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Tailoring low-dose aspirin to
prevent preeclampsia:
translational and biomarker
insights

Hira Sohail* and Xiao Lin Hua

Shanghai First Maternity and Infant Hospital, School of Medicine, Tongji University, Shanghai, China

Background: Low-dose aspirin is the only pharmacological intervention
with consistent evidence for reducing the risk of preeclampsia in high-risk
pregnancies. However, substantial interindividual variability in response has
prompted interest in biomarkers that may improve understanding of aspirin
responsiveness and disease heterogeneity.

Methods: This narrative review synthesizes translational, observational, and
clinical literature examining genetic, platelet, and angiogenic biomarkers in
the context of aspirin prophylaxis for preeclampsia. Relevant studies were
identified through targeted searches of major biomedical databases to provide
a conceptual overview of current evidence.

Results: Genetic variants related to aspirin metabolism and platelet function,
platelet indices and aggregation assays, and angiogenic biomarkers such as
soluble fms-like tyrosine kinase-1 and placental growth factor have been
investigated as potential tools to refine risk stratification and elucidate variability
in aspirin response. While these biomarkers offer important mechanistic
insight, most evidence derives from association studies and observational
cohorts. Genetic testing and platelet function assays lack validation in pregnant
populations, standardized thresholds, and randomized evidence, supporting their
use to guide aspirin initiation, dosing, or monitoring. Angiogenic biomarkers have
an established diagnostic and prognostic role later in pregnancy but remain
investigational for first-trimester risk stratification and are not used to modify
aspirin therapy.

Conclusions: Biomarkers provide valuable insight into the biological
heterogeneity underlying preeclampsia and aspirin response; however,
biomarker-guided aspirin strategies remain investigational. In the absence
of randomized trials, aspirin prophylaxis should continue to follow established
guideline-based risk assessment, with biomarker-informed approaches reserved
for future research.
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1 Introduction

Preeclampsia (PE) is one of the most significant hypertensive conditions unique to
pregnancy, affecting roughly 2%—8% of pregnancies worldwide (1). It remains a major
driver of maternal death, serious complications, early delivery, fetal growth restriction, and
long-term cardiovascular risk for both mothers and their children (2). Despite extensive
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research, PE continues to pose difficulties for clinicians because its
onset is hard to predict, its symptoms vary widely, and its biological
mechanisms are multifactorial (3). Traditionally, PE is diagnosed
when a pregnant individual develops new hypertension after 20
weeks of gestation, along with proteinuria or evidence of maternal
organ dysfunction (4). Increasingly, however, it is viewed as a
syndrome encompassing several distinct subtypes, such as early-
onset and late-onset forms, as well as placental, immune-related,
and metabolic phenotypes (5).

The prevailing model describes PE as developing through
two major stages (6). The first involves inadequate trophoblast
invasion and poor remodeling of the uterine spiral arteries,
which leads to defective placentation and persistent placental
hypoxia (6). The second stage reflects the maternal response to
this placental stress—characterized by endothelial dysfunction,
oxidative stress, exaggerated inflammatory activity, and imbalanced
angiogenic signaling (6, 7). These disturbances culminate in the
clinical features of hypertension and multi-organ involvement.
Even with this framework, PE remains highly diverse, influenced
by maternal genetics, immune adaptation, cardiometabolic health,
and environmental factors (1).

Since the condition can only be resolved after delivery of
the placenta, prevention is essential. Low-dose aspirin (LDA)
is currently the only pharmacological measure with consistent
evidence for lowering PE risk in individuals considered high-risk
(8). However, many eligible patients either show limited benefit
or still develop PE despite prophylaxis (9-12). Growing research
suggests that maternal genetic variations, platelet activity profiles,
and angiogenic biomarkers may affect both predisposition to PE
and responsiveness to LDA (13).

This article is a narrative review synthesizing translational,
observational, and mechanistic studies; it is not a systematic review.
Literature was identified through targeted searches of PubMed and
EMBASE focusing on aspirin, preeclampsia, genetic, platelet, and
angiogenic biomarkers.

