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Abstract

Preeclampsia is a common complication during pregnancy that severely impacts both ma-
ternal and fetal health. In recent years, competing risk models have emerged as a novel
statistical method increasingly used to investigate the risk factors and prevention strategies
associated with preeclampsia. This review summarizes the current applications of com-
peting risk models in preeclampsia research, emphasizing their value in risk assessment,
preventive interventions, and clinical decision-making. Additionally, it highlights future
research directions that could further enhance the understanding and management of this
condition.
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1 Introduction

Preeclampsia is a pregnancy-specific hypertensive disorder characterized by new-onset hyper-
tension and proteinuria, typically occurring after the 20th week of gestation. It poses signif-
icant risks to both maternal and fetal health, including the potential for severe complications
such as eclampsia, placental abruption, and fetal growth restriction. The clinical importance of
preeclampsia cannot be overstated, as it affects approximately 2-8% of pregnancies globally, mak-
ing it a leading cause of maternal and perinatal morbidity and mortality[l]. Early identification
and management of at-risk women are crucial for improving outcomes, which has led to the
development of various risk assessment strategies.

Traditional methods for assessing the risk of preeclampsia have included clinical history, phys-
ical examination, and basic laboratory tests. However, these approaches often exhibit limitations
in sensitivity and specificity, leading to either false reassurance or unnecessary interventions!?.
For instance, relying solely on maternal demographics or previous pregnancy history may over-
look significant biomarkers that could indicate a higher risk of developing the condition. As such,
there is a pressing need for more robust and accurate risk prediction models that can effectively
stratify women based on their individual risk profiles.

In recent years, the concept of competing risk models has gained traction in the medical
research community. These models account for the presence of multiple potential outcomes
that can occur simultaneously, which is particularly relevant in the context of preeclampsia. By
incorporating competing risks, researchers can better understand the interplay between various
factors that influence the development of preeclampsia and other pregnancy complications. This
approach allows for a more nuanced analysis of risk factors and outcomes, ultimately leading
to improved clinical decision-making and patient management[3]. The rise of competing risk
models represents a significant advancement in the field of obstetrics and gynecology, offering
new insights into the complexities of pregnancy-related disorders.

2 Advancementsin Risk Assessment and Prevention of Preeclampsia: The

Role of Competing Risk Models and Future Research Directions

2.1 Basic Principles of Competing Risk Models

Competing risks refer to situations in survival analysis where an individual can experience one
of several different events, each of which precludes the occurrence of the other events. In clini-
cal research, this is particularly relevant in scenarios involving multiple causes of failure, such as
cancer studies where patients may die from cancer or from other causes, such as cardiovascular
disease or secondary malignancies. The presence of competing risks complicates the interpreta-
tion of survival data, as traditional survival analysis methods, which assume that censoring is the
only risk, can lead to biased estimates of survival probabilities. For instance, in a study investigat-
ing prognostic factors in patients with osteosarcoma, it was found that using a competing risks

approach provided a more accurate survival prediction compared to traditional methods that did
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not account for the competing nature of death from other causes!*l.

Understanding competing risks is essential for clinicians and researchers to make informed
decisions regarding treatment and to evaluate the effectiveness of interventions accurately. The
mathematical framework for competing risks is built on survival analysis principles but incor-
porates the presence of multiple potential failure events. The most common approach used is
the Fine-Gray model, which estimates the subdistribution hazard function for a particular type
of event while accounting for the presence of other competing events. This model allows re-
searchers to derive cumulative incidence functions, which represent the probability of a specific
event occurring in the presence of competing risks over time. For example, a study on hepatocel-
lular carcinoma risk in patients with HBV-related cirrhosis utilized a competing risk nomogram
to predict outcomes, demonstrating the practical application of these mathematical concepts in
clinical settings[S].

By applying these mathematical foundations, researchers can better understand the dynamics
of different risks and their implications for patient management. Competing risk models are an
extension of traditional survival analysis, which typically focuses on the time until the occurrence
of a single event. In contrast, competing risk models acknowledge that patients may experience
different events that can influence the probability of the primary event of interest. This relation-
ship is crucial in fields such as oncology, where patients often face multiple potential outcomes.

For instance, a study on the survival probability of patients with sickle cell anemia illustrated
how competing risks can provide a more nuanced understanding of patient outcomes compared to
conventional survival analysis techniquesm. By incorporating competing risks into survival anal-
ysis, researchers can derive more accurate survival estimates and better inform clinical decision-

making, ultimately improving patient care and outcomes.

