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Abstract

Hypertensive Disorders of Pregnancy (HDP), including gestational hypertension and preeclampsia, are increasingly recognized not only as
pregnancy-specific complications but also as early indicators of future cardiovascular disease (CVD). Women affected by HDP experience an
elevated long-term burden of hypertension, ischemic heart disease, stroke, heart failure, and other cardiometabolic disorders, highlighting
pregnancy as an important window for identifying previously unrecognized cardiovascular vulnerability. Endothelial dysfunction provides a
plausible biological bridge between hypertensive pregnancy and subsequent cardiovascular disease. Abnormal placental angiogenic signaling,
oxidative stress, systemic inflammation, and vascular injury can impair endothelial homeostasis during pregnancy, while incomplete vascular
recovery after delivery may contribute to persistentarterial dysfunction and later cardiovascular pathology. This review explores current evidence
linking HDP with long-term cardiovascular risk, emphasizing endothelial mechanisms that may underlie this transition. It further examines the
inter-pregnancy period as a clinically important opportunity for cardiovascular risk assessment, blood pressure optimization, cardiometabolic
management, lifestyle modification, and preconception counseling. Particular attention is given to integrated care models that connect obstetric
services with primary and cardiovascular care beyond the immediate postpartum period. The review also evaluates approaches to long-term
surveillance, including blood pressure, metabolic, renal, and vascular risk assessment, alongside emerging biomarker and digital monitoring
strategies. Integrating pregnancy history into routine cardiovascular risk assessment may facilitate earlier identification of high-risk women and
strengthen preventive care. Future research should prioritize standardized surveillance pathways, mechanism-informed risk stratification, and
scalable models capable of sustaining cardiovascular prevention across the life course.

Keywords: Hypertensive disorders; Preeclampsia; Cardiovascular disease; Endothelial dysfunction; Inter-pregnancy care; Cardiovascular
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Introduction

to the obstetric period; affected women have greater subsequent
risks of chronic hypertension, ischemic heart disease, stroke, and
heart failure [2]. Meta-analytic evidence involving more than

Hypertensive Disorders of Pregnancy (HDP), encompassing
chronic hypertension, gestational hypertension, preeclampsia,

and related phenotypes, are major causes of maternal morbidity 1.2 million women with prior HDP demonstrates substantially

elevated risks of later hypertension, ischemic heart disease, and
heart failure, reinforcing the prognostic significance of pregnancy
history [3].

and mortality and increasingly recognized as indicators of
later cardiovascular vulnerability [1]. Contemporary guidance
emphasizes that pregnancy-related hypertension is not confined

Anatomy Physiol Biochem Int J 8(4): APBIJ.MS.ID.555743 (2026) m


http://dx.doi.org/10.19080/APBIJ.2026.08.555743
https://juniperpublishers.com
https://juniperpublishers.com/apbij/

Anatomy Physiology & biochemistry international journal

The cardiovascular consequences of HDP are clinically
important because pregnancy may expose latent vascular and
metabolic susceptibility before conventional cardiovascular
disease becomes apparent. Normal pregnancy requires marked
reductions in systemic vascular resistance, increases in cardiac
output and blood volume, and coordinated vascular adaptation;
disruption of these processes is associated with hypertensive
pregnancy phenotypes [4]. Genetic evidence also supports
an association between HDP and coronary artery disease and
stroke that is not fully explained by cardiometabolic factors,
suggesting that pregnancy-associated hypertension may reflect,
and potentially contribute to, persistent cardiovascular pathology
[5]. These observations have shifted attention from pregnancy
complications as isolated events toward their role in life-course
cardiovascular risk assessment [2].

Endothelial dysfunction provides a biologically plausible
pathway connecting abnormal pregnancy adaptation with later
cardiovascular disease [6]. In preeclampsia, impaired trophoblast
invasion and spiral-artery remodeling can promote placental
hypoxia, angiogenic imbalance, oxidative stress, and inflammatory
activation, with circulating mediators such as soluble fms-like
tyrosine kinase-1 and soluble endoglin contributing to systemic
endothelial injury [7-9]. Vascular dysfunction may persist
beyond delivery and has been proposed as a substrate for later
hypertension and cardiovascular disease, although contemporary
studies indicate heterogeneity in the persistence and measurable
expression of endothelial abnormalities [10]. Understanding
these mechanisms is therefore important for identifying
clinically meaningful biomarkers and refining cardiovascular risk
stratification [6].

Recognition of HDP as a cardiovascular risk marker offers
an opportunity to intervene during the postpartum and inter-
pregnancy periods, for identifying and modifying risk factors
before overt disease develops [11]. Evidence supports assessment
ofblood pressure, lipids, glucose metabolism, weight, and lifestyle,
with transition from obstetric to primary or cardiovascular care
[12]. Remote blood-pressure monitoring and digital approaches
may improve care continuity, although evidence for effects on long-
term cardiovascular outcomes remains limited across settings
[11]. Long-term follow-up should move beyond postpartum
recovery toward sustained cardiovascular prevention across the
life course and between pregnancies, where appropriate [2].

