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Pregnancy provides a unique physiological stress test for the cardiovascular system, during which, adverse pregnancy
outcomes (APOs) can unmask latent susceptibility to future disease. Common complications, including hypertensive
disorders of pregnancy (HDP), gestational diabetes, and preterm birth (delivery before 37 weeks’ gestation), identify
women at substantially higher long-term risk of cardiovascular morbidity and mortality compared with women
without a history of APOs. These excess risks likely reflect the combined effects of pre-existing cardiometabolic and
genetic susceptibility, as well as the haemodynamic and metabolic stressors of pregnancy, heralding accelerated risk
factor trajectories, relative impairment in endothelial and microvascular function, and early disease onset. This final
Review in the Series extends the focus from cardiovascular disease during pregnancy and HDP to the long-term
cardiovascular implications of APOs after delivery. We synthesise epidemiological data quantifying cardiovascular
risk across major APO phenotypes and emerging evidence linking maternal APO history with cardiometabolic risk
trajectories in offspring. We also delineate putative mechanistic pathways and summarise guidelines and consensus-
informed recommendations for short-term and long-term follow-up after APOs. Finally, we propose practical
approaches for integrating APO history into cardiovascular disease risk assessment and guideline-directed prevention
across the female life course. We highlight key knowledge gaps, including uncertainty about optimal follow-up
models, the limitations of current risk-stratification tools, and the absence of APO-specific prevention trials. We also
outline priorities for mechanistic and implementation research. Positioning APOs as early, sex-specific indicators of
cardiovascular risk offers a key window of opportunity to shift prevention upstream and improve cardiovascular

health outcomes for women.

Introduction

Although  age-standardised cardiovascular  disease
mortality in women declined globally by 1-5% per year
from 1990 to 2019, progress has slowed since 2010, with
mortality now rising in roughly one in eight countries.!
This shift likely reflects rising cardiometabolic risk in
women of reproductive age, delayed diagnosis, the
underuse of guideline-directed therapies, and incomplete
recognition of sex-specific risk factors, such as adverse
pregnancy outcomes (APOs).** Hypertensive disorders of
pregnancy (HDP), gestational diabetes, preterm birth
(before 37 weeks gestation), and other placental
syndromes—such as small-for-gestational-age (SGA) birth
and placental abruption—are common complications of
pregnancy that have been consistently associated with
increased long-term risks of hypertension, heart failure,
stroke, coronary artery disease, and premature
cardiovascular mortality. Emerging data suggest that these
associations likely reflect a combination of shared
upstream  cardiometabolic risk factors, subsequent
accelerated development of conventional risk factors in the
years following delivery, and possible pregnancy-induced
vascular injury or susceptibility. Building on foundational
epidemiology, several professional societies now recognise
selected APOs as sex-specific risk-enhancing factors and
recommend more intensive postpartum risk assessment.”*
However, APOs are rarely incorporated in risk stratification,
guideline-directed treatment thresholds, or structured

postpregnancy care pathways, and key questions exist
regarding optimal care for this population. This issue is
particularly relevant in primary care, in which prevention
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We searched PubMed and MEDLINE from database inception to Dec 15, 2025, for articles
published in English. We searched for meta-analyses, large population-based cohort
studies, case-control studies, randomised trials, systematic reviews, and major worldwide
guidelines examining the association between adverse pregnancy outcomes and later
cardiovascular risk, mechanistic pathways, and postpartum prevention strategies. Core
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To ensure contemporary relevance, we focused on manuscripts published since 2015, and
also included earlier landmark studies. For epidemiological estimates of cardiovascular
risk, we preferentially extracted effect sizes from high-quality meta-analyses; when these
were unavailable, we used estimates from the largest and most methodologically
rigorous cohort or case-control studies. Additional references were identified through
manual review of bibliographies and input from co-authors with expertise in cardio-
obstetrics, cardiovascular epidemiology, and preventive cardiology.
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decisions often rely on short-term absolute risk estimates
that might not capture elevated lifetime or premature
cardiovascular disease risk in young women. As the final
Review in this three-part Series—following companion
Reviews on cardiovascular disease in pregnancy and on
HDP—we extend the focus across the span of pregnancy
and beyond. We synthesise evidence linking major APOs
to laterlife maternal cardiovascular disease, integrate
emerging evidence on offspring cardiometabolic risk after
APOs, delineate putative mechanisms, and translate
established associations into a practical prevention
framework, while critically appraising the limitations of
current risk-stratification tools and outlining priorities for
future research.

Key messages

« Cardiovascular disease in pregnancy is a major global
contributor to maternal morbidity and mortality, with
substantial variation in disease phenotype, recognition,
access to specialist care, and outcomes across health
system and resource settings

+ Hypertensive disorders of pregnancy are the most
common cardiovascular complication of pregnancy and
require risk-stratified, resource-adapted approaches to
prediction, prevention, treatment, and postpartum blood
pressure management

 Adverse pregnancy outcomes identify women with
increased long-term cardiovascular risk—pregnancy
history should be documented and communicated
beyond obstetric care to support life course prevention
through risk-based surveillance and guideline-directed
management of established modifiable risk factors

Cardiovascular | Chronic Heart failure Coronary Stroke
mortality hypertension heart disease
Gestational 1.7 1.8 1.5-1-8 1.2-1-8
hypertension
Pre-eclampsia 1.5-2.1 1.7-2
Gestational 1.4-1.7 1.5
diabetes
Preterm birth 1.5 1.7
Stillbirth 1.2-1.4* A3l 1417
Miscarriage 105t No association 1.3-1.5 1.1%
Placental 111 1.7t 1.61 1-4t
abruption

Figure 1: Relative risk of future cardiovascular disease after adverse pregnancy outcomes

Values represent approximate ranges of relative effect estimates (ie, relative risk, hazard ratio, or odds ratio)
derived primarily from meta-analyses. APO=adverse pregnancy outcome. *Estimates vary by APO severity, timing,
or clustering of other APOs (eg, severe or preterm phenotypes confer increased risk). TEstimates taken from large
cohort studies in the absence of meta-analysis. $Other meta-analyses showed no association.