2.2 Risk Factors for Preeclampsia

Genetic predisposition plays a significant role in the risk of developing preeclampsia. Studies
have indicated that women with a family history of preeclampsia are at a higher risk of experienc-
ing this condition themselves, suggesting a hereditary component to its etiology. Specific genetic
variants, particularly those associated with endothelial function and immune response, have been
implicated in the pathophysiology of preeclampsia. For instance, polymorphisms in genes re-
lated to angiogenesis and inflammation may influence a woman’s susceptibility to preeclampsia,
as these processes are crucial in the development of the placenta and regulation of blood pressure
during pregnancy. A cohort study highlighted that women with a history of preeclampsia in
previous pregnancies are more likely to experience recurrence, reinforcing the genetic aspect of
this condition”). Furthermore, twin studies have revealed that the heritability of preeclampsia is
substantial, indicating that genetic factors contribute significantly to the risk of developing this
pregnancy complication(*. Understanding the genetic underpinnings of preeclampsia could lead
to better screening and preventive strategies for at-risk populations.

Environmental factors also play a critical role in the development of preeclampsia. Various

studies have identified lifestyle and environmental exposures that may increase the risk of this
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condition. For instance, high levels of stress, poor nutrition, and exposure to pollutants have
been linked to adverse pregnancy outcomes, including preeclampsia. Research has shown that
women living in areas with high air pollution levels may have an increased risk of developing
preeclampsia, possibly due to the inflammatory responses triggered by environmental toxins!®,
Additionally, socio-economic factors, such as access to healthcare and education, can influence the
prevalence of preeclampsia, as disadvantaged populations may face higher risks due to inadequate
prenatal care and unhealthy living conditions!!”). Furthermore, dietary factors, including high
salt intake and low antioxidant consumption, have been associated with increased blood pressure
and vascular dysfunction, which are critical in the pathogenesis of preeclampsia. Addressing these
environmental influences is essential for reducing the incidence of preeclampsia among pregnant
women.

Pregnancy-related factors significantly impact the risk of developing preeclampsia. Mater-
nal age, parity, and the presence of multiple gestations are notable contributors. Advanced ma-
ternal age, particularly in women over 35, has been linked to a higher incidence of preeclampsia,
possibly due to age-related vascular changes and an increased likelihood of pre-existing health
conditions!'!). Additionally, first-time mothers (nulliparous women) are at a greater risk com-
pared to those who have had previous pregnancies, as the immune system’s adaptation to the
placenta may be less developed in first pregnancies!?l. The risk is further amplified in multiple
pregnancies, such as twins or triplets, due to the increased placental mass and associated hemo-
dynamic changes[g]. Other factors, such as pre-existing hypertension, obesity, and diabetes, are
also significant risk factors for preeclampsia, highlighting the multifactorial nature of this con-
dition. Understanding these pregnancy-related factors can aid healthcare providers in identify-
ing high-risk patients and implementing early interventions to mitigate the risks associated with

preeclampsia.

2.3 Application of Competing Risk Models in Preeclampsia Risk Assessment

Competing risk models have emerged as a powerful tool in the evaluation of preeclampsia risk,
offering a nuanced approach that accounts for various outcomes that may occur concurrently.
These models typically involve the integration of diverse datasets encompassing maternal demo-
graphics, clinical history, and biochemical markers. Data collection often includes longitudinal
studies, where pregnant women are monitored for risk factors associated with preeclampsia, such
as obesity, hypertension, and family history of the condition. For instance, a study highlighted
the importance of early identification of risk factors through multi-marker models, significantly
enhancing prediction accuracy in high-risk populations, such as those with pregestational con-
ditions or a history of preeclampsia in previous pregnancies''(Figure 1).

Moreover, the feasibility of universal screening for preeclampsia risk has been investigated,
emphasizing the need for standardized protocols in data collection to ensure consistency and
reliability across studiest], By utilizing advanced statistical techniques, researchers can better
understand the interplay of various risk factors and their contribution to the onset of preeclampsia,

ultimately leading to improved clinical decision-making and patient outcomes.
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Figure 1: Flowchart of this prospective screening study. Legend: PE =Preeclampsia,
SGA = Small-for-gestational-age, AGA = Appropriate-for-gestational-age, n = number

Recent studies employing competing risk models have yielded significant insights into the
clinical management of preeclampsia. One critical finding is the identification of specific maternal
risk factors that can predict the likelihood of developing early-onset preeclampsia. For example, a
population-based cohort study demonstrated that certain pregestational factors, such as advanced
maternal age and pre-existing hypertension, substantially increase the risk of both preterm and
term preeclampsial’®l. The clinical significance of these findings underscores the necessity for

tailored monitoring and intervention strategies for at-risk populations.

