHg, 
_
x±s) 97.27±8.74 100.48±9.23 2.095 0.038

TG (mmol/L, 
_
x±s) 1.58±0.43 1.63±0.39 0.712 0.478

TC (mmol/L, 
_
x±s) 4.41±1.22 4.60±1.27 0.896 0.372

HDL-C (mmol/L, 
_
x±s) 1.05±0.26 1.09±0.29 0.854 0.394

LDL-C (mmol/L, 
_
x±s) 3.26±0.78 3.39±0.81 0.960 0.339

Hemoglobin (g/L, 
_
x±s) 117.34±25.62 120.31±27.40 0.658 0.512

Serum creatinine (μmol/L, 
_
x±s) 59.32±14.29 60.12±15.03 0.320 0.749

Albumin (g/L, 
_
x±s) 37.95±7.34 38.47±6.93 0.427 0.670

24h PRO (g/24 h, 
_
x±s) 0.97±0.21 1.21±0.31 5.374 <0.001

D-D (g/L) 241.06±53.33 285.28±57.74 4.676 <0.001
PAF (µg/L) 15.33±3.48 19.13±3.92 6.024 <0.001
sVEGFR-1 (ng/L) 4726.16±1086.95 5153.98±1131.94 2.263 0.025
Note: TG: Triglyceride; TC: Total Cholesterol; HDL-C: High-Density Lipoprotein Cholesterol; LDL-C: Low-Density Lipoprotein Cho-
lesterol; 24h PRO: 24-Hour Urinary Protein; D-D: D-dimer; PAF: platelet-activating factor; sVEGFR-1: soluble vascular endothelial 
growth factor receptor 1.

D-D, a specific marker of secondary fib- 
rinolysis, reflects both hypercoagulability, and 
hyperfibrinolysis. Its elevated levels are strong-
ly associated with the coagulation status in 
HDCP patients [19, 20]. In this study, plasma 
D-D levels were significantly higher in the GH, 
PE, and SPE groups than in the control group 
and increased progressively with disease se- 
verity. These findings are consistent with prior 
studies [21, 22], supporting the notion that  
D-D is a sensitive marker for hemocoagula- 
tion abnormalities and thrombotic tendency in 
HDCP.

PAF, produced by vascular endothelial cells, is  
a potent platelet aggregator and inflammatory 
mediator. It is involved in the pathogenesis of 
thrombosis and vascular inflammation and may 
affect cardiac function [23-25]. PAF is also 
linked to endothelial damage and blood pres-
sure regulation. It has thus been hypothesized 
to contribute to the development and progres-
sion of HDCP [25-28]. Our results showed sig-
nificantly elevated PAF levels across all HDCP 
subgroups, with higher levels corresponding to 
greater disease severity, indicating its involve-
ment in the prothrombotic state of HDCP.
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Figure 4. Construction of nomogram model. Note: D-D: D-dimer; PAF: plate-
let-activating factor; sVEGFR-1: soluble vascular endothelial growth factor 
receptor 1.

The placenta produces several angiogenic fa- 
ctors, including VEGF and placental growth fac-
tor. Vascular endothelial injury and impaired 
trophoblast function can hinder normal vas- 
cular remodeling, resulting in narrowed small 
arteries, reduced placental perfusion, and 
hypoxia within the chorionic villi [29-31]. This 
hypoxic environment stimulates VEGF-related 
pathways and promotes sVEGFR-1 overexpres-
sion [32, 33]. 

Our findings revealed progressively increased 
sVEGFR-1 levels from GH to SPE, supporting its 
association with disease progression and pla-
cental dysfunction.

Additionally, this study explored the prognostic 
implications of these biomarkers. Univariate 
and multivariate logistic regression analyses 
identified elevated levels of D-D, PAF, and  
sVEGFR-1 as independent predictors of poor 
prognosis. ROC curve analysis further con-
firmed that the combined use of these three 
markers yields high predictive value for HDCP 
prognosis.

