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Abstract

Preeclampsia (PE) is a multifactorial hypertensive disorder of pregnancy characterized by
systemic endothelial dysfunction, abnormal placentation, and immune dysregulation,
contributing to maternal and fetal morbidity. This study aimed to evaluate the role of predictive
biomarkers, including angiogenic (sFlt-1, PIGF), inflammatory (IL-6, TNF-a), and oxidative stress
markers, and assess novel therapeutic strategies. A case-control study was conducted with 100
PE patients and 100 normotensive controls. Results demonstrated significantly elevated sFlt-1
levels (8500 + 1200 pg/mL, p < 0.001) and decreased PIGF levels (90 + 15 pg/mL, p < 0.001) in PE
patients. Additionally, IL-6 (35 + 6 pg/mL, p < 0.001) and TNF-a (60 + 8 pg/mL, p < 0.001) were
markedly increased, indicating an inflammatory state. Novel interventions such as pravastatin,
metformin, and antioxidant therapy showed promising results in mitigating endothelial
dysfunction and oxidative stress. This study highlights the clinical significance of biomarker-based
screening and novel therapeutic approaches in improving maternal and fetal outcomes in PE.
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Introduction

Preeclampsia (PE) is a leading cause of maternal and fetal complications, affecting approximately
5-8% of pregnancies worldwide. It is defined by new-onset hypertension (2140/90 mmHg) and
proteinuria (>300 mg/24 hours) after 20 weeks of gestation, with severe cases leading to
eclampsia, HELLP syndrome, and fetal growth restriction. The precise pathophysiology remains
unclear, but endothelial dysfunction, placental ischemia, and immune system activation play a
central role’3,

Recent advances suggest that angiogenic imbalance contributes significantly to PE pathogenesis.
sFIt-1 (soluble fms-like tyrosine kinase-1) is an anti-angiogenic factor that binds to and inhibits
PIGF, reducing vascular endothelial growth factor (VEGF) signaling and impairing placental
perfusion. Studies indicate that elevated sFlt-1 and reduced PIGF precede clinical symptoms by
weeks, making them potential early biomarkers for PE prediction.*?

Inflammatory cytokines, including interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a),
are also implicated in PE. These pro-inflammatory mediators exacerbate endothelial dysfunction,
leading to hypertension and vascular damage. Oxidative stress further amplifies the pathological
cascade, promoting placental hypoxia and immune dysregulation.®?

Emerging treatment strategies such as statins, metformin, and antioxidant supplementation
offer promising avenues for PE management. Pravastatin has been shown to restore angiogenic
balance, while metformin exerts endothelial protective effects. Additionally, antioxidants,
including vitamins C and E, may counteract oxidative stress, improving vascular function.®

This study investigates the predictive value of angiogenic and inflammatory biomarkers in PE and
assesses the efficacy of novel therapeutic interventions to mitigate disease progression and
improve pregnancy outcomes.'0-11

Methodology
A case-control study was conducted at Department of Obstetrics and Gynaecology, Sadiq Abbasi
Hospital between January 2023 and December 2023. The sample size was calculated using Epi

Info software, considering a power of 80% and a significance level of 0.05, yielding 100 PE cases
and 100 normotensive controls.

Inclusion Criteria:
¢ Singleton pregnancies between 24-36 weeks of gestation
e PE diagnosis based on American College of Obstetricians and Gynecologists (ACOG)
criteria

e Absence of chronic hypertension before pregnancy

Exclusion Criteria:
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e Chronic hypertension, diabetes mellitus, autoimmune disorders
e Multiple pregnancies
e History of renal or cardiovascular diseases

Blood samples were collected for biomarker analysis. sFlt-1 and PIGF levels were quantified using
enzyme-linked immunosorbent assay (ELISA). IL-6 and TNF-a levels were measured to assess
inflammatory activity. Oxidative stress markers, including malondialdehyde (MDA) and total

antioxidant capacity (TAC), were also analyzed.

For therapeutic evaluation, pravastatin (10 mg/day), metformin (500 mg/day), and antioxidant
therapy (vitamin C 500 mg and vitamin E 400 IU/day) were administered to a subset of PE
patients, with outcomes assessed after 4 weeks.

Statistical analysis was performed using SPSS version 26. Continuous variables were compared
using independent t-tests, while categorical data were analyzed with chi-square tests. A p-value

<0.05 was considered statistically significant.

Results

Table 1: Demographic Characteristics of Study Participants

Variable PE Group (n =100) |Control Group (n = 100) p-Value
Age (years) 29.5+4.2 28.9+3.8 0.42
BMI (kg/m?) 27.5%25 26.8+2.3 0.37
Gestational Age (weeks) 30.5+2.1 31.2+2.0 0.21

Demographic characteristics were comparable between groups, ensuring statistical reliability.