Furthermore, the application of these models has facilitated the development of targeted pre-
ventive measures, such as recommending low-dose aspirin for women identified at high risk. This
intervention has been shown to reduce the incidence of preeclampsia[lé]. This proactive approach

not only enhances maternal and fetal outcomes but also optimizes healthcare resource allocation
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by focusing interventions on those who would benefit the most.

When comparing competing risk models to traditional risk assessment methods, several ad-
vantages become evident. Traditional approaches often rely on binary classifications of risk,
which can oversimplify the complex nature of preeclampsia and overlook the multifactorial as-
pects of its etiology. In contrast, competing risk models offer a more comprehensive framework
that accommodates multiple potential outcomes, providing a better understanding of the dynam-
ics at play during pregnancy. For instance, while traditional methods may focus solely on the
likelihood of developing preeclampsia, competing risk models can account for other pregnancy-
related complications, such as gestational diabetes or preterm birth, which may influence the
overall risk profilel'”].

This holistic perspective is crucial in clinical settings, where healthcare providers must navi-
gate various risk factors and outcomes to deliver optimal care. Additionally, the predictive accu-
racy of competing risk models has been shown to surpass that of traditional methods, enhancing

[18], Ultimately, the integration of

clinical decision-making and patient management strategies
these advanced modeling techniques represents a significant advancement in the field of obstetrics,

paving the way for more personalized and effective approaches to preeclampsia risk assessment.

2.4 Competing Risk Models in the Prevention of Preeclampsia

Risk stratification is a crucial component in the prevention of preeclampsia, enabling health-
care providers to identify high-risk patients and tailor interventions accordingly. Individualized
interventions based on risk assessment can significantly enhance the effectiveness of preventive
strategies. Recent studies have highlighted the importance of accurately identifying women at
risk for preeclampsia through various factors, including medical history, genetic predispositions,
and lifestyle choices.

For instance, the Gottesfeld-Hohler Memorial Foundation emphasizes the necessity of early
risk assessment for early-onset preeclampsia, advocating for a proactive approach that integrates
personal and familial risk factors into clinical practicel'”). Additionally, the implementation of
low-dose aspirin as a preventive measure has shown promise, particularly in women identified as
high-risk through stratification methods!?”). A network meta-analysis further supports the com-
parative effectiveness of various prophylactic strategies, underscoring the need for personalized
care plans that cater to the specific risk profiles of patients[zﬂ. This individualized approach not
only improves outcomes but also fosters better patient engagement and adherence to preventive
measures.

The effectiveness of preventive measures in managing preeclampsia is contingent upon their
proper implementation and adherence to guidelines. Evidence suggests that systematic applica-
tion of prophylactic strategies, such as the administration of low-dose aspirin and lifestyle mod-
ifications, can lead to a significant reduction in the incidence of preeclampsia among high-risk

[22],

populations Furthermore, studies focusing on self-care strategies before and during preg-

nancy have demonstrated that empowering women with knowledge and resources can enhance

23] )

the control of risk factors associated with preeclampsia[ The success of these interventions
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is often linked to the quality of risk factor screening and the education provided to expectant
mothers, which can lead to early detection and timely management of potential complications.
As healthcare systems continue to evolve, the integration of technology and telemedicine into
preventive care presents new avenues for improving access and adherence to preventive measures,
ultimately leading to better maternal and fetal outcomes. Optimizing clinical pathways for the
prevention of preeclampsia is essential for improving care delivery and patient outcomes.
Clinical pathways that are well-structured and evidence-based can facilitate the standard-
ization of care, ensuring that all patients receive timely and appropriate interventions based on
their risk profiles. Recent advancements in technology and data analytics have enabled healthcare
providers to refine these pathways, incorporating real-time data to adjust care plans as needed!!],
The use of clinical pathways not only streamlines the management of preeclampsia but also en-
hances interprofessional collaboration, allowing for a more cohesive approach to patient care.
Moreover, optimizing these pathways can lead to improved resource allocation and reduced
healthcare costs, as demonstrated by studies focusing on quality improvement initiatives in family