Adverse pregnancy outcomes and risk of
cardiovascular disease

Despite representing distinct and heterogeneous
clinical entities, HDP, gestational diabetes, preterm
birth, and other placental syndromes have been
associated with an increased long-term risk of
cardiovascular disease, underscoring pregnancy as a
female-specific window into future cardiovascular risk
(figure 1). Relevant APO definitions are summarised in
panel 1. Risks are further amplified in APOs when
complications recur or cluster within or across
pregnancies, particularly when pre-eclampsia results in
preterm birth, a phenotype associated with markedly
higher long-term cardiovascular mortality than either
complication alone.*™ Beyond traditionally defined
cardiovascular disease, a history of APOs has also been
linked to increased risks of type 2 diabetes, chronic
kidney disease, and vascular dementia, indicating
broader risk across the cardiovascular—kidney-metabolic
spectrum.”™ We focus on cardiovascular endpoints in
this Review, recognising these broader cardiovascular—
kidney-metabolic sequelae as crucial targets for future
investigation and prevention. Observed associations
should be interpreted in the context of heterogeneity in
APO definitions, outcome ascertainment, follow-up
duration, covariate adjustment, and potential
surveillance bias after complex pregnancies.

HDP

As discussed in the second paper in this Series,” HDPs
make up a heterogeneous spectrum, with substantial
variation in definitions, severity, prediction, and
management. HDPs have the largest and most consistent
associations with subsequent cardiovascular morbidity
and mortality (figure 1). Meta-analyses indicate
approximately 2-7 times and 1-7 times higher odds of
future cardiovascular disease after pre-eclampsia and
gestational hypertension, respectively.” Compared with
normotensive pregnancies, cardiovascular risk begins to
differ within the first year of HDP, and continues to
increase over time.®™” Furthermore, mediation analyses
suggest that conventional cardiovascular risk factors
account for between half and two-thirds of this
association, underscoring that HDP history conveys
prognostic information not fully captured by standard
risk profiles.**

Notably, this association varies in strength according to
the subtype of HDP. Preterm, severe, and recurrent pre-
eclampsia are associated with increased long-term
cardiovascular disease risk.”**? Women with recurrent
pre-eclampsia appear to have an approximately two times
higher risk of cardiovascular disease than those who had
a single episode.” Additionally, the co-occurrence of pre-
eclampsia and preterm birth has been associated with a
four times to ten times increased risk of cardiovascular
mortality, and a graded dose—response is observed across
increasingly severe phenotypes.””
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Panel 1: Definitions of adverse pregnancy outcomes*

Hypertensive disorders of pregnancy (HDP)

Spectrum of conditions characterised by sustained

hypertension (ie, blood pressure 2140/90 mm Hg) during

pregnancy or the postpartum period, including:

+ Chronic hypertension: pre-existing hypertension or
diagnosed before 20 weeks’ gestation.

+ Gestational hypertension: the American College of
Obstetricians and Gynecologists (ACOG) and the
International Society for the Study of Hypertension in
Pregnancy (ISSHP) define gestational hypertension as
de novo hypertension at 20 weeks’ gestation or more in the
absence of proteinuria or other signs of pre-eclampsia.

+  Pre-eclampsia: ACOG define this as new-onset hypertension
(2140/90 mm Hg) after 20 weeks' gestation, with either
proteinuria or evidence of end-organ dysfunction (see later;
pre-eclampsia with severe features). ISSHP define pre-
eclampsia as new-onset hypertension (=140/90 mm Hg) at
20 weeks' gestation or more, with proteinuria or maternal
end-organ dysfunction or uteroplacental dysfunction
(including placental abruption, angiogenic imbalance, fetal
growth restriction, altered umbilical artery Doppler
waveform analysis, or intrauterine fetal death).

+ Chronic hypertension with superimposed pre-eclampsia.

+ Pre-eclampsia with severe features: pre-eclampsia with any
of the following features—severe hypertension (blood
pressure >160/110 mm Hg), thrombocytopenia (platelets
<100 000/pL), impaired liver function (aminotransferases
>2 times normal limits, or severe persistent right
upper quadrant or epigastric pain), renal insufficiency
(creatinine >1-1 mg/dL [per ACOG] or 290 pmol/L
[per ISSHP]), pulmonary oedema, new-onset headache
unresponsive to medication, or visual disturbances.

+ Eclampsia: new-onset generalised tonic—clonic seizures ina
woman with pre-eclampsia, which cannot be attributed to
other causes.

+ Haemolysis, elevated liver enzymes, low platelets syndrome:
pre-eclampsia accompanied by lactate dehydrogenase
=600 IU/L, aspartate aminotransferase and alanine
aminotransferase elevated more than twice the upper limit
of normal, or a platelet count <100 000 x 10°/L.

Among long-term sequelae, the most robust and well
established association occurs between HDP and
subsequent chronic hypertension. Meta-analyses and
large cohort studies consistently show a three times to
six times increased long-term risk of developing chronic
hypertension following HDP.”*** This excess risk is
most pronounced in the first year postpartum, when the
relative risk increases 10-18 times compared with
normotensive pregnancies, and is elevated for decades
thereafter.”**

Beyond chronic hypertension, heart failure is most
strongly associated with previous HDP, portending a
two times to four times increased risk in the decades

Gestational diabetes

Glucose intolerance with onset or first recognition during

pregnancy. Diagnostic criteria are as follows:

» US (ACOG and ADA): two-step approach (50 g screen, 100 g
diagnostic). Diagnosis requires =2 times normal limits.

»  WHO and ISSHP: one-step approach (75 g diagnostic).
Diagnosis requires =1 normal limits.

Preterm birth
Any birth before 37 completed weeks of gestation (<259 days).

Stillbirth

» US (ACOG and Centers for Disease Control and Prevention):
fetal death at 20 weeks' gestation or more (or fetal weight
>350 g if gestational age unknown).

+  WHO: fetal death at 28 weeks or more (or fetal weight
>1000 g) to ensure consistency with low-resource settings.
Definitions in Europe vary by country.

Small for gestational age (SGA)

Statistical definition of size expressed as a birthweight below
the tenth percentile for gestational age. Includes both
constitutionally small (ie, healthy) infants and those with
pathological growth restriction.

Placental abruption
Premature separation of a normally implanted placenta from
the uterine wall (ie, decidua) before delivery of the fetus.