This review examines hypertension in pregnancy as a clinically
meaningfulmarkeroffuture cardiovasculardiseaseand synthesizes
evidence across biological, clinical, and preventive dimensions.
It first considers the spectrum of hypertensive disorders of
pregnancy and the subsequent burden of cardiovascular disease,
emphasizing how pregnancy-related hypertension may identify
women with increased susceptibility to chronic hypertension,
ischemic heart disease, stroke, and heart failure. It then examines
endothelial dysfunction as a central mechanistic pathway, focusing

on abnormal placental and angiogenic signaling, oxidative stress,
inflammation, vascular injury, and the persistence of vascular
abnormalities after delivery. The review subsequently evaluates
the inter-pregnancy period as an opportunity for cardiovascular
risk modification, including postpartum risk assessment,
blood pressure and cardiometabolic management, lifestyle
optimization, preconception counseling, and integrated models
linking obstetric, primary, and cardiovascular services. Long-
term surveillance strategies are also considered, with attention
to blood pressure, metabolic, renal, and vascular assessment and
the emerging roles of biomarkers, remote monitoring, and digital
health approaches. Finally, the review considers how pregnancy
history can be incorporated into cardiovascular risk stratification
and preventive practice, while identifying implementation
barriers and priorities for future research. By connecting
pathophysiological mechanisms with practical care pathways,
the review aims to clarify how recognition of cardiovascular
vulnerability after hypertensive pregnancy can support earlier,
sustained, and individualized prevention across the life course.
Particular attention is given to the heterogeneity of hypertensive
pregnancy phenotypes, the timing and severity of disease, and
the distinction between transient postpartum abnormalities
and persistent cardiovascular risk. The review also highlights
the need for coordinated follow-up that remains feasible across
different healthcare settings and supports continuity beyond the
traditional postpartum period.

Hypertensive Disorders of Pregnancy and Subsequent
Cardiovascular Risk

Hypertensive Disorders of Pregnancy (HDP) are clinically
heterogeneous conditions whose significance extends beyond
pregnancy. Their timing, severity, recurrence, and coexistence
with chronic hypertension influence both immediate maternal
complications and subsequent cardiovascular vulnerability. This
section therefore considers HDP as a spectrum of phenotypes and
examines the evidence linking these phenotypes with long-term
cardiovascular outcomes.

Spectrum and Clinical Phenotypes of Hypertensive
Disorders of Pregnancy

HDP  comprise chronic hypertension, gestational
hypertension, preeclampsia/eclampsia, and chronic hypertension
with superimposed preeclampsia. Gestational hypertension
is characterized by new-onset hypertension after 20 weeks
without features of preeclampsia, whereas preeclampsia involves
hypertension accompanied by proteinuria and/or maternal organ
dysfunction. Chronic hypertension predates pregnancy or is
identified early in gestation, while superimposed preeclampsia
represents the development of preeclamptic features in women
with chronic hypertension [13,14]. These distinctions are
important because HDP do not confer a uniform long-term
cardiovascular burden. Within preeclampsia, timing and severity
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further define clinically relevant phenotypes. Early-onset and
severe disease, recurrent preeclampsia, and superimposed
are associated with greater subsequent
cardiovascular vulnerability than less complicated forms of

preeclampsia

pregnancy hypertension [13,15]. Cardiovascular changes may also
become evident during the affected pregnancy itself. A systematic
review and meta-analysis found greater cardiac remodeling

among women with HDP, including increased left ventricular
hypertrophy, concentric remodeling, left atrial diameter, and
aortic-root dimensions compared with normotensive pregnancies
[16]. These findings support viewing HDP phenotypes not simply
as diagnostic categories but as markers of differing degrees of
maternal cardiovascular maladaptation (Table 1).

Table 1: Hypertensive pregnancy phenotypes and long-term cardiovascular implications.

HDP Phenotype Feature

Long term cardiovascular effect Reference

Gestational hypertension .
out preeclampsia

New-onset hypertension after 20 weeks with-

Alhuneafat et al.
[19]

Increased later cardiovascular risk, partic-
ularly heart failure

Preeclampsia dysfunction

Hypertension with proteinuria and/or organ

Increased risk of hypertension, coronary
disease, heart failure, and stroke

Choi etal. [17]; In-
versetti et al. [18]

Early/severe preeclampsia

Earlier onset and/or greater disease severity

Poon et al. [13];

Greater subsequent cardiovascular vul- :
Countouris and

nerability

Bello [15]
Superimposed preeclampsia Preeclampsia occurring with chronic hyper- Highest subsequent cardiovascular risk Alhuneafat et al.
p p p p tension among major HDP phenotypes [19]
Epidemiological Association with Future than treating all HDP as equivalent [19].
Cardiovascular Disease Long-Term  Cardiovascular =~ Outcomes  After

The association between HDP and later cardiovascular
disease (CVD) is consistently demonstrated across large
cohorts and systematic reviews. In a population-based Korean
cohort of 68,658 women followed for up to 22 years, previous
preeclampsia was associated with increased risks of ischemic
heart disease and stroke, with adjusted hazard ratios of 1.66 and
1.48, respectively; a meta-analysis of Asian studies produced
similarly elevated estimates [17]. These findings extend evidence
from predominantly Western populations and support the
relevance of preeclampsia as a cardiovascular risk marker across
populations. The magnitude of risk is particularly well established
for preeclampsia. A systematic review and meta-analysis of 22
adjusted studies found that previous preeclampsia was associated
with approximately twofold higher risks of cardiovascular death
and coronary artery disease, while risks of heart failure and stroke
were also substantially increased. Importantly, excess risk was
detectable within 1-3 years after pregnancy and persisted over
several decades [18]. Genetic epidemiological evidence further
supports associations between HDP and coronary artery disease,
ischemic stroke, and heart failure, although these analyses do
not by themselves establish the precise biological mechanisms
underlying those relationships [5]. Recent evidence emphasizes
that HDP subtype matters. In a large 2026 propensity-matched
analysis, all major HDP subtypes were associated with increased
cardiovascular risk, but the greatest estimates were observed
among women with superimposed preeclampsia. Gestational
hypertension showed a more limited association, particularly with
heart failure, illustrating why long-term risk assessment should
retain information about the specific pregnancy phenotype rather