241 As the landscape of maternal healthcare continues to change,

medicine residency training
ongoing research and evaluation of clinical pathways will be critical in ensuring that they remain

effective and responsive to the needs of patients at risk for preeclampsia. ( Figure 2)

2.5 Future Research Directions

The advancement of medical research necessitates the continual improvement and innovation of
existing models. Current models used in clinical and preclinical research often have limitations
that hinder their applicability to real-world scenarios. For instance, the development of more so-
phisticated rodent models has been highlighted as a crucial step toward better mimicking human
pathophysiological conditions, such as myocardial ischemia and reperfusion injury, which could
lead to enhanced understanding and treatment of cardiovascular diseases!5], Additionally, inno-
vative outpatient models are being explored to improve patient care and streamline healthcare
delivery[%] .

The integration of digital technologies into these models is also essential, as it allows for real-
time data collection and analysis, thereby improving the accuracy and reliability of research out-

27 Future research should focus on refining these models to ensure they are representa-

comes
tive of diverse populations and can accommodate the complexities of multifactorial diseases. This
will require interdisciplinary collaboration and a commitment to adopting new technologies and
methodologies that can enhance the robustness of research findings!*].

The importance of multicenter studies in medical research cannot be overstated. These studies
provide a broader perspective by incorporating diverse patient populations and clinical practices,
which enhances the generalizability of research findings. For example, a multicenter study on
the efficacy of convalescent plasma transfusion for COVID-19 demonstrated significant varia-
tions in treatment outcomes across different centers, underscoring the necessity of multicentric
approaches to understanding complex diseases!*’].

Additionally, multicenter studies facilitate the pooling of resources and data, leading to more
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comprehensive analyses and stronger statistical power. The variation in treatment protocols and
patient demographics across centers can provide valuable insights into the effectiveness of various
interventionsl®®], As healthcare becomes increasingly globalized, future research should priori-
tize multicenter collaborations to address the heterogeneity of patient responses and treatment

efficacy, ultimately leading to more tailored and effective healthcare solutions®!,

The emergence of big data has transformed the landscape of medical research, offering un-
precedented opportunities for data sharing and analysis. The integration of large datasets can
significantly enhance our understanding of disease mechanisms and patient outcomes. For in-
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stance, utilizing shared big data has proven effective in identifying liver cancer dedifferentiation
markers, which could lead to more targeted therapies[32].

Moreover, the challenges of big data integration in life sciences highlight the need for ro-
bust data governance and standardized data models to facilitate effective data sharing[33]. As
researchers increasingly recognize the human aspect of big data, it is crucial to develop frame-
works that ensure ethical data-sharing practices while maximizing the potential benefits of these

[34]

vast datasets®*. Future research should focus on creating collaborative platforms that promote

data sharing among institutions, enabling researchers to leverage collective insights and drive

innovation in patient care and treatment strategies[35].

3 Conclusion

In conclusion, the development and application of competing risk models represent a significant
advancement in the risk assessment and prevention strategies for preeclampsia. These models
provide a nuanced perspective, allowing clinicians to consider not only the likelihood of develop-
ing preeclampsia but also the potential competing events that may influence the outcome. This
multifaceted approach is crucial in tailoring individual patient care and enhancing the scientific
basis of clinical decisions.

The integration of competing risk models into clinical practice has the potential to refine risk
stratification processes for expectant mothers, thereby improving the identification of those at
higher risk for adverse outcomes associated with preeclampsia. By acknowledging the complex-
ities inherent in patient management, these models facilitate more informed dialogues between
healthcare providers and patients, ultimately leading to better health outcomes.

However, it is essential to recognize the disparities in research methodologies and findings
related to competing risk models. A balanced interpretation of the literature is necessary, as vari-
ations in study design, population demographics, and statistical approaches can yield differing
results. Future research should focus on standardizing methodologies to enable clearer compar-
isons and validations of competing risk models across diverse populations.

Moreover, further exploration of the clinical applicability of these models within preeclamp-
sia research is needed. Efforts should be made to encourage collaboration between researchers
and clinicians to ensure that the insights gained from these models translate into actionable clin-
ical guidelines. By fostering an environment of interdisciplinary research, we can advance our
understanding of preeclampsia and ultimately improve maternal and fetal health outcomes.

In summary, while competing risk models offer promising avenues for improving preeclamp-
sia risk assessment and management, ongoing research and collaboration are vital to harness their
full potential. By addressing current gaps and promoting the integration of these models into
routine clinical practice, we can pave the way for more effective prevention strategies in the field

of obstetrics.
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