Miscarriage

+ ACOG: loss of pregnancy before 20 weeks’ gestation.

+  WHO: loss of pregnancy before 22 weeks’ gestation or a
fetal weight of 500 g. Definitions in Europe varies by
country.

*Adverse pregnancy outcome categories are not mutually exclusive. Preterm birth, SGA,
placental abruption, and stillbirth might co-occur with HDP or reflect overlapping placental
vascular pathology. SGA is a birthweight-based definition that includes both
constitutionally small infants and infants with fetal growth restriction due to placental
dysfunction or other pathology; consider source studies distinguishing fetal growth
restriction from SGA when interpreting long-term cardiovascular disease risk. Detailed
definitions of HDP and guideline variation are reviewed in the second paper in this Series.®

postpartum.?** Excess heart failure risk extends to both
ischaemic and non-ischaemic aetiologies,” and to heart
failure with both preserved and reduced ejection
fraction. 78+

Women with a history of HDP also face an approximately
two times increased risk of atherosclerotic cardiovascular
disease, including coronary heart disease, stroke, and
peripheral artery disease.”"®*#*#%%  \ithin the
atherosclerotic cardiovascular disease spectrum, stroke
shows the most consistently elevated risk, with both pre-
eclampsia and gestational hypertension associated with
increased rates of ischaemic and haemorrhagic events,
although evidence is more consistent for ischaemic
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stroke.™ Beyond heart failure and atherosclerotic
cardiovascular disease, HDPs have been linked to
increased long-term risks of valvular disease, such as
aortic stenosis,” and to atrial fibrillation and other
arrhythmias, although associations with arrhythmic
outcomes have been less consistent.™®?#-

Gestational diabetes

Beyond its well established seven times to ten times
increased risk of subsequent type 2 diabetes,”*
gestational diabetes is independently associated with a
1-3 times to two times increased risk of future
cardiovascular  disease, including atherosclerotic
cardiovascular disease and heart failure.””**** This
excess risk emerges within the first decade postpartum
and persists even in those who do not develop type 2
diabetes.*®**® Notably, women with previous gestational
diabetes and sustained normoglycaemia show a
two times increased prevalence of coronary artery
calcification in midlife.”

Preterm birth

Preterm birth is also associated with increased
long-term cardiovascular risk, albeit with more modest
effect sizes.”** Large cohort studies and meta-analyses
show that women who deliver preterm have
approximately 1-4 times to three times higher risks of
atherosclerotic cardiovascular disease, heart failure, and
cardiovascular mortality than women who deliver at
term.*”* Pre-eclampsia accounts for approximately 6%
of all preterm births and 19% of medically indicated
preterm births, reflecting substantial overlap between
preterm birth and HDP.” However, preterm birth is
associated with later cardiovascular disease after
adjustment for co-occurring APOs, supporting its role
as an independent risk factor."”® This excess risk
follows a clear gradient by gestational age, with the
highest risks seen after very preterm births (before
32 weeks' gestation) and with recurrent preterm
deliveries. (26467

Other pregnancy complications linked to future
cardiovascular disease

Pregnancy complications reflecting impaired placental
development or function, including stillbirth, SGA birth,
and placental abruption, are associated with premature
cardiovascular  disease, particularly atherosclerotic
cardiovascular disease.””””” As with other APOs, the
risks are increased when these placental syndromes recur,
cluster, or co-occur with traditional cardiovascular disease
risk factors, and might vary across placental phenotypes.”
Previous stillbirth or placental abruption is associated
with a 1-5 times to two times increased cardiovascular
disease risk,*"”” whereas SGA birth is associated with a
more modest excess risk that becomes more pronounced
when the condition is severe or accompanied by other
APOs, such as preterm birth or HDP.”¢*7 Recurrent

miscarriage has also been linked to increased risks of
coronary heart disease and stroke, although effect sizes
are smaller and more heterogeneous.””%”*”* Placental
disorders are associated with a 20-50% increased risk of
heart failure.?¥”

Possible mechanistic pathways linking adverse
pregnancy outcomes to later-life cardiovascular
disease

Adverse pregnancy outcomes as markers of a
cardiometabolic risk continuum

Epidemiological data support a spectrum linking pre-
pregnancy cardiovascular health, APOs, and later-life
cardiovascular disease, whereby adverse cardiometabolic
profiles before and early in pregnancy increase the risk of
APOs and identify women with less favourable
postpartum risk factor trajectories. Preconception and
first trimester cardiovascular risk factors—including
elevated blood pressure, dysglycaemia, and excess
adiposity—are associated with a substantial risk of HDP,
gestational diabetes, preterm birth, and placental
dysfunction in a graded, dose-responsive way.*"*
Favourable first trimester cardiovascular health is
associated with markedly reduced HDP risk, even in
women with high genetic susceptibility, suggesting that
pre-pregnancy or early pregnancy optimisation might
partially mitigate inherited risk."

APOsare, in turn, followed by accelerated development
of conventional cardiometabolic risk factors. Compared
with women without APOs, those with previous APOs
show less favourable long-term trajectories of blood
pressure, adiposity, lipids, and glycaemic markers, with
sustained differences in insulin resistance observed for
over a decade postpartum.” These associations are
most pronounced for HDP and gestational diabetes,
which are linked to earlier onset and increased
incidences of chronic hypertension and type 2
diabetes,?***5215 M byt are also evident after other APOs,
especially when multiple APOs co-occur.'*"

Genetic evidence for shared risk with cardiovascular disease

Human genetics indicate that APOs share a common
genetic architecture with cardiovascular risk factors and
cardiovascular disease. Increased genetically predicted
blood pressure and BMI are strongly associated with HDP
risk,™ and blood pressure traits and HDP show high
genetic correlations (r=0-52-0-73)." Gestational diabetes
has a similarly high genetic correlation with type 2
diabetes.” Mendelian randomisation—a  statistical
genetics technique leveraging genetic variation in the
population to make causal inferences—with men as a
negative control group suggests that HDP, gestational
diabetes, and preterm birth are genetically associated with
coronary artery disease in both sexes.™"'” As males
cannot have APOs, these data support the notion that
APOs unmask a predilection to develop cardiovascular risk
factors, with at least part of the laterlife cardiovascular
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disease association reflecting shared liability, rather than a
causal effect of APOs.