Hypertensive Pregnancy

Chronic hypertension is the most prominent intermediate
cardiovascular outcome after HDP. Approximately 30% of women
with previous preeclampsia develop chronic hypertension
within 10 years, and a 2025 systematic review involving
197,793 women identified recurrent preeclampsia and several
pregnancy and maternal characteristics as important predictors
of later hypertension [20]. Persistent hypertension is clinically
important because it can subsequently amplify risks of coronary
disease, stroke, heart failure, and other cardiovascular events.
The long-term burden extends beyond blood pressure. Previous
preeclampsia is associated with increased risks of coronary artery
disease, heart failure, stroke, and cardiovascular mortality, with
evidence indicating that these outcomes can emerge relatively
early after pregnancy and remain elevated over the subsequent
decades [15,18]. The clinical trajectory is also influenced by the
severity and phenotype of HDP. Recent subtype-specific evidence
demonstrates particularly high cardiovascular risk following
superimposed preeclampsia, while cardiac remodeling observed
during HDP provides a potential intermediate phenotype between
pregnancy hypertension and later cardiovascular disease [16,19].
Collectively, these findings establish HDP as an important
life-course cardiovascular risk marker, with the greatest
concern among women with early-onset, severe, recurrent, or
superimposed preeclampsia. The persistence of risk despite
the resolution of pregnancy itself provides the clinical rationale
for examining the vascular and endothelial pathways that may
connect HDP with later cardiovascular disease (Figure 1).
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Figure 1: Long-term cardiovascular outcomes associated with hypertensive disorders of pregnancy. The figure summarizes the adjusted odds
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Endothelial Dysfunction as a Mechanistic Link

The transition from hypertensive pregnancy to later
cardiovascular disease is unlikely to result from elevated blood
pressure alone. Increasing evidence implicates a network of
placental, angiogenic, metabolic, inflammatory, and vascular
abnormalities that converge on endothelial dysfunction. This
endothelial phenotype can promote impaired vasodilation,
vascular permeability, inflammation, thrombogenicity, and
vascular remodeling during pregnancy, while incomplete vascular
recovery may leave a persistent substrate for later cardiovascular
disease. The mechanistic evidence therefore provides an
important bridge between the pregnancy phenotype and the long-
term cardiovascular outcomes described above.

Placental and Angiogenic Dysregulation

Abnormal trophoblast invasion and inadequate remodeling
of the maternal spiral arteries reduce uteroplacental perfusion
and expose the placenta to hypoxic and ischemia-reperfusion
stress. The stressed placenta subsequently releases circulating
factors that alter maternal vascular homeostasis. Among the
best characterized are Soluble Fms-Like Tyrosine Kinase-1
(sFlt-1), Soluble Endoglin (sEng), Vascular Endothelial Growth
Factor (VEGF), and Placental Growth Factor (PIGF). Increased
sFlt-1 sequesters VEGF and PIGF, whereas sEng interferes with
transforming growth factor-f signaling, collectively reducing pro-
angiogenic and endothelial-protective signaling. The resulting
angiogenic imbalance contributes to impaired nitric oxide-
dependent vasodilation, endothelial barrier disruption, and
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increased vascular tone [6,9]. The relationship between angiogenic
imbalance and endothelial injury also appears to involve cellular
metabolism. Nunes et al. [21] found that increasing sFlt-1/PIGF
ratios were associated with endothelial damage, oxidative stress-
related injury, and metabolicreprogramming, including alterations
in succinate, glycine, lactate, and glucose. These findings suggest
that anti-angiogenic signaling may influence endothelial cellular
energetics in addition to conventional receptor-mediated vascular
effects. The endothelial glycocalyx may provide another interface
between angiogenic imbalance and vascular injury, with recent
work proposing that its disruption could facilitate inflammatory
and complement-mediated endothelial damage in severe
preeclampsia and HELLP syndrome [21,22] (Figure 2).

Oxidative Stress, Inflammation, and Endothelial Injury

Placental hypoxia and ischemia-reperfusion increase
Reactive Oxygen Species (ROS) generation, mitochondrial
dysfunction, and lipid peroxidation. Excess ROS can reduce nitric
oxide bioavailability, impair endothelial nitric oxide synthase
signaling, and promote vasoconstriction, vascular permeability,
and a prothrombotic phenotype. The metabolic theory of
preeclampsia integrates these processes by linking placental
hypoxia to oxidative stress, mitochondrial injury, inflammatory
signaling, and the systemic release of vasoactive factors that
act on maternal endothelium [8,23]. Recent evidence further
indicates that angiogenic imbalance itself can induce oxidative
and metabolic stress within endothelial cells [21]. Inflammatory
pathways amplify this vascular injury. Preeclamptic pregnancy
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is associated with activation of cytokine, complement, leukocyte,
and coagulation pathways, creating an environment in which
endothelial activation and vascular inflammation reinforce one
another. Ramos et al. [24] demonstrated experimentally that
extracellular vesicles from preeclamptic pregnancies increased
endothelial von Willebrand factor, VCAM-1, and ROS, while
neutrophil extracellular traps increased endothelial injury and
complement deposition. These findings provide direct evidence
that circulating placental and immune-derived mediators can