2 Low-dose aspirin in the prevention
of preeclampsia

Low-dose aspirin (LDA) is currently the most effective
and widely recommended pharmacologic strategy to decrease
the risk of preeclampsia, particularly forms that develop early
in pregnancy (14). Its primary action involves the selective,
irreversible inhibition of platelet cyclooxygenase-1 (COX-1), which
lowers the production of thromboxane A, (TxAj)—a molecule
that promotes vasoconstriction and platelet aggregation. At low
doses, aspirin spares endothelial cyclooxygenase activity, allowing
continued production of prostacyclin (PGI;), a vasodilator that

Abbreviations: APTT, activated partial thromboplastin time; CVD,
cardiovascular diseases; FGR, fetal growth restriction; IUGR, intrauterine
growth restriction; LDA, low-dose aspirin; LMWH, low-molecular-weight
heparin; NO, nitric oxide; PIGF, placental growth factor; PT, prothrombin
time; RAS, renin—angiotensin system; sEng, soluble endoglin; sFlt-1, soluble
fms-like tyrosine kinase-1; TFPI, tissue factor pathway inhibitor; T-PA,
tissue-type plasminogen activator; TXA2, thromboxane A2; VEGF, vascular
endothelial growth factor; VTE, venous thromboembolism.
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counteracts platelet activation (15). By restoring the TxA,/PGI,
balance, LDA supports healthier uteroplacental blood flow (15).

Clinical trials and meta-analyses consistently support its benefit
(15-17). The ASPRE trial demonstrated that starting 150 mg of
aspirin before 16 weeks’ gestation in women identified as high risk
reduced the incidence of early-onset PE by more than 60% (18).
Earlier pooled analysis reported an overall reduction of roughly
10%—20% in PE onset, with the most pronounced benefit occurring
when treatment begins between 11 and 16 weeks, coinciding
with the critical period of spiral artery remodeling (19). This
suggests that aspirin may exert its primary protective effect by
influencing placental development and attenuating inflammation
before irreversible pathology occurs (20).

Despite strong evidence for its use, several issues complicate
optimal implementation. International organizations offer differing
recommendations: ACOG advises 81 mg daily, whereas FIGO and
NICE suggest doses between 100 and 150 mg (21). Additionally, the
standard single-dose approach does not address the considerable
variability in how individuals process and respond to aspirin.
Factors such as maternal body mass index, platelet turnover,
genetic variants affecting aspirin metabolism, and preexisting
platelet hyperactivity can all alter the degree of COX-1 inhibition
achieved (22).

Such variability contributes to the problem of “aspirin
resistance,” observed in up to one-third of high-risk pregnancies
(23). Persistent platelet activity despite LDA use is associated with
a heightened risk of PE, implying that fixed dosing may not
be appropriate for all patients. Higher doses—typically 100-150
mg—have been proposed for individuals with elevated BMI or
increased platelet activation, yet these strategies are not consistently
incorporated into clinical guidelines (24).

Another major challenge is accurately identifying who will
benefit most from prophylaxis. Current recommendations are
based largely on clinical risk factors such as prior PE, chronic
hypertension, diabetes, or multifetal gestation (25). Although
useful, these criteria have limited predictive accuracy: many
individuals who develop PE are not classified as high risk, while
some who are deemed high risk never develop the disease.
Incorporating biomarkers—particularly angiogenic markers and
platelet function assays—may strengthen prediction models and
support more targeted aspirin use (26). In summary, while LDA
remains central to PE prevention, its effectiveness is constrained
by uniform dosing approaches and broad inclusion criteria.
Integrating genetic, biochemical, and physiological markers into
clinical decision-making could refine aspirin prophylaxis and
enable a shift toward personalized prevention strategies (27).
However, no randomized trials have demonstrated improved
outcomes using biomarker-guided aspirin dosing in pregnancy.

3 Genetic influences on preeclampsia
and response to aspirin

Genetic variation plays a significant role in both the
development of preeclampsia (PE) and the differing responses to
low-dose aspirin among pregnant individuals. PE is known to have
a heritable component, with contributions from maternal, fetal,
and paternal genomes. Large genomic studies, such as GWAS,
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have identified numerous loci linked to angiogenic signaling,
immune modulation, endothelial function, and placental biology
(28). Variants in genes such as FLT1, HLA-G, ENG, ACVR2A, and
FGG have been associated with impaired placental vascularization,
increased inflammatory activity, and disruptions in immune
tolerance—key elements of PE pathogenesis (29, 30).

Genetic differences may also influence how effectively aspirin
prevents PE. Since aspirin works through irreversible COX-
1 inhibition, polymorphisms in the PTGS1 gene can reduce
platelet sensitivity to aspirin and lead to incomplete thromboxane
suppression (31). Variants in platelet receptor genes, such as ITGA2
and GP1BA, may heighten baseline platelet activity, meaning
higher or earlier dosing could be needed to achieve adequate
inhibition (32).