Acceleration of ageing-related endothelial and microvascular
changes

Compared with men, women are disproportionately
burdened by microvascular-dominant cardiovascular
phenotypes, and  pregnancy—particularly = when
complicated by APOs—provides a window into underlying
endothelial and small-vessel susceptibility." Preterm birth,
SGA birth, and some HDPs are characterised by abnormal
placental  development and  maternal  vascular
malperfusion, which likely reflect impaired maternal
endothelial and microvascular reserve, rather than an
isolated placental process."

Histopathological ~evidence of maternal vascular
malperfusion is observed in approximately 30-60% of
APOs, and can predict recurrence of placental syndromes
in subsequent pregnancies.”” In the early postpartum
period, women with severe pre-eclampsia show impaired
coronary microvascular function with angiogenic
imbalance, as reflected by increased sFlt-1:placental growth
factor ratios associated with intensified dysfunction.
Over the following years, previous APOs, particularly
those with placental maternal vascular malperfusion, are
associated with an adverse vascular phenotype marked by
microvascular rarefaction, increased arterial stiffness,
increased carotid intima-media thickness, and impaired
peripheral microvascular reactivity.”™" Microvascular
dysfunction after pre-eclampsia has been shown across
multiple vascular beds, with coronary, retinal, and renal
microvascular impairment described years after birth.">"
Together, these findings support a model in which
microvascular dysfunction might be present before,
emerge during, or persist after complex pregnancies,
potentially contributing to the association between APOs
and later cardiovascular disease.

Other potential mechanistic pathways linking adverse
pregnancy outcomes to cardiovascular disease
Neurohormonal dysrequlation—imbalance between
vasoconstrictive and natriuretic pathways
APOs—particularly =~ HDP—are  associated  with
dysregulation of neurohormonal pathways governing
vascular tone, volume homoeostasis, and blood pressure
control. Women with previous pre-eclampsia have a
persistently increased vasoconstrictor response to
angiotensin II for at least 5 years postpartum, consistent
with a heightened sensitivity of the renin-angiotensin—
aldosterone system (RAAS).**** Circulating angiotensin IT
type 1 receptor agonist autoantibodies are frequently
detected in pre-eclampsia," correlate with disease severity
and angiogenic imbalance,”” and can persist in a subset of
women beyond delivery."*"

Experimental models further implicate RAAS
signalling in persistent hypertension after HDP. In an
sFlt-1 overexpression mouse model of pre-eclampsia,

mineralocorticoid receptor activation in vascular smooth
muscle cells promoted vasoconstriction and vascular
stiffness, whereas smooth muscle-specific mineralo-
corticoid receptor deletion conferred protection against
postpartum hypertension. These findings support a
model in which pre-eclampsia induces an enduring
sensitisation to RAAS-mediated stimuli, potentially
amplifying susceptibility to hypertension and vascular
dysfunction in the years following pregnancy.*
Counter-regulatory natriuretic peptide signalling
might modulate long-term cardiovascular disease risk
after APOs. Increased first trimester concentrations of
NT-proBNP are associated with reduced odds of
subsequently developing HDP and a reduced incidence
of chronic hypertension 2-7 years postpartum,
independent of confounders.® A  Mendelian
randomisation analysis subsequently validated this
association, supporting a putatively causal protective
role of natriuretic peptide signalling in pregnancy-
related blood pressure regulation.” Collectively, these
data suggest that HDP might reflect a state of relative
natriuretic peptide insufficiency in the setting of
heightened RAAS activity, pre-disposing affected
women to long-term hypertension and heart failure.

Inflammation and placental senescence

Inflammation represents a potential convergent pathway
linking APOs—particularly HDP—to persistent vascular
dysfunction.***  Pre-eclampsia is characterised by
systemic inflammatory activation that promotes
endothelial and microvascular injury.® An overlapping
pathway characterised by inflammatory cytokines and
other ageing-related secreted factors (eg, activin A) from
senescent placental cells in late gestation is the senescence-
associated secretory phenotype. This pathway is strongly
upregulated in both pre-eclampsia and peripartum
cardiomyopathy, and can trigger a cascade that promotes
accelerated cardiovascular ageing."® Activin A and IL-6
concentrations are associated with blood pressure and
ventricular remodelling 1-2 years postpartum after HDP,
supporting a link between pregnancy-associated
senescence signalling and persistent cardiovascular
injury."” Figure 2 summarises putative pathways linking
APOs with later cardiovascular disease.

Social determinants of health as upstream drivers of adverse
pregnancy outcome and cardiovascular disease risk
Social and structural determinants of health shape APO
and cardiovascular disease risk by amplifying cardio-
metabolic risk and influencing access to high-quality
preconception, antenatal, and postpartum care. In the
USA, more than 50% of pregnant women with the
highest burden of adverse social risks have suboptimal
cardiovascular health.*

Data from the UK suggest that a substantial proportion
of APOs is attributable to modifiable social inequities—
ie, an estimated 19% of preterm births, 24% of stillbirths,
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Figure 2: Potential mechanistic pathways linking APOs and cardiovascular
disease

The outer arrows depict the dynamic relationships between cardiometabolic risk
factors, APOs, and accelerated maternal and offspring cardiovascular disease
development. The central pathways—ie, shared genetic risk, inflammation,
endothelial and microvascular dysfunction, and neurohormonal imbalance—
represent overlapping mechanisms that might pre-dispose to APOs and
contribute to persistent postpartum cardiometabolic risk and later
cardiovascular disease. APO=adverse pregnancy outcome.

and 31% of births complicated by SGA birth would not
have occurred if all women had the same risk as those in
the least deprived socioeconomic group.” Similar
gradients are evident in the USA, with each 1-point
increase in a composite health-related social needs score
associated with 11% increased odds of APOs among
Black and Latina women.*™ Although comparable
population-level data are scarce in low-income and
middle-income countries, where the burden of APOs is
highest, social disadvantage is likely to exert an even
greater influence on pregnancy outcomes through
delayed access to care. Strategies to optimise pre-
pregnancy  cardiovascular health and  address
health-related social needs, particularly in disadvantaged
populations, might improve pregnancy outcomes and
subsequent cardiometabolic trajectories. Pregnancy and
the early postpartum period offer a pragmatic opportunity
to identify social risk and connect patients to targeted
supports.