transmit vascular injury beyond the placenta. Oxidative and
inflammatory injury may also involve more specialized forms of
cellular stress. Recent evidence has linked altered ferroptosis-
related markers to preeclamptic placental tissue, although the
available findings do not establish ferroptosis as a direct cause
of maternal vascular dysfunction. This distinction is important
because mechanistic associations observed in placental tissue
should not automatically be interpreted as demonstrated systemic
vascular mechanisms [25].
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Figure 2: Uterine vascular maladaptation and impaired placental perfusion in preeclampsia. This figure illustrates inadequate spiral-artery
remodeling and uterine vascular abnormalities that reduce uteroplacental perfusion and contribute to placental hypoxia and the subsequent
maternal vascular response.
Source: Shaw etal. [27]
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Table 2: Mechanistic continuum from hypertensive pregnancy to persistent cardiovascular vulnerability.
Mechanistic stage Evidence Long term implication Reference
. . Abnormal trophoblast invasion, spi- . R
Placer.ltal—anglogemc ral-artery remodeling, and sFIt-1/PIGF | Initiates maternal endothelial stress Palatnik and Kulinski [6]; Nunes et al.
disturbance . [21]
imbalance
Endothelial injury O?ﬂdatlve stress, 1nﬂammatory activa- | Impaired vasodllatlon.and vascular Manoharan et al. [8]; Ramos et al. [24]
tion, extracellular vesicles, and NETs homeostasis
Persistent vascular dys- Microvascular dysfunction, elevated . . Miller et al. [10]; Schwartz and Stanhe-
- blood pressure, and altered vascular Sustained vascular vulnerability .
function - wicz [26]
indices after pregnancy
Cardiovascular remod- Hypertension, myocardial hypertro- Increased susceptibility to heart Shaw et al. [27]; Countouris and Bello
eling phy, and diastolic abnormalities failure and CVD [15]

Persistent Vascular Dysfunction after Pregnancy

Removal of the placenta after delivery substantially reduces
the circulating angiogenic stimulus, but vascular recovery may
be incomplete. Women with previous preeclampsia have been
reported to exhibit persistent abnormalities in microvascular
function, arterial stiffness, blood pressure, and other vascular
measures beyond the puerperium. Schwartz and Stanhewicz [26]

describe persistent microvascular dysfunction after preeclamptic
pregnancy, including abnormalities in endothelial-dependent
vascular responses, suggesting that the vascular phenotype may
outlast the clinical pregnancy disorder. However, persistence is not
uniform across vascular measures. The EPOCH study evaluated
women at a mean of 5.7 years after their affected pregnancy and
found higher blood pressure, hypertension prevalence, calculated
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ASCVD risk, and augmentation index among women with previous
HDP, but no significant differences in reactive hyperemia index,
carotid intima-media thickness, or several measures of arterial
stiffness. This mixed pattern indicates that postpartum vascular
dysfunction is heterogeneous and that different vascular beds or
measurement modalities may capture different stages of residual
injury [10]. This heterogeneity is mechanistically important.
Persistent vascular abnormalities may reflect the combined
effects of residual endothelial injury, altered vascular smooth-
muscle function, arterial remodeling, inflammation, metabolic
dysfunction, and the subsequent development of conventional
cardiovascular risk factors. Palatnik and Kulinski [6] therefore
emphasize vascular dysfunction as a potential intermediate
phenotype linking HDP with later cardiovascular disease,
while Collins et al. [4] highlight the importance of standardized
assessment of maternal vascular and cardiovascular physiology
across pregnancy and postpartum (Table 2).

Progression from  Vascular

Cardiovascular Disease

Dysfunction to

Persistent endothelial and vascular abnormalities can
progressively influence the cardiovascular system through
sustained hypertension, increased arterial stiffness, impaired
coronary and microvascular function, ventricular remodeling,
and altered myocardial relaxation. These processes may interact
with conventional risk factors acquired after pregnancy, thereby

convertinganinitially subclinical vascular phenotype into clinically

apparent cardiovascular disease. The relationship is likely to be
particularly important after early or severe preeclampsia, where
greater vascular dysfunction and myocardial maladaptation
have been described [15,27]. Shaw et al. [27] propose that early
preeclampsiamay representavascularendotype in which systemic
vascular dysfunction contributes to myocardial hypertrophy and
diastolic abnormalities, creating a pathway toward heart failure.
Their model also distinguishes this from later-onset disease, in
which pre-existing cardiovascular risk factors may interact more
strongly with pregnancy-related vascular stress. Countouris and
Bello[15] similarly identify endothelial dysfunction, inflammation,
reactive oxygen species, renin-angiotensin-aldosterone system
activation, ischemia, myocardial fibrosis, and hypertrophy as
interconnected features that may contribute to heart-failure
susceptibility after preeclampsia. Thus, endothelial dysfunction
should be viewed as a central intermediary rather than a single
causal mechanism. Placental malperfusion initiates angiogenic
and metabolic disturbances; oxidative, inflammatory, immune,
and extracellular-vesicle pathways amplify endothelial injury;
incomplete vascular recovery may sustain vascular abnormalities
after delivery; and persistent vascular stress can interact with
hypertension and cardiometabolic risk to promote myocardial
and vascular remodeling. This integrated model provides a
mechanistic explanation for why cardiovascular risk can persist
long after the hypertensive pregnancy has clinically resolved
[6,27-29] (Figure 3).