However, because this was a single-center  
retrospective analysis including small sample 
size, the research results may have biases. In 
future studies, we will further expand the sam-
ple size and adopt a multi-center prospective 
study analysis to obtain more reliable research 
data.

In summary, levels of D-D, 
PAF, and sVEGFR-1 are sig- 
nificantly elevated in HDCP 
and are closely associated 
with disease severity and 
prognosis. These biomarkers 
may serve as valuable tools 
for risk stratification, moni- 
toring, and clinical decision-
making in patients with hy- 
pertensive disorders complic-
aitng pregnancy.

Disclosure of conflict of inter-
est

None.

Address correspondence to: Xin 
Xu, Department of Obstetrics, 
Northwest Women’s and Chil- 
dren’s Hospital, No. 1616 Yan- 

xiang Road, Xi’an 710061, Shaanxi, China. Tel: +86-
15398009140; E-mail: xuxin106512@163.com

References

[1]	 Zanini MJ, Domínguez C, Fernández-Oliva T, 
Sánchez O, Toda MT, Foraster M, Dadvand P 
and Llurba E. Urban-related environmental ex-
posures during pregnancy and placental devel-
opment and preeclampsia: a review. Curr Hy-
pertens Rep 2020; 22: 81. 

[2]	 Chen B, Zhang M, He Y, Si Y, Shi Y, Jiang K, 
Shen J, Hong J and Ni S. The association  
between caffeine exposure during pregnan- 
cy and risk of gestational hypertension/pre-
eclampsia: a meta-analysis and systemati- 
cal review. J Obstet Gynaecol Res 2022; 48: 
3045-3055. 

[3]	 Ives CW, Sinkey R, Rajapreyar I, Tita ATN and 
Oparil S. Preeclampsia-pathophysiology and 
clinical presentations: JACC state-of-the-art re-
view. J Am Coll Cardiol 2020; 76: 1690-1702. 

[4]	 Yang C, Baker PN, Granger JP, Davidge ST and 
Tong C. Long-term impacts of preeclampsia on 
the cardiovascular system of mother and off-
spring. Hypertension 2023; 80: 1821-1833. 

[5]	 Huai J, Lin L, Juan J, Chen J, Li B, Zhu Y, Yu M 
and Yang H. Preventive effect of aspirin on pre-
eclampsia in high-risk pregnant women with 
stage 1 hypertension. J Clin Hypertens (Green-
wich) 2021; 23: 1060-1067. 

[6]	 Gerasimova EM, Fedotov SA, Kachkin DV, 
Vashukova ES, Glotov AS, Chernoff YO and Ru-
bel AA. Protein misfolding during pregnancy: 
new approaches to preeclampsia diagnostics. 
Int J Mol Sci 2019; 20: 6183.

mailto:xuxin106512@163.com


Hypertensive condition and prognosis during pregnancy

5043	 Am J Transl Res 2025;17(7):5036-5044

[7]	 Wen B, Liao H, Lin W, Li Z, Ma X, Xu Q and Yu F. 
The role of tgf-beta during pregnancy and preg-
nancy complications. Int J Mol Sci 2023; 24: 
16882. 

[8]	 Le QA, Akhter R, Coulton KM, Vo NTN, Duong 
LTY, Nong HV, Yaacoub A, Condous G, Eber-
hard J and Nanan R. Periodontitis and pre-
eclampsia in pregnancy: a systematic review 
and meta-analysis. Matern Child Health J 
2022; 26: 2419-2443. 

[9]	 Miller EC, Wilczek A, Bello NA, Tom S, Wapner 
R and Suh Y. Pregnancy, preeclampsia and 
maternal aging: from epidemiology to func- 
tional genomics. Ageing Res Rev 2022; 73: 
101535. 

[10]	 Ghesquiere L, Guerby P, Marchant I, Kumar N, 
Zare M, Foisy MA, Roberge S and Bujold E. 
Comparing aspirin 75 to 81 mg vs 150 to 162 
mg for prevention of preterm preeclampsia: 
systematic review and meta-analysis. Am J Ob-
stet Gynecol MFM 2023; 5: 101000. 