Adverse pregnancy outcomes and
cardiovascular risk in offspring

APOs might also mark intergenerational transmission of
cardiometabolic risk. Beyond direct perinatal com-
plications, such as growth restriction, pregnancies
complicated by APOs are associated with increased
long-term cardiovascular and cardiometabolic risk in
offspring, thought to reflect adverse intrauterine
exposures that induce epigenetic modifications, vascular
dysfunction, and metabolic alterations during important
windows of fetal development.”"  Large-scale
epidemiological studies have shown that adults born
preterm have increased rates of hypertension,” type 1
and 2 diabetes,” new-onset heart failure " ischaemic
heart disease,”® stroke,” and premature cardiovascular

mortality.™ Elevated cardiometabolic risk has also been
reported in offspring exposed to HDP,**™ SGA birth,*
and gestational diabetes."

Although these perinatal exposures come together on
similar cardiovascular outcomes, studies suggest that
their associations are at least partly independent, and
might be mediated through distinct phenotypes. For
instance, although HDP, gestational diabetes, SGA birth,
and preterm birth are associated with higher blood
pressure in offspring than in their unexposed peers,**
the underlying vascular mechanisms might differ.
Offspring born preterm appear to have greater arterial
stiffness, whereas offspring of hypertensive pregnancies
have greater carotid intima-media thickness and lower
flow-mediated dilatation, despite similar magnitudes of
blood pressure elevation to their unexposed peers."
Cardiac remodelling also differs by exposure: individuals
born preterm show smaller ventricular volumes,
subclinical systolic and diastolic dysfunction, and
accelerated left ventricular hypertrophy from childhood
into adulthood," whereas cardiac alterations in
offspring of HDP, gestational diabetes, and SGA
pregnancies appear more subtle and heterogeneous
across cohorts, with less consistent evidence for
substantial remodelling.”"

Despite this growing body of evidence, long-term
cardiovascular risk in offspring exposed to APOs is not
routinely addressed in clinical guidelines. Consideration
of APO history in offspring risk assessment, coupled
with earlier cardiovascular screening of exposed children
and young adults, might offer opportunities to mitigate
intergenerational transmission of cardiometabolic risk.
This shared maternal-offspring risk also creates an
opportunity for prevention. As postpartum engagement
with maternal cardiovascular screening and prevention
strategies is often suboptimal,”™ framing prevention
around the shared cardiometabolic health of the mother
and child, as well as family-level lifestyle changes that
benefit both, might make cardiovascular risk
communication more relevant and actionable.

Interventions to address heightened
cardiovascular disease risk for disease prevention
Models of postpartum transitional care

The postpartum period is a key transition from
pregnancy-focused care to long-term cardiovascular
prevention, and requires coordinated input across
obstetric, primary care, cardiovascular, and community
health services.”* Table 1 summarises the postpartum
continuity-of-care framework. In practice, follow-up for
women with APOs is often fragmented, with unclear
ownership of cardiovascular risk assessment and
management. Emerging evidence supports structured
transition-of-care models for women with APOs;®*
however, studies are small, non-randomised, and limited
by short follow-up and uncertain effects on long-term
cardiovascular outcomes.
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A range of postpartum care models have been piloted,
commonly targeting women with HDP or gestational
diabetes. These models include multidisciplinary
postpartum  clinics, cardiometabolic risk-reduction
programmes, and  technology-enabled  remote
monitoring.™"  Programmes typically incorporate
standardised cardiometabolic risk screening between
6 weeks and 12 months postpartum, lifestyle counselling,
and facilitated transition to primary care. Previous
studies reported better process measures, such as
improved attendance at postpartum visits, increased
linkage to primary care, referrals to nutrition, increased
rates of cardiometabolic risk factor screening, and
modest short-term improvements in weight, blood
pressure, and physical activity in attendees. ™12

These approaches align with contemporary professional
guidance: the International Society for the Study of
Hypertension in Pregnancy, the American College of
Obstetricians and Gynecologists, and the American
Heart Association recommend structured postpartum
cardiovascular risk assessment and counselling for
women with APOs, including comprehensive review
within 6-12 weeks of delivery, repeat cardiometabolic
screening during the first postpartum year, explicit
documentation and handover of APO history to primary
care to support ongoing prevention and, where feasible,
leveraging wellbaby or paediatric visits as additional
opportunities for maternal screening and counselling.**!

Patient education and accessible longitudinal records are
also key enablers of effective postpartum transitional care.
Patient-facing pregnancy summaries (ie, paper, digital, or
hybrid) can facilitate communication between maternity,
primary, and specialty care, helping women understand

their long-term cardiovascular risk and follow-up plan."”
Digital tools can further support continuity by providing
standardised documentation, clinician prompts about the
timing and content of postpartum assessments,
educational resources, and tools for self-monitoring of
blood pressure and weight.*"*** For example, the FIGO
Pregnancy Passport®™ is a tool designed to ensure that
essential pregnancy data and risk flags accompany women
beyond delivery and guide providers on appropriate
follow-up testing and timing."®

Pharmacological and lifestyle interventions for
cardiovascular risk reduction

Contemporary professional guidelines recognise APOs
as markers of elevated cardiovascular disease risk, and
generally recommend at least one comprehensive
cardiometabolic evaluation within the first year
postpartum, typically 3-6 months after delivery, when
most pregnancy-related haemodynamic and metabolic
changes have resolved (table 2).°¢**° However, the
recommended targets and treatment strategies applied
are largely extrapolated from general primary prevention
evidence, rather than from APO-specific studies.
Furthermore, whether the early postpartum period offers
a time-sensitive opportunity to alter longer-term vascular
or cardiometabolic trajectories is unknown and might
vary by APO type and baseline risk. In this context, a
pragmatic, risk-based approach that emphasises early
identification and guideline-directed management of
established cardiometabolic risk factors, coupled with
longitudinal follow-up, is reasonable, even as optimal
timing, intensity, and treatment thresholds after APOs
are incompletely defined. In the following sections, we