e A\
Hyperinfammatory State  Vascular isaders:
Subchnical + Stress- ArtiAngogeness
Induced Endothelial Dysfunclion
System
Hypoesirogenemia
Figure 3: Distinct pathways linking early and late preeclampsia with cardiovascular disease. Conceptual framework illustrating how vascular
dysfunction and pregnancy-related cardiovascular stress in early and late preeclampsia may contribute to persistent myocardial abnormalities
and subsequent cardiovascular disease.
Source: Shaw et al. [27]
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Inter-Pregnancy Care as a Cardiovascular Prevention
Window

The inter-pregnancy period represents an
opportunity to translate recognition of Hypertensive Disorders
of Pregnancy (HDP) into sustained cardiovascular prevention.
Cardiovascular risk factors may persist or emerge after delivery,

important

while the processes contributing to later cardiovascular disease
can become established before a subsequent pregnancy.
Accordingly, postpartum care should extend beyond resolution of
pregnancy-related hypertension to systematic cardiovascular risk
assessment, risk-factor modification, and continuity of care. The
American Heart Association identifies both the postpartum and
inter-pregnancy periods as important windows for optimizing

How to cite this article: Marizu Chidera G, Ochuele Dominic A, Moses Adondua A, Micheal Oladosu A, Temitope Olamide A.Hypertension in Pregnancy
and Future Cardiovascular Disease Risk: A Narrative Review of Endothelial Dysfunction Pathways, Inter-Pregnancy Care Models, and Long-Term
Surveillance. Anatomy Physiol Biochem Int J: 2026; 8(3): 555743. DOI: 10.19080/APBIJ.2025.08.555743


http://dx.doi.org/10.19080/APBIJ.2026.08.555743

Anatomy Physiology & biochemistry international journal

cardiovascular health, while longitudinal evidence demonstrates
increased predicted long-term cardiovascular risk among women
with previous adverse pregnancy outcomes within several years
after delivery [11,30,31].

Postpartum Cardiovascular Risk Assessment

Postpartum cardiovascular assessment should document
the HDP phenotype, severity, and recurrence together with
conventional cardiovascular risk factors, including blood pressure,
adiposity, lipid status, glucose regulation, smoking or nicotine
exposure, physical activity, and family history. Early assessment
is particularly important because cardiovascular risk factors
may become evident soon after pregnancy. In a cohort of 4,194
women with HDP, only 28% underwent blood-pressure screening
within 6-12 months postpartum; those screened early had a
substantially higher rate of subsequent detection of hypertension,
prediabetes, diabetes, or hyperlipidemia than women screened
later [32]. Risk assessment should continue beyond the first
postpartum year. Among 4,273 women assessed 2-7 years after
delivery, previous adverse pregnancy outcomes were associated
with higher predicted 30-year cardiovascular disease risk, with
risk increasing as adverse pregnancy outcomes accumulated [31].
These findings support repeated assessment during the inter-
pregnancy period rather than treating postpartum review as a
single encounter.

Blood Pressure and Cardiometabolic Risk Management

Blood-pressure control is a central component of
cardiovascular prevention after HDP. Persistent hypertension
should be identified appropriately,
management should transition from acute postpartum care
to long-term cardiovascular risk reduction. Current guidance
recommends sustained blood-pressure management together
with assessment of lipid and glucose abnormalities and other
modifiable cardiovascular risk factors [11]. Self-management

and remote approaches may complement conventional care. A

and treated while

2025 systematic review and meta-analysis of 16 studies involving
2,200 women found that self-care interventions were associated
with modest reductions in systolic and diastolic blood pressure
and a lower risk of postpartum hypertension readmission,
although evidence remained insufficient to establish effects
on chronic hypertension or cardiovascular events [33]. Thus,
these approaches should be viewed as adjuncts to, rather than
substitutes for, clinical risk-factor management. Cardiometabolic
management should extend beyond blood pressure to obesity,
dyslipidemia, impaired glucose regulation, physical inactivity,
and nicotine exposure. The inter-pregnancy period allows these
factors to be identified and modified before another pregnancy.
Preconception cardiovascular optimization is particularly relevant
because cardiovascular health before conception influences both
pregnancy outcomes and longer-term maternal health [12,30].

Lifestyle and Preconception Risk Modification

Lifestyle modification should form a core component of
inter-pregnancy cardiovascular prevention. Dietary quality,
regular physical activity, healthy weight management, smoking or
nicotine cessation, and other components of cardiovascular health
should be addressed within an individualized preconception plan
[11,30,34]. The objective is to establish sustainable cardiovascular
health rather than simply optimize readiness for a subsequent
pregnancy. Recent intervention evidence provides preliminary
support for structured approaches. A 2025 prospective study of
190 women with previous HDP found thata 12-month technology-
enabled behavior-change program involving health coaching
and primary-care risk-factor management was associated with
reductions in cardiovascular risk scores, body weight, waist
circumference, hypertension, metabolic syndrome, and selected
lipid measures, alongside improvements in physical activity,
diet, and medication adherence [35]. Because the study used a
single-arm pre-post design, these findings support feasibility and
potential benefit but do not establish causality. Preconception
management should also include review of antihypertensive
and other cardiometabolic medications, optimization of existing
conditions, and appropriate reproductive planning. Effective
control of hypertension and diabetes before conception may
reduce the risk of subsequent adverse pregnancy outcomes
while simultaneously addressing established cardiovascular risk
[12,30].