[11]	 Chinese Medical Association Obstetrics and 
Gynecology Branch Hypertension in Pregnancy 
Disease Subcommittee. Guidelines for the di-
agnosis and treatment of preeclampsia in 
pregnancy (2015). Chinese Journal of Obstet-
rics and Gynecology 2015; 50: 721-728. 

[12]	 Rybak-Krzyszkowska M, Staniczek J, Kondrac-
ka A, Bogusławska J, Kwiatkowski S, Góra T, 
Strus M and Górczewski W. From biomarkers 
to the molecular mechanism of preeclampsia-
a comprehensive literature review. Int J Mol Sci 
2023; 24: 13252. 

[13]	 D’Antonio F, Khalil A, Rizzo G, Fichera A, Her-
rera M, Buca D, Morelli R, Cerra C, Orabona R, 
Acuti Martellucci C, Flacco ME and Prefumo F. 
Aspirin for prevention of preeclampsia and  
adverse perinatal outcome in twin pregnan-
cies: a systematic review and meta-analysis. 
Am J Obstet Gynecol MFM 2023; 5: 100803.

[14]	 Menichini D, Feliciello L, Neri I and Facchinetti 
F. L-Arginine supplementation in pregnancy: a 
systematic review of maternal and fetal out-
comes. J Matern Fetal Neonatal Med 2023; 
36: 2217465. 

[15]	 Antza C, Stabouli S and Kotsis V. Practical 
guide for the management of hypertensive dis-
orders during pregnancy. J Hypertens 2022; 
40: 1257-1264. 

[16]	 Turbeville HR and Sasser JM. Preeclampsia be-
yond pregnancy: long-term consequences for 
mother and child. Am J Physiol Renal Physiol 
2020; 318: F1315-F1326. 

[17]	 Barr LC, Liblik K, Johri AM and Smith GN. Ma-
ternal cardiovascular function following a preg-
nancy complicated by preeclampsia. Am J Peri-
natol 2022; 39: 1055-1064. 

[18]	 Tucker KL, Mort S, Yu LM, Campbell H, Rivero-
Arias O, Wilson HM, Allen J, Band R, Chisholm 
A, Crawford C, Dougall G, Engonidou L, Frans-
sen M, Green M, Greenfield S, Hinton L, Hodg-
kinson J, Lavallee L, Leeson P, McCourt C, 
Mackillop L, Sandall J, Santos M, Tarassenko 
L, Velardo C, Yardley L, Chappell LC and McMa-
nus RJ; BUMP Investigators. Effect of self-mon-
itoring of blood pressure on diagnosis of hy- 
pertension during higher-risk pregnancy: the 
BUMP 1 randomized clinical trial. JAMA 2022; 
327: 1656-1665. 

[19]	 Redman CWG, Staff AC and Roberts JM. Syncy-
tiotrophoblast stress in preeclampsia: the con-
vergence point for multiple pathways. Am J 
Obstet Gynecol 2022; 226: S907-S927. 

[20]	 Choi YJ and Shin S. Aspirin prophylaxis during 
pregnancy: a systematic review and meta-anal-
ysis. Am J Prev Med 2021; 61: e31-e45. 

[21]	 Al Khalaf S, Bodunde E, Maher GM, O’Reilly ÉJ, 
McCarthy FP, O’Shaughnessy MM, O’Neill SM 
and Khashan AS. Chronic kidney disease and 
adverse pregnancy outcomes: a systematic re-
view and meta-analysis. Am J Obstet Gynecol 
2022; 226: 656-670.

[22]	 Sakowicz A, Bralewska M, Rybak-Krzyszkows-
ka M, Grzesiak M and Pietrucha T. New ideas 
for the prevention and treatment of preeclamp-
sia and their molecular inspirations. Int J Mol 
Sci 2023; 24: 12100. 