Polymorphisms in enzymes such as CES1 and PONI1, which
help hydrolyze aspirin, can modulate how quickly the drug is
converted into salicylic acid, thereby influencing systemic exposure
and effectiveness (33). Genetic differences in endothelial and
oxidative stress pathways—for example, NOS3 variants—may
further modify aspirin’s impact on vascular function (33).

Growing research suggests that genetics may help determine
which patients benefit most from LDA. Certain FLT1 or HLA-
G alleles are associated with unique angiogenic patterns and
distinct PE risk profiles, which may alter responsiveness to
antiplatelet therapy (34). Although routine genetic testing is
not yet clinically recommended, incorporating polygenic risk
scores, platelet-related genotypes, and placental gene expression
signatures may ultimately enhance risk stratification. These
findings support further investigation into genetically informed
prevention strategies; however, routine genetic testing to guide
aspirin use is not currently recommended and remains a research
priority (35).

4 Platelet function biomarkers and
their role in aspirin responsiveness

Platelet activation plays a key role in the development of
preeclampsia (PE) and contributes to interindividual variability in
response to low-dose aspirin (LDA) (22). In PE, heightened platelet
reactivity—driven by increased thromboxane A, production,
systemic inflammation, and endothelial dysfunction—promotes
vasoconstriction, impaired placental perfusion, and activation of
coagulation pathways (15). Platelet-related biomarkers, therefore,
provide mechanistic insight into PE pathophysiology and aspirin
pharmacodynamics; however, their role in guiding clinical
management during pregnancy remains investigational (22).

4.1 Thromboxane metabolites

Urinary 11-dehydro-thromboxane B, (11-dh-TXB;) is a
specific marker of aspirin-mediated platelet cyclooxygenase-1
(COX-1) inhibition (36). Elevated levels during prophylaxis reflect
incomplete suppression of thromboxane synthesis and have been
associated with an increased risk of PE (37). Observational studies
suggest that individuals with obesity, chronic hypertension, or
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genetic variants affecting COX-1 activity may exhibit persistently
elevated 11-dh-TXB, levels despite standard LDA dosing (37-39).
While these findings highlight variability in aspirin responsiveness,
they have not been prospectively validated in pregnancy and do
not currently support dose adjustment based on thromboxane
metabolite measurements.

4.2 Mean platelet volume (MPV) and
platelet distribution width (PDW)

Mean platelet volume (MPV) and platelet distribution width
(PDW) reflect platelet size and heterogeneity, both of which
increase in states of enhanced platelet activation (40). Elevated
MPV early in pregnancy has been associated with an increased
risk of subsequent PE in observational studies (41). Although
altered platelet indices may reflect heightened platelet turnover and
reduced sensitivity to aspirin’s antiplatelet effects, MPV and PDW
are influenced by physiological changes during pregnancy, lack
standardized cut-off values, and have not been validated to guide
aspirin dosing or monitoring in pregnant populations (42, 43).

4.3 Platelet aggregation assays

Platelet aggregation assays, such as light transmission
aggregometry (LTA) and the VerifyNow Aspirin assay, provide
direct measures of aspirin-induced platelet inhibition (14, 44).
While these tools are not part of routine obstetric practice,
they are commonly used in cardiovascular medicine to assess
aspirin responsiveness (14). In pregnancy, however, their clinical
utility remains uncertain due to limited validation, variability
in platelet physiology, and the absence of randomized trials,
demonstrating improved outcomes when aspirin therapy is guided
by aggregation testing.

4.4 Platelet-derived microparticles (PMPs)

Platelet-derived microparticles (PMPs) reflect platelet
activation and turnover, both of which are increased in PE.
Elevated PMP concentrations may indicate heightened platelet
activation and rapid platelet renewal, potentially limiting sustained
platelet inhibition by aspirin (44). This mechanism has been
proposed as a contributor to reduced aspirin responsiveness
in individuals with elevated body mass index; however, PMP
measurement remains a research tool and is not currently

applicable to clinical decision-making in pregnancy.

4.5 Limitations and clinical implications

Collectively, platelet biomarkers underscore substantial
interindividual variability in aspirin pharmacodynamics during
pregnancy. While these markers provide valuable insight into
biological mechanisms underlying aspirin response and PE

risk, they are influenced by normal gestational changes, lack
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standardized thresholds, and have not been validated to guide
aspirin initiation, dosing, or monitoring. Importantly, no
randomized controlled trials have evaluated platelet biomarker-
guided aspirin strategies in pregnancy. As such, platelet function
testing should not be used to tailor aspirin therapy outside of
research settings, and aspirin prophylaxis should continue to
follow established guideline-based recommendations (45).