Integrated Inter-Pregnancy Care Models

Sustained prevention requires effective transition from
obstetric care to primary and cardiovascular care. Obstetric
services provide an important entry point for identifying HDP
and initiating postpartum risk assessment, whereas primary
care and cardiovascular services are essential for longer-
term management of hypertension, metabolic risk, lifestyle
factors, and future pregnancy planning. The AHA therefore
emphasizes coordinated, multidisciplinary approaches that
extend beyond the immediate postpartum period [12]. Recent
implementation evidence supports structured care pathways. In
a 2025 retrospective cohort study, establishment of a dedicated
postpartum cardiovascular care pathway for women with HDP
was associated with markedly higher rates of cardiometabolic
screening during the first postpartum year, including lipid testing,
lipoprotein(a), apolipoprotein B, and HbAlc assessment [36].
Although the study assessed screening rather than cardiovascular
events, it demonstrates that structured pathways can improve
implementation of preventive assessment. Dedicated postpartum
cardiovascular prevention clinics may further strengthen
continuity and patient engagement. In a 2025 mixed-methods
study, participants attending a postpartum cardiovascular
prevention clinic reported improved understanding of their
condition and healthy behaviors, while a combination of in-
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person and virtual follow-up was preferred [37]. However,
evidence for effects on long-term cardiovascular events remains
limited, supporting the need for prospective outcome studies.
Implementation must also account for unequal access to
preventive care. Analysis of 42,858 postpartum individuals with
HDP in the United States found substantial socioeconomic and

racial/ethnic differences in postpartum visit attendance, while
many women who attended visits reported not receiving lifestyle
counseling, smoking assessment, or diabetes testing [38]. Such
gaps indicate that effective inter-pregnancy models require not
only clinical integration but also accessible and equitable delivery
of preventive services (Figure 4).
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Figure 4: Strategies and timeline for cardiovascular risk reduction after adverse pregnancy outcomes. The figure summarizes key
cardiovascular risk-reduction strategies across the early postpartum, mid-to-late postpartum, and long-term/interpregnancy periods,
emphasizing blood-pressure monitoring, cardiometabolic risk assessment, lifestyle modification, care transition, and continued

Long-Term Cardiovascular Surveillance

Long-term cardiovascular surveillance after Hypertensive
Disorders of Pregnancy (HDP) should extend beyond the early
postpartum periodbecause cardiovascularandrenalabnormalities
may persist or become clinically apparent years after delivery.
Surveillance therefore needs to move from short-term blood-
pressure follow-up toward periodic assessment of blood pressure,
cardiometabolic health, renal function, and selected vascular or
cardiac markers. Current guidance recognizes the increased
long-term cardiovascular and cardiometabolic risk associated
with previous gestational hypertension and preeclampsia,
while emerging research is investigating biomarkers, advanced
echocardiography, and non-invasive hemodynamic monitoring for
more individualized risk detection [39-41].

Blood pressure and Cardiometabolic Monitoring

Blood pressure should remain the foundation of long-
term surveillance after HDP. Women with previous gestational

hypertension or preeclampsia remain at increased risk of
developing chronic hypertension and other cardiovascular risk
factors, making periodic BP assessment important even when
pregnancy-associated hypertension has resolved. The 2025 AHA/
ACC hypertension guideline emphasizes continued follow-up of
individuals with previous pregnancy-associated hypertension
and recognizes their elevated risk of subsequent cardiometabolic
disease [40]. Long-term surveillance should also include body
weight, lipid profile, glucose regulation, and lifestyle-related
risk factors. Early postpartum screening is clinically relevant
because women assessed within 6-12 months after HDP have
greater detection of hypertension, dyslipidemia, prediabetes,
and diabetes than those screened later [32]. Thus, surveillance
should begin during the first postpartum year and continue
periodically thereafter rather than being limited to a single
postpartum assessment. Home BP monitoring and telehealth can
complement clinic-based surveillance by increasing opportunities
to detect abnormal BP between visits. Evidence from remote
postpartum hypertension programs indicates improved BP
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monitoring and clinical follow-up, although these approaches
should remain integrated with clinician-directed care rather than
replace longitudinal cardiovascular assessment [42]. The 2025
hypertension guideline similarly recognizes home BP monitoring
and team-based telehealth as useful components of postpartum
BP management [40].

Renal and Vascular Risk Assessment

Renal surveillance is an important but frequently
underemphasized component of long-term follow-up after
HDP. Preeclampsia and other adverse pregnancy outcomes are
associated with increased subsequent risk of chronic kidney
disease, supporting consideration of renal assessment alongside
cardiovascular monitoring [39,43]. Renal evaluation may include
serum creatinine with estimated glomerular filtration rate and
urinary albumin or protein assessment, particularly among
women with severe or recurrent preeclampsia, persistent
hypertension, pregnancy-associated kidney injury, or other

clinical indicators of renal disease. The cardio-renal relationship

is particularly relevant because hypertension, endothelial
dysfunction, and renal impairment may reinforce one another
after pregnancy. Davidson et al. [39] describe long-term
cardio-renal-metabolic complications following preeclampsia,
highlighting the need for surveillance that extends beyond
conventional cardiovascular risk factors. Crump et al. [43] further
demonstrated associations between adverse pregnancy outcomes
and subsequent chronic kidney disease, supporting pregnancy
history as an important component of later renal risk assessment.
Vascular surveillance may provide additional information in
selected high-risk individuals. Persistent microvascular and BP
abnormalities have been demonstrated years after preeclampsia,
suggesting that apparently resolved pregnancy hypertension may
leave measurable vascular alterations [44]. However, specialized
measures of endothelial or microvascular function are not yet
established as routine population screening tools and are better
considered within targeted clinical assessment or research
settings [6] (Table 3).