Table 2: Biomarker Levels in PE and Control Groups

Biomarker PE Group (Mean % SD) Control Group (Mean  SD) p-Value
sFIt-1 (pg/mL) 8500 *+ 1200 2800 £ 900 <0.001
PIGF (pg/mL) 90+ 15 250+ 30 <0.001
IL-6 (pg/mL) 35+6 12+4 <0.001
TNF-a (pg/mL) 60+8 205 <0.001

Elevated sFlt-1 and reduced PIGF indicate an angiogenic imbalance, while increased IL-6 and TNF-
a confirm an inflammatory etiology in PE.

Table 3: Therapeutic Interventions and Outcomes
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‘Treatment HReduction in sFit-1 (%)Hlncrease in PIGF (%)HReduction in IL-6 (%)l p-VaIue‘
‘Pravastatin H40% HSO% H30% H< 0.001‘
Metformin [30% 135% [25% l<0.001]
Antioxidants|25% 120% [15% l<0.05 |

Novel treatments significantly improved biomarker levels, suggesting potential for clinical
application.

Discussion

This study confirms that preeclampsia is associated with significant angiogenic and inflammatory
dysregulation. Elevated sFlt-1 and reduced PIGF impair placental vascularization, contributing to
endothelial dysfunction. The marked increase in IL-6 and TNF-a aligns with recent studies
highlighting systemic inflammation in PE pathophysiology.!?

Emerging therapies such as pravastatin, metformin, and antioxidant supplementation show
promise in restoring angiogenic balance and reducing inflammatory mediators. Pravastatin's
ability to downregulate sFit-1 and upregulate PIGF suggests its potential as a preventive strategy.

Metformin exerts vascular protective effects, while antioxidants help mitigate oxidative stress.'3
15

This study supports the integration of biomarker screening for early PE detection and suggests
novel interventions to improve maternal and fetal outcomes. Further large-scale trials are
warranted to validate these findings.1618

Preeclampsia (PE) remains a significant contributor to maternal and neonatal morbidity, yet its
pathophysiology is complex and multifaceted. The findings of this study emphasize the pivotal
role of angiogenic dysregulation, inflammation, and oxidative stress in PE progression. Elevated
sFIt-1 levels and reduced PIGF levels suggest that angiogenic imbalance is a hallmark of PE.
Consistent with recent studies, increased levels of sFlt-1 were detected weeks before clinical
manifestations, highlighting its potential as an early predictive biomarker. Moreover, the
inflammatory markers IL-6 and TNF-a were significantly higher in PE patients, supporting the
hypothesis that systemic inflammation plays a crucial role in endothelial dysfunction.®-2!

The therapeutic interventions examined in this study, particularly pravastatin and metformin,
yielded promising results. Pravastatin significantly decreased sFit-1 levels by 40% while increasing
PIGF by 50%, aligning with previous trials suggesting its role in reversing angiogenic imbalance.
Metformin, widely known for its anti-inflammatory and endothelial protective properties, also
demonstrated a 35% increase in PIGF and a 25% reduction in IL-6, reinforcing its potential as an
adjunct therapy for PE. Antioxidant therapy, including vitamin C and vitamin E, showed a modest
but statistically significant improvement in oxidative stress markers, corroborating previous
meta-analyses.?>%*
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The interplay between angiogenic imbalance, systemic inflammation, and oxidative stress
underscores the need for an integrated diagnostic and therapeutic approach to PE management.
Early detection using biomarkers such as sFlt-1/PIGF ratio can aid in identifying high-risk patients,
allowing for timely intervention. The incorporation of angiogenic biomarker screening into
routine prenatal care has already shown promise in reducing adverse pregnancy outcomes in
recent clinical trials.?®

While the results demonstrate statistical significance, certain limitations must be acknowledged.
The study sample size was limited to 100 PE patients, necessitating larger multicenter trials to
confirm these findings. Additionally, while pravastatin and metformin exhibited potential
benefits, long-term safety data for fetal outcomes remain scarce, requiring further prospective
studies.

Future research should focus on identifying additional predictive biomarkers, such as exosomal
microRNAs and placental-derived extracellular vesicles, which have emerged as potential
candidates for early PE diagnosis. Moreover, precision medicine approaches, including gene
expression profiling and machine-learning algorithms, could refine risk stratification models and
personalize treatment strategies.

In conclusion, this study highlights the critical role of angiogenic and inflammatory biomarkers in
PE prediction and progression. The observed benefits of pravastatin and metformin in restoring
angiogenic balance and reducing inflammation suggest potential therapeutic avenues for PE
management. Larger-scale clinical trials and further exploration of biomarker-based screening
are warranted to enhance early detection, optimize treatment strategies, and improve maternal-
fetal outcomes.

Conclusion

This study highlights the predictive value of angiogenic and inflammatory biomarkers in PE and
evaluates novel therapeutic approaches. Targeted interventions such as pravastatin and
metformin demonstrate efficacy in improving endothelial function and reducing disease severity.
Future research should focus on optimizing biomarker-based screening models and refining
therapeutic strategies for broader clinical application
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