5 Angiogenic biomarkers and their
role in aspirin-based prevention

Disruption of angiogenic balance is a central feature of
preeclampsia (PE), making angiogenic biomarkers—particularly
soluble fms-like tyrosine kinase-1 (sFlt-1) and placental growth
factor (PIGF)—important tools for understanding placental
dysfunction. sFlt-1 acts as a decoy receptor that reduces circulating
vascular endothelial growth factor (VEGF) and PIGE impairing
angiogenic signaling and contributing to widespread endothelial
dysfunction (46). In contrast, PIGF supports placental vascular
development and maternal cardiovascular adaptation. The sFlt-
1/PIGF ratio is an established marker of placental health and is
widely used for diagnosis and prognosis of PE later in pregnancy,
particularly for predicting early-onset disease (46, 47).

5.1 Investigational use of angiogenic
biomarkers for early risk stratification

Observational studies have demonstrated that elevations in
sFlt-1 and reductions in PIGF can precede the clinical onset
of PE by weeks to months, especially in individuals at risk for
severe, early-onset disease (46-48). Low first-trimester PIGF levels
are associated with impaired spiral artery remodeling and early
placental dysfunction (46-48). These findings have prompted an
investigation into the potential role of first-trimester angiogenic
profiling as a research tool for early risk stratification. However, this
application remains investigational and has not been validated to
guide preventive interventions.

5.2 Angiogenic biomarkers and aspirin
responsiveness

Emerging data suggest that angiogenic profiles may differ
among individuals who subsequently develop PE despite aspirin
prophylaxis, raising interest in the interaction between aspirin and
angiogenic pathways (49). Experimental and observational studies
indicate that aspirin initiated early in pregnancy may modestly
influence placental angiogenic signaling, potentially improving
placental perfusion (50). While combining angiogenic biomarkers
with maternal clinical risk factors improves predictive performance
in research settings, angiogenic markers are not currently used
to initiate, adjust, or escalate aspirin therapy, such as dose
modification, beyond guideline-recommended practice (51).
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5.3 Barriers to clinical translation and
current limitations

Despite robust evidence supporting their diagnostic and
prognostic value later in pregnancy, routine use of angiogenic
biomarkers for early risk stratification faces several barriers,
such as cost, assay availability, and limited access in resource-
constrained settings. In addition, there is no consensus regarding
optimal testing intervals, interpretation thresholds, or clinical
actions based on early pregnancy measurements (51, 52).
Importantly, no randomized controlled trials have evaluated
angiogenic biomarker-guided aspirin initiation or dosing
strategies. As such, the integration of angiogenic markers
into aspirin-based prevention should be viewed as a future
research direction rather than a component of current clinical

care (53).

6 Integrative personalized
prophylaxis: toward a
biomarker-guided aspirin strategy

Bringing biological insights into clinical practice represents
the next major step in optimizing aspirin use for PE prevention.
A personalized prevention model combines maternal clinical
risk factors with genetic predisposition, platelet function profiles,
and angiogenic biomarker data, creating a more dynamic and
individualized approach rather than applying a uniform dosing
strategy to all patients. Figure 1 provides an integrated conceptual
model in which genetic markers (e.g., F2/F5/PTGSI1 variants),
platelet function indices, and angiogenic biomarkers (such as
PIGF and sFlt-1) collectively inform individualized decisions
regarding aspirin initiation, dosage adjustment, and monitoring
throughout pregnancy.

7 Integrative personalized
prophylaxis: a conceptual framework
for future research

Translating biological insights into improved prevention
strategies represents an important goal in preeclampsia (PE)
research. Integrative approaches that combine maternal clinical
risk factors with genetic, platelet, and angiogenic biomarkers have
been proposed as a means of better understanding interindividual
variability in aspirin responsiveness. The framework described
below is presented as a conceptual model to illustrate potential
future research directions rather than a clinical decision-
making algorithm. Figurel depicts this integrative model,
in which genetic markers (e.g., F2, F5, PTGSI1 variants),
platelet function indices, and angiogenic biomarkers (such
as PIGF and sFlt-1) are considered alongside clinical risk
factors to generate hypotheses regarding heterogeneity in
aspirin response.
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Biomarker-Guided Personalized Low-Dose Aspirin
Strategy for Preeclampsia Prevention

Clinical risk Genetic
factors biomarkers
¢ History of PE ¢ FLT1, HLA-G

 Chronic (angiogenesis
hypertension & immune tolera)