Table 3: Core domains of long-term cardiovascular surveillance after hypertensive disorders of pregnancy.

Surveillance domain

Key assessment

Clinical purpose

Blood pressure and cardiometabolic
health

Blood pressure, BMI/weight, lipid profile, glucose/HbA1lc

Detect persistent hypertension and modifiable
cardiovascular risk

Renal health

Serum creatinine/eGFR; urine albumin or protein when
indicated

Identify chronic kidney disease and persistent
renal injury

Vascular and cardiac health

Clinical vascular assessment; echocardiography or vascu-
lar testing when indicated

Detect subclinical vascular or myocardial dys-
function

Care continuity

Documented HDP history and linkage to primary/cardio-
vascular care

Ensure sustained risk-based follow-up across
the life course

Emerging surveillance

Circulating biomarkers, global longitudinal strain, non-in-
vasive hemodynamic assessment

Refine early detection and cardiovascular risk
stratification

Adapted from Crump et al. [43]; Lewey et al. [11]; Jalmby et al.
[44]; Alfaré et al. [41]

Transition from Obstetric to Primary and
Cardiovascular Care
Long-term surveillance requires a clear transition

from pregnancy-specific care to longitudinal primary and
cardiovascular care. The obstetric encounter provides an
opportunity to document the HDP phenotype and initiate risk
assessment, but continued surveillance should become integrated
into routine primary-care or cardiovascular prevention pathways.
An enhanced postpartum transition program demonstrated
that structured referral from obstetric care to primary care
was associated with greater completion of primary-care visits,
cholesterol testing, and HbAlc assessment during the first 13
months postpartum [45]. The transition should therefore involve
more than a referral letter. Relevant pregnancy history, including
HDP subtype, severity, gestational age at onset, recurrence,
and associated complications, should be communicated to

the clinician responsible for long-term care. This information
can then be incorporated into subsequent cardiovascular and
renal risk assessment. Such continuity is particularly important
because cardiovascular risk may become increasingly apparent
after the immediate postpartum period, when contact with
obstetric services naturally declines. A life-course approach
is consequently more appropriate than a pregnancy-limited
model. Recent literature emphasizes the need to integrate BP
management, cardiometabolic prevention, risk stratification, and
long-term follow-up after HDP rather than treating pregnancy-
associated hypertension as an isolated episode [2,46].

Emerging Biomarker Surveillance

Approaches

and Digital

Emerging approaches may eventually improve identification
of women whose cardiovascular vulnerability persists despite
apparently normal conventional measurements. Alfaré et al. [41]
reviewed circulating biomarkers, advanced echocardiography,
and non-invasive hemodynamic

monitoring as potential
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approaches for cardiovascular risk prediction after preeclampsia.
Candidate biomarkers include antiangiogenic factors such as
Soluble Fms-like Tyrosine Kinase-1 (sFlt-1) and soluble endoglin,
inflammatory markers such as interleukin-6, and markers of
cardiac stress such as activin A. Global longitudinal strain has
also attracted attention as a sensitive measure of early myocardial
dysfunction, while non-invasive hemodynamic monitoring may
provide additional information about cardiovascular adaptation.
Recent work also supports investigation of placental biomarkers
as potential indicators of later cardiovascular vulnerability. Mery
et al. [47] examined placental antiangiogenic and inflammatory
markers in relation to postpartum cardiovascular risk following
preeclampsia, contributing to the emerging concept that
pregnancy-derived biological information may complement
conventional post-pregnancy risk assessment. However, these
approaches remain investigational and require validation in
larger prospective populations before they can be incorporated

into routine surveillance. Digital approaches are more
immediately applicable. Home BP monitoring, telehealth follow-
up, electronic reminders, and remote clinical review can increase
opportunities for surveillance, particularly for individuals who
face barriers to repeated in-person care [40,42]. Their principal
value is currently in improving monitoring and continuity rather
than replacing established clinical assessment. Overall, long-
term surveillance after HDP should combine routine clinical
monitoring with risk-adapted renal and vascular assessment
and emerging technologies where clinically appropriate. BP and
cardiometabolic measurements should remain the foundation,
while renal assessment addresses an important parallel pathway
of long-term morbidity. Biomarkers, advanced cardiac imaging,
and digital monitoring may eventually permit more individualized
surveillance, but their clinical utility remains under active

investigation [41,48] (Figure 5).
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Figure 5: Long-term cardiovascular surveillance after hypertensive disorders of pregnancy. The framework integrates routine blood-
pressure and cardiometabolic monitoring with risk-adapted renal and vascular assessment, emerging biomarker and cardiac-imaging
approaches, and digital surveillance to support longitudinal cardiovascular risk detection and stratification.
Source: Alfaré et al. [41].
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Translating Pregnancy History into Cardiovascular
Prevention