[23]	 Sinkey RG, Battarbee AN, Bello NA, Ives CW, 
Oparil S and Tita ATN. Prevention, diagnosis, 
and management of hypertensive disorders of 
pregnancy: a comparison of international 
guidelines. Curr Hypertens Rep 2020; 22: 66. 

[24]	 Lin L, Huai J, Li B, Zhu Y, Juan J, Zhang M, Cui 
S, Zhao X, Ma Y, Zhao Y, Mi Y, Ding H, Chen D, 
Zhang W, Qi H, Li X, Li G, Chen J, Zhang H, Yu 
M, Sun X and Yang H. A randomized controlled 
trial of low-dose aspirin for the prevention of 
preeclampsia in women at high risk in China. 
Am J Obstet Gynecol 2022; 226: 251, e1-251.

[25]	 Qu H and Khalil RA. Vascular mechanisms and 
molecular targets in hypertensive pregnancy 
and preeclampsia. Am J Physiol Heart Circ 
Physiol 2020; 319: H661-H681. 

[26]	 Richards EMF, Giorgione V, Stevens O and Thil-
aganathan B. Low-dose aspirin for the preven-
tion of superimposed preeclampsia in women 
with chronic hypertension: a systematic review 
and meta-analysis. Am J Obstet Gynecol 2023; 
228: 395-408. 

[27]	 Hauspurg A and Jeyabalan A. Postpartum pre-
eclampsia or eclampsia: defining its place and 
management among the hypertensive disor-
ders of pregnancy. Am J Obstet Gynecol 2022; 
226: S1211-S1221. 

[28]	 Döbert M, Varouxaki AN, Mu AC, Syngelaki A, 
Ciobanu A, Akolekar R, De Paco Matallana C, 



Hypertensive condition and prognosis during pregnancy

5044	 Am J Transl Res 2025;17(7):5036-5044

Cicero S, Greco E, Singh M, Janga D, Del Mar 
Gil M, Jani JC, Bartha JL, Maclagan K, Wright D 
and Nicolaides KH. Pravastatin versus placebo 
in pregnancies at high risk of term preeclamp-
sia. Circulation 2021; 144: 670-679. 

[29]	 McDougall A, Nguyen R, Nguyen PY, Allen C, 
Cheang S, Makama M, Mills K, Hastie R, Am-
merdorffer A, Gulmezoglu AM and Vogel JP. 
The effects of probiotics administration during 
pregnancy on preeclampsia and associated 
maternal, fetal, and newborn outcomes: a sys-
tematic review and meta-analysis. Am J Obstet 
Gynecol MFM 2024; 6: 101322.

[30]	 Fishel Bartal M, Lindheimer MD and Sibai BM. 
Proteinuria during pregnancy: definition, pa- 
thophysiology, methodology, and clinical sig-
nificance. Am J Obstet Gynecol 2022; 226: 
S819-S834. 

[31]	 Liu YH, Zhang YS, Chen JY, Wang ZJ, Liu YX, Li 
JQ, Xu XJ, Xie NJ, Lye S, Tan N, Duan CY, Wei YX 
and He PC. Comparative effectiveness of pro-
phylactic strategies for preeclampsia: a net-
work meta-analysis of randomized controlled 
trials. Am J Obstet Gynecol 2023; 228: 535-
546.

[32]	 Poniedziałek-Czajkowska E, Mierzyński R and 
Leszczyńska-Gorzelak B. Preeclampsia and 
obesity-the preventive role of exercise. Int J En-
viron Res Public Health 2023; 20: 1267. 

[33]	 Stepan H, Galindo A, Hund M, Schlembach D, 
Sillman J, Surbek D and Vatish M. Clinical util-
ity of sFlt-1 and PlGF in screening, prediction, 
diagnosis and monitoring of pre-eclampsia 
and fetal growth restriction. Ultrasound Obstet 
Gynecol 2023; 61: 168-180. 