¢ Obesity *« NOS3

* Multifetal * endothelial
gestation function

¢ COX-1 variants

Platelet Angiogenic
biomarkers biomarkers
e TxA,/PGl, ratio e sFit-1
* 11-dh-TXB, * PIGF
« MPV « sFlt-1/PIGF
« PDW ratio
e Platelet
aggregration
assays

p— —
Personalized prophylaxis pathway

¢

Risk Aspirin its Monitoring &
stratification initiation timing  adaptive adjustment
Low <12 weeks Serial biomarkers
Moderate 12-16 weeks clinical parameters

FIGURE 1

Conceptual framework illustrating the integration of clinical risk factors with genetic, platelet, and angiogenic biomarkers to explore heterogeneity in
aspirin responsiveness and preeclampsia risk. This model is intended to highlight potential research directions and hypothesis generation rather than

to represent a clinical decision-making algorithm.

v v

7.1 Multidimensional risk stratification

Current risk assessment for PE relies primarily on clinical
factors, such as prior PE, chronic hypertension, obesity, and
multifetal gestation (4). While effective at identifying high-risk
populations, these criteria lack precision at the individual level.
Integrating biomarker data with clinical risk factors may improve
understanding of disease heterogeneity and facilitate more refined
risk stratification in research settings. For example, observational
studies suggest associations between elevated sFlt-1/PIGF ratios,
increased thromboxane metabolite levels, or high polygenic risk
scores and subsequent PE risk (48, 54, 55). However, these
associations remain exploratory and have not been validated to
guide aspirin initiation, dosing, or monitoring in clinical practice.
Table 1 summarizes proposed biomarker domains and their current
level of evidence, highlighting areas for future investigation.

7.2 Aspirin dose and timing: evidence gaps
and research directions

Although current guidelines recommend aspirin doses of 75-
150 mg initiated before 16 weeks of gestation, interest has emerged
in whether biological heterogeneity may influence optimal dosing
or timing (56, 66). Studies exploring genetic risk, angiogenic
profiles, platelet turnover, and aspirin pharmacodynamics have
generated hypotheses regarding differential responses to aspirin
prophylaxis (51). Importantly, no randomized controlled trials have
evaluated biomarker-guided aspirin dose adjustment or timing
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strategies in pregnancy. As such, personalization of aspirin therapy
based on biomarker profiles remains investigational and should
be considered a priority for future clinical research rather than a
component of routine care.

7.3 Longitudinal assessment and
biomarker monitoring

The concept of dynamic risk assessment across pregnancy has
been proposed to better capture evolving placental and maternal
vascular changes. In research contexts, longitudinal evaluation of
angiogenic markers or platelet-related biomarkers has been used
to study disease progression and aspirin responsiveness (49, 51,
54). However, physiological changes during pregnancy, lack of
standardized thresholds, and absence of outcome-driven validation
currently limit the clinical applicability of serial biomarker
monitoring for guiding aspirin therapy.

7.4 Toward future clinical translation

Conceptual clinical workflows integrating biomarkers with
clinical assessment have been proposed to guide future trial design
and translational research. Such frameworks may inform the
structure of prospective studies evaluating whether biomarker-
informed strategies can improve outcomes compared with standard
guideline-based aspirin prophylaxis (57, 58). Until evidence
from well-designed randomized trials becomes available, aspirin
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TABLE 1 Summary of maternal risk factors, associated biomarkers, and recommended aspirin strategies for preeclampsia prevention.

Maternal risk
factor

Associated
biomarkers

Evidence type

Key findings

10.3389/fmed.2026.1754660

Current clinical
applicability

aggregation

linked to PE risk

Chronic hypertension sFlt-1/PIGF ratio Observational, Elevated ratios associated with Established for diagnosis/prognosis
prognostic increased risk of early-onset PE later in pregnancy; investigational for
early risk stratification
Obesity (BMI > 30) Urinary thromboxane Mechanistic, Increased platelet turnover and Not validated for guiding aspirin dose
metabolites, MPV observational reduced aspirin responsiveness or timing
observed
Polygenic risk (FLT1 Polygenic risk scores Genetic association Certain variants associated with PE Investigational; not recommended for
variants) (FLT1, HLA-G) studies susceptibility clinical decision-making
Prior preeclampsia Platelet indices, Observational Altered platelet activation reported in Not validated for aspirin monitoring
aggregation assays recurrent PE or dose adjustment
Multiple gestation sFlt-1/PIGF ratio, Observational Higher angiogenic imbalance and No evidence to guide aspirin
platelet biomarkers platelet activation modification beyond guidelines
Elevated platelet activity 11-dh-TXB,, platelet Mechanistic Incomplete thromboxane suppression Research use only; no randomized

trials guiding therapy

use for PE prevention should continue to follow established
clinical guidelines, with biomarker-guided approaches reserved for
research settings.