0-6 months postpartum: recovery and linkage to care

6-12 months postpartum: structured cardiometabolic
risk assessment

Beyond 12 months: ongoing CVD prevention and
future pregnancy planning

Objectives

Where

Who

Key tasks

To manage residual complications, ensure a safe transition
from maternity to primary care, and establish awareness of
APO-CVD links and the need for ongoing follow-up

Hospital and community-based postnatal and maternity
clinics; coordinated with paediatric visits; transition
towards primary care or community clinics

Obstetricians, maternal-fetal medicine specialists,
midwives, primary care providers, nursing staff, and allied
health professionals (eg, dietitians, physiotherapists, and
social workers)

Comprehensive postpartum visit at around 6 weeks to
review pregnancy outcomes and manage residual
complications; document APO history and BP in the
medical record; do basic screening (eg, BP, weight, mood,
and anaemia), summarise cardiovascular risk, identify
women needing extended follow-up, communicate long-
term risks, and initiate handover to a primary care provider

APO=adverse pregnancy outcome. BP=blood pressure. CVD=cardiovascular disease.

To detect and treat emerging cardiometabolic risk factors
early, strengthen coordination between services, and
maintain continuity of care with primary care providers

Primary care settings; integrated mother—child clinics;
specialist postpregnancy or cardiometabolic clinics reserved
for patients identified as high risk and requiring specialised
care

Primary care providers; specialist input as required for
patients at high risk (eg, cardiologists, endocrinologists,
and nephrologists)

Primary care-led visits focused on structured
cardiometabolic risk assessment (eg, BP, BMI, waist
circumference, lipids, glucose, and renal indices),
integration of screening into routine care, adjustment or
initiation of treatment as indicated, referral to cardiology,
endocrinology, or nephrology for women at high risk, and
development of individualised lifestyle and preventive care
plans

To embed CVD prevention into routine adult care,
maintain long-term engagement of women with

previous APOs and optimise cardiovascular health
before and between pregnancies

Primary care clinics as usual site of care; community
health programmes; home or digital monitoring
platforms when available

Primary care provider as long-term coordinator;
obstetrician for reproductive counselling and future
pregnancy planning; specialists as needed

Ongoing preventive care in primary care, with periodic
reassessment of cardiovascular risk factors,
optimisation of antihypertensive, lipid-lowering, and
glucose-lowering therapies as needed, reinforcement
of healthy lifestyle, linkage to community or workplace
health resources, and re-engagement of obstetric or
cardio-obstetric specialists for preconception
counselling and planning of future pregnancies

Table 1: Postpartum continuity-of-care framework after adverse pregnancy outcomes
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Timing postpartum

Ongoing follow-up

HDP test
BP

Gestational diabetes test
7590GTT

Daily

4-12 weeks

glycaemic testing

All adverse pregnancy outcome tests

Weight, height, BMI, and waist circumference

BP

Fasting lipid profile with or without lipoprotein(a)

once, per local guidelines

Serum creatinine:eGFR; urine albumin:creatinine; or

protein:creatinine ratios

Edinburgh Postnatal Depression Scale or other
validated depression or anxiety screening tool

APO=adverse pregnancy outcome. BP=blood pressure. eGFR=estimated glomerular filtration rate. HDP=hypertensive disorders of pregnancy. OGTT=oral glucose tolerance test.

3-6 months

3-6 months as part of a
comprehensive evaluation

3 months after pregnancy-related
lipid changes have regressed

3-6 months

HDP)

3-6 months and earlier as part of
routine postpartum care

Home BP monitoring at least daily initially, then taper frequency once BP is controlled or
medications are stable; continue until BP is consistently normalised and medications are
discontinued if started; thereafter, assess BP at least annually when feasible; prioritise closer
follow-up for higher-risk APO phenotypes, elevated BP, or antihypertensive therapy

If within normal limits, screen for diabetes or prediabetes with fasting glucose or HbA,_ every
1-3 years; if prediabetes, intensify lifestyle therapy and consider metformin, with at least annual

Repeat at ~12 months to assess return to pre-pregnancy weight; at least annually thereafter in
primary care, especially if excess adiposity persists

At least annually for all women with previous APO; more frequently if elevated or on
antihypertensive therapy

If outside normal limits, repeat lipid test after 6-12 months of lifestyle intervention; thereafter per
guideline-directed intervals

Particularly in women with HDP and kidney injury during pregnancy; if outside normal limits,
repeat at least yearly; if within normal limits, repeat based on clinical risk (eg, every 1-3 years after

Screen at each clinical visit in the first postpartum year or whenever symptoms are suspected; refer
for treatment as indicated

Table 2: Suggested cardiometabolic and mental health screening after adverse pregnancy outcomes

synthesise guideline recommendations and outline a
practical framework for pharmacological and lifestyle
risk reduction across the postpartum and life course.

Early postpartum risk assessment and condition-
specific screening

Early assessment enables more deliberate prevention in
a population at heightened long-term cardiovascular risk.
Postpartum cardiovascular risk assessment should
explicitly address two domains: (1) cardiometabolic risk
factors requiring systematic screening and, when
atypical, guideline-directed treatment; and (2) health
behaviours and psychosocial drivers that shape risk
trajectories and care engagement. This assessment
should include standardised measurement of blood
pressure and anthropometrics, as well as assessment of
smoking status, physical activity, diet, sleep health, and
psychosocial stressors, with routine screening for
postpartum depression and anxiety. When feasible and
aligned with maternal preferences, breastfeeding is
associated in a dose-responsive way with reduced
long-term maternal cardiometabolic risk.*

Screening and management of cardiometabolic risk
factors

As discussed in the second paper in this Series,” HDPs in
women warrant early and intensive blood pressure
monitoring in the immediate postpartum period, as
optimising blood pressure control during this timeframe
can have durable effects on long-term cardiovascular
risk.”**  Guidelines recommend that women with
previous gestational diabetes undergo a 75 g oral glucose

204

tolerance test at 4-12 weeks postpartum,” which is
preferred over HDA, early after delivery because
haemoglobin turnover and peripartum blood loss might
mask dysglycaemia. However, when an early postpartum
75 g oral glucose tolerance test is not completed, fasting
glucose or HbA, obtained within the first year is a
reasonable alternative. Given the markedly elevated
lifetime diabetes risk in women with a history of
gestational diabetes, atypical results should prompt a
timely transition to primary care, initiation of intensive
lifestyle intervention, and consideration of metformin in
those with prediabetes and excess adiposity.”