Pregnancy history provides a clinically relevant window for
identifying women who may benefit from earlier cardiovascular
risk assessment and prevention. Adverse pregnancy outcomes,
particularly hypertensive disorders of pregnancy, gestational
diabetes, preterm birth, and fetal growth restriction, are associated
with increased subsequent cardiovascular risk and should
therefore be incorporated into routine cardiovascular history-
taking and risk assessment [49]. Following an adverse pregnancy

outcome, assessment of blood pressure, glucose metabolism,
lipid profile, body weight, and other conventional cardiovascular
risk factors can help identify modifiable risks before clinical
cardiovascular disease develops. Hypertensive disorders
warrant particular attention because persistent or recurrent
hypertension after pregnancy contributes substantially to long-
term cardiovascular risk [1]. The postpartum period consequently
represents an important transition from pregnancy-related care to
lifelong cardiovascular prevention. Rather than limiting follow-up
to resolution of the pregnancy complication, care should include

individualized lifestyle counseling, optimization of blood pressure

How to cite this article: Marizu Chidera G, Ochuele Dominic A, Moses Adondua A, Micheal Oladosu A, Temitope Olamide A.Hypertension in Pregnancy
and Future Cardiovascular Disease Risk: A Narrative Review of Endothelial Dysfunction Pathways, Inter-Pregnancy Care Models, and Long-Term
Surveillance. Anatomy Physiol Biochem Int J: 2026; 8(3): 555743. DOI: 10.19080/APBIJ.2025.08.555743


http://dx.doi.org/10.19080/APBIJ.2026.08.555743

Anatomy Physiology & biochemistry international journal

and metabolic risk factors, and appropriate referral for continued
primary-care or cardiovascular follow-up [11, 50]. Preconception
assessment also provides an opportunity to identify and modify
cardiovascular risk factors before subsequent pregnancy,
particularly among women with previous adverse pregnancy
outcomes [30]. Integrating pregnancy history into electronic
health records and routine clinical documentation could improve
continuity of risk recognition across obstetric, primary-care,
and cardiovascular services [11,50]. However, translating this
evidence into routine practice remains constrained by fragmented
healthcare systems, inconsistent documentation of pregnancy

complications, limited postpartum follow-up, and insufficient
awareness of the long-term cardiovascular implications of
adverse pregnancy outcomes. Strengthening communication
between obstetric and primary-care providers, standardizing
postpartum cardiovascular assessment, and improving patient
education could facilitate earlier identification and management
of modifiable risk factors [11]. Thus, pregnancy history should be
viewed not simply as a record of previous reproductive events, but
as a clinically actionable component of life-course cardiovascular
prevention, enabling risk recognition and preventive intervention
at an earlier stage [30, 49] (Figure 6).

e B\
Conditions:
Hypertensive disorders of pregnancy {(chronic hypertension,
gestational hypertension, preeclampsia, eclampsia, HELLP syndrome)
Gestational diabetes mellitus
IUGR {intrauterine growth retardation)
Preterm birth (idiopathic/spontaneous)
Placental abruption
Obesity/excessive pregnancy weight gain/post-partum weight retention
Sleep disorders; moderate-to-severe obstructive sleep apnea
Maternal age older than 40 years
Cardiovascular risk screening within 3 months post-partum
Medical Hi Physical E - - Lal E
Smoking history Resting blood pressure Lipid profile
Physical activity and heart rate Diabetes screening
Breastfeeding Body mass index and Urine
PRiEL OF hypartansion, waist circumferance prqtein:crentinine
diabetes, CVD ratio
First degree family
history of CVD, HTMN, DM
Figure 6: Recommendations for cardiovascular risk screening after adverse pregnancy outcomes. The figure summarizes recommended
postpartum cardiovascular risk screening following adverse pregnancy outcomes, incorporating medical history, physical examination, and
laboratory assessment.
Source: Cho et al. [46].
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Future Directions

Future research should move beyond establishing associations
between adverse pregnancy outcomes and cardiovascular disease
toward developing validated approaches for risk prediction,
early intervention, and long-term prevention. Existing evidence
supports pregnancy history as an important cardiovascular risk
marker, but its incremental value when added to conventional
risk factors remains inconsistent, highlighting the need for
validated female-specific prediction models that appropriately

incorporate the type, severity, timing, and cumulative burden of
adverse pregnancy outcomes [51,52]. Prospective studies should
also determine whether systematic postpartum assessment
targeted lifestyle or pharmacological
translate into reductions in long-term cardiovascular events,
as large-scale intervention trials remain limited [49]. Future
studies should additionally prioritize diverse populations and
implementation research, particularly in settings where maternal
and cardiovascular services remain poorly integrated. Research
should examine practical models for incorporating pregnancy

and interventions
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history into electronic health records, primary-care workflows,
and longitudinal cardiovascular assessment, while evaluating
barriersrelated to healthcare access and continuity of care. Greater
attention to preconception and interpregnancy prevention may
further enable earlier modification of cardiometabolic risk before
subsequent pregnancies [30]. Collectively, these priorities can help
transform pregnancy history from a retrospective clinical record
into a standardized component of life-course cardiovascular risk
assessment and prevention.

Conclusion

Pregnancy provides a valuable window into a woman’s
future cardiovascular health, as adverse pregnancy outcomes
can reveal underlying or emerging cardiometabolic vulnerability
long before clinical cardiovascular disease becomes apparent.
Recognizing pregnancy history as part of routine cardiovascular
assessment creates an opportunity for earlier identification of
risk, timely modification of preventable factors, and continuity of
care beyond the postpartum period. Integrating obstetric history
with conventional cardiovascular risk assessment, strengthening
postpartum and primary-care follow-up, improving
coordination across healthcare services can help establish a more
effective life-course approach to prevention. Ultimately, pregnancy
should be viewed not only as a reproductive event but also as an
important opportunity to initiate sustained cardiovascular health
promotion and reduce the long-term burden of cardiovascular

and

disease among women.
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