8 Challenges, limitations, and future
directions

Personalized aspirin strategies offer significant potential, but
several challenges remain to their widespread adoption. A major
hurdle is the lack of standardization for biomarkers like sFlt-
1, PIGE and platelet aggregation (54, 55). Assay variability and
inconsistent cut-off values across different labs complicate their use
in clinical settings. Establishing validated thresholds through large
multicenter studies is essential for reliable application in decision-
making.

8.1 Cost and practical considerations

Advanced biomarker and genomic testing remain costly and
may be inaccessible in low-resource settings, despite these regions
bearing the highest burden of PE. Widespread adoption of precision
obstetrics will require more affordable testing solutions and point-
of-care devices. Cost-effectiveness analyses and simplified testing
strategies are essential for broad implementation (59).

8.2 Biological complexity of PE

PE is a heterogeneous condition, with various underlying
pathways, such as angiogenic, immunologic, and metabolic factors.
Not all PE subtypes respond to aspirin, meaning some may
require additional interventions, such as antioxidants, statins, or

Frontiersin Medicine

endothelial stabilizers (60). A precision approach must recognize
that aspirin alone may not suffice, and combined therapies may be
needed for optimal prevention.

8.3 Timing limitations and clinical
constraints

While aspirin is most effective when started before 12-16
weeks, many individuals do not access prenatal care early enough
(56). Adherence may also be affected by gastrointestinal discomfort
or uncertainty about dosing (61). Timely engagement with prenatal
care services and improved patient education are key to overcoming
these barriers.

8.4 Ethical considerations and data
protection

Genomic and biomarker testing raises important ethical
concerns, particularly around data security, incidental findings,
and equitable access (62). A robust framework for informed
consent and data protection is crucial for ensuring the ethical
implementation of personalized screening programs.

8.5 Future research directions

Future research should focus on developing machine learning
models that combine genomic, metabolic, and clinical data to refine
risk stratification. Advances in affordable, point-of-care angiogenic
assays will facilitate widespread clinical use (63). Identifying
aspirin-resistant PE phenotypes through metabolomics or platelet
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profiling, along with randomized trials of genotype- or biomarker-
guided dosing, will help optimize aspirin therapy (64). Additionally,
exploring adjunct therapies (e.g., pravastatin and metformin) for
patients unlikely to respond to aspirin alone could provide a more
comprehensive approach to PE prevention (65).

9 Conclusion

Low-dose aspirin remains the cornerstone of pharmacological
prevention for preeclampsia in pregnancies identified as high
risk using established clinical criteria. Growing interest in
genetic, platelet, and angiogenic biomarkers reflects recognition
of the biological heterogeneity underlying both preeclampsia
pathogenesis and variability in aspirin responsiveness. This
narrative review highlights the potential of these biomarkers to
enhance mechanistic understanding and to inform future research
aimed at refining risk stratification and preventive strategies.

However, current evidence supporting biomarker-guided
approaches to aspirin prophylaxis is predominantly derived from
mechanistic studies, genetic association analyses, and observational
cohorts. Genetic profiling and platelet function testing lack
validation in pregnant populations, standardized thresholds,
and randomized evidence, demonstrating improved maternal or
perinatal outcomes. Similarly, while angiogenic biomarkers have
an established diagnostic and prognostic role later in pregnancy,
their use for first-trimester risk stratification and for guiding aspirin
initiation or dose modification remains investigational.

Importantly, no randomized controlled trials have evaluated
biomarker-guided aspirin dosing or monitoring strategies in
pregnancy. Until such evidence becomes available, the use of aspirin
for preeclampsia prevention should continue to follow current
guideline-based recommendations regarding patient selection,
timing, and dosage. Biomarker-informed strategies should be
regarded as a future research direction rather than a component of
routine clinical care.

Future studies should prioritize well-designed prospective
cohorts and randomized trials to evaluate whether integrating
biomarkers with clinical risk assessment can meaningfully improve
outcomes without increasing harm. Such evidence will be essential
before precision-based approaches to aspirin prophylaxis can be
responsibly translated into clinical practice.
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