Screening for dyslipidaemia is recommended after
3 months postpartum to allow lipid concentrations to
return to baseline, regardless of breastfeeding status.
Initial management should generally emphasise lifestyle
modification, with repeat lipid testing after
6-12 months.”"™ Persistent LDL cholesterol elevation
above guideline-directed treatment thresholds should
prompt the initiation of statin therapy in accordance with
national recommendations, including in women of
reproductive potential, with appropriate counselling

regarding contraception and future pregnancy
planning. >
Postpartum weight retention is an important

contributor to progressive obesity, recurrent APOs, and
long-term  cardiovascular disease risk.” Women
identified as having excess adiposity after a complex
pregnancy should receive structured counselling focused
on returning to at least their pre-pregnancy weight by
6-12 months postpartum and, longer term, a healthy
BMI before subsequent pregnancies.””** The role,
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timing, and safety of antiobesity pharmacotherapies,
including GLP-1 receptor agonists, in women with APOs
are uncertain and warrant further study.

Lifestyle intervention as a cornerstone of prevention
Health behaviours and psychosocial factors are founda-
tional, modifiable drivers of cardiometabolic trajectories
after APOs, and should be targeted alongside risk factor
screening and pharmacological management. Counselling
should emphasise stopping smoking, a healthy heart
dietary pattern, gradual resumption or initiation of
physical activity targeting at least 150 min/week of
moderate intensity aerobic exercise and resistance
training, adapted as needed to culturally acceptable forms.
Practical strategies, such as brisk walking with a baby in a
carrier or stroller, can facilitate early uptake and
sustainability.” Postpartum education and coaching
models have been shown to improve knowledge of
cardiovascular disease risk, promote healthier eating, and
increase physical activity.7**#°

Sleep health is an important but understudied
component of cardiovascular risk modification after
APOs. Sleep is often fragmented in the postpartum
period, and poor sleep quality has been linked to
postpartum depressive symptoms; however, feasible,
scalable interventions to improve sleep in this population
are incompletely defined. Management of postpartum
depression and anxiety is also crucial, given evidence
linking perinatal and postpartum depression with
increased long-term cardiovascular disease risk.”"**

Long-term surveillance and prevention across the life
course
APO history should inform a life course approach to
cardiovascular prevention beyond the first postpartum
year. Because the early postpartum period can be
challenging for sustained engagement in preventive
care, clinicians should revisit APO history during
primary care and gynaecology encounters. Traditional
cardiovascular risk scores can inform follow-up, but are
inherently rare in young women, in whom short-term
risk is typically low despite elevated lifetime risk.”** In
this population, risk scores should be viewed as a starting
point, rather than a decision rule, with clinical judgement
incorporating APO type, severity, and recurrence, as well
as cumulative risk factor exposure, comorbidities, social
context, and patient preferences. This approach is
consistent with the updated American College of
Cardiology and  American Heart  Association
dyslipidaemia guidelines, which recognise HDP,
gestational diabetes, preterm birth, SGA birth, and
recurrent pregnancy loss as risk-enhancing factors that
can support early assessment and treatment
discussions.”®

Blood pressure should be assessed at least annually in
all women with previous APOs, including those whose
pregnancy-related hypertension has resolved. In

resource-limited settings, follow-up intensity can be
individualised after an initial postpartum cardiometabolic
assessment, prioritising women with recurrent, early
onset, or severe APOs, as well as those with persistent
hypertension, excess adiposity, dysglycaemia,
dyslipidaemia, kidney dysfunction, or other cardio-
metabolic risk factors. When identified, hypertension
should be treated according to standard guideline
thresholds and targets, rather than being deferred on the
basis of reproductive age or anticipated future
pregnancies.***¢ In women with previous gestational
diabetes, guidelines recommend lifelong diabetes
screening at least every 1-3 years.” For women with other
APOs, adopting a similar 1-3 year interval for glycaemia
and lipid reassessment is reasonable, particularly when
additional metabolic risk factors are present.”*** One-time
measurement of lipoprotein(a) is now recommended in
all adults by major US, European, and Canadian
guidelines.”*27%

Coronary artery calcium scoring and coronary CT
angiography have a small role in routine risk assessment
of young postpartum women, but might add incremental
value as women with previous APOs reach midlife. In a
large Swedish coronary CT angiography screening cohort
of women aged 50-65 years, APO history was associated
with an increased prevalence of coronary atherosclerosis,
with particularly strong associations after HDP,
including a nearly two times increased prevalence of
significant stenosis even in those classified as low risk by
traditional  scores.” Importantly, coronary CT
angiography is not recommended for routine screening
in asymptomatic individuals. However, in midlife women
with previous APOs and borderline or intermediate
estimated risk, the selective use of coronary artery
calcium scoring can help refine decisions about initiation
or intensification of pharmacotherapies.®"7622-2

Future directions

Key uncertainties still exist in how best to translate APO
history into cardiovascular prevention across the life
course. APOs are clinically informative markers of
cardiovascular risk, but their causal contribution to later
cardiovascular disease is not resolved. Future studies
should move beyond estimating APO-cardiovascular
disease associations to clarify the relative contributions of
pre-existing cardiometabolic risk factors, postpartum risk
factor acceleration, and persistent vascular dysfunction
after complex pregnancies. Such work will require pre-
pregnancy and early pregnancy phenotyping and repeated
postpartum risk factor assessment.

Developing and validating APO-informed risk
algorithms, calibrated across diverse populations and
life stages, is a priority. Studies suggest that, despite
increased observed cardiovascular disease risk among
women with APOs, the inclusion of pregnancy history
does not substantially improve discrimination of
standard population-based cardiovascular risk models,
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which are designed to predict short-term absolute
risk.”*?” Contemporary models, such as the PREVENT
equations, estimate both the 10-year and 30-year risk
and might be better aligned with risk assessment
earlier in adulthood; however, whether formal
incorporation of APO history into such models would
improve risk prediction in young women is unknown.
Regardless, small improvements in  model
discrimination should not be interpreted as evidence
that APO history does not have clinical relevance.
Population-based risk calculators are heavily driven by

Panel 2: Future research priorities

Clarify mechanisms and causal pathways

Better delineate causal pathways linking adverse pregnancy outcomes (APOs) to later
cardiovascular disease to define mechanistically distinct APO subtypes and enable more
targeted prevention strategies

Define optimal postpartum and longitudinal care
Determine the ideal structure, timing, and intensity of follow-up after APOs, including
which women—and offspring—benefit most from longer-term specialist involvement

Test scalable care pathways in real-world settings

Do pragmatic implementation and comparative effectiveness trials of alternative
postpartum and longitudinal care models to identify approaches that are effective,
scalable, and resource-conscious

Generate trial evidence for prevention strategies

Address the scarcity of randomised trials by leveraging alternative designs (eg, pragmatic
or registry-based randomised trials and cluster randomisation) and rigorously validated
imaging or biomarker endpoints to accelerate actionable evidence

Assess durability of early postpartum interventions

Extend follow-up of trials testing early postpartum interventions (eg, intensive early
postpartum blood pressure control following hypertensive disorders of pregnancy) to
determine the duration and clinical relevance of benefit

Evaluate contemporary obesity and metabolic therapies

Test the safety and efficacy of GLP-1 receptor agonists and SGLT2 inhibitors in women
with previous APOs, with outcomes spanning cardiometabolic risk factors and longer-
term cardiovascular endpoints

age, whereas APOs signal adverse cardiovascular risk
trajectories long before overt disease develops.
Additionally, APO history overlaps with the same
cardiometabolic susceptibility and risk factor pathways
that standard models capture as hypertension,
dysglycaemia, dyslipidaemia, adiposity, or kidney
dysfunction. Thus, APOs might add little to discrimi-
nation when these risk factors are already present, but
might be clinically informative earlier in the life course,
before overt risk factors are apparent. Furthermore,
even well calibrated prediction models are insensitive
to identifying events, particularly premature events,
with many events arising from the large pool of
individuals classified as low risk. These considerations
raise the possibility that prevention in women with
previous APOs should rely less on 10-year risk estimates
and more on early, low thresholds for treating causal
and modifiable risk factors, such as obesity, LDL
cholesterol, blood pressure, and dysglycaemia.
Priorities for future research are summarised in
panel 2.

Conclusion

This three-part Series examined cardiovascular disease
across the spectrum of pregnancy and beyond. The
preceding Reviews define the burden and management of
cardiovascular disease in pregnancy, with attention
focused on HDP as the most common pregnancy-specific
cardiovascular disorder, and a major contributor to
maternal morbidity and mortality. This final Review
carries this framework forward, emphasising that APOs
should not be treated as isolated obstetric events, but as
early markers of long-term cardiovascular risk (figure 3).
Together, these perspectives come together on a key
message: pregnancy reveals latent cardiovascular risk and
offers an important window for prevention. However,
APOs are treated as transient obstetric complications,
rather than signals of long-term cardiovascular risk in
most health systems. Cardiovascular disease is a leading
cause of maternal morbidity and mortality worldwide,*

Young adulthood and pre- Pregnancy Postpartum 0-12 months Interpregnancy and early Midlife and beyond

pregnancy midlife

Optimise cardiovascular Identify APOs Early postpartum risk Interpregnancy and early Comprehensive CVD

health assessment midlife (age 20-40 years) prevention

« Screen and treat hypertension,| « Diagnose and manage APOs « BP follow-up after HDP and « Comprehensive « Treat hypertension, LDLC, and
dyslipidaemia (including « Record APO history, 75 g OGTT after GDM cardiovascular risk diabetes aggressively

lipoprotein[a]), obesity, and
diabetes

« Counsel on lifestyle,
contraception, and

document type and severity,
and communicate to
longitudinal clinicians and
general practitioner

« Baseline weight, BP, lipids
(~3 months postpartum),
and renal function, as well as
supporting breastfeeding
and mental health

assessment

« Annual BP, as well as
glycaemia and lipids every
1-3years

« Consider CAC to refine risk

pregnancy planning

« Change to pregnancy-
compatible
pharmacotherapies when
appropriate

« Intensify lifestyle and
therapies based on APO
history and other risk
enhancers

Figure 3: Strategies to integrate adverse pregnancy outcomes into life course cardiovascular disease prevention
APO=adverse pregnancy outcome. BP=blood pressure. CAC=coronary artery calcification. CVD=cardiovascular disease. GDM=gestational diabetes. HDP=hypertensive
disorders of pregnancy. LDLC=low-density lipoprotein cholesterol. OGTT=oral glucose test.
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and even for HDP—in which structured risk assessment,
aspirin prophylaxis, and biomarker-guided evaluation
have reshaped clinical practice—risk prediction is
imprecise, preventive strategies are only partially effective,
and disease-modifying therapies are absent. Integrating
pregnancy history into cardiovascular risk assessment
might identify women at high risk early, and improve
prevention across the life course.

The Working Group of Cardiovascular Disease in
Pregnancy recognises that the evidence associating
APOs with increased long-term cardiovascular disease
risk is now robust, but clinical interpretation requires
nuance. APOs should not be regarded simply as isolated
obstetric exposures or as fully established causal
mediators of later cardiovascular disease. An immediate
clinical opportunity for improvement would be to ensure
that APO history is consistently documented, com-
municated beyond obstetric care, and used to prompt
early recognition and guideline-directed management of
established, modifiable risk factors, including blood
pressure, dysglycaemia, adiposity, dyslipidaemia, and
kidney dysfunction. This approach should extend beyond
the so-called fourth trimester into life course prevention,
while adapting follow-up intensity to APO severity,
recurrence, persistent cardiometabolic abnormalities,
and local resources. A major opportunity exists in
research to move from documenting associations to
defining what APO phenotypes identify the greatest risk,
clarifying the relative contributions of shared
susceptibility =~ versus  pregnancy-related  vascular
dysfunction, improving risk stratification in young
women, and testing whether structured APO-informed
prevention improves cardiovascular health. Progress will
require prospective pre-pregnancy and postpartum
phenotyping,  causal-triangulation  designs, and
pragmatic implementation trials.
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