Development of
cardiovascular disease after
adverse pregnancy outcome

By Carolyn L. Bottone-Post, DNP, CNM, FACNM

Cardiovascular disease (CVD) is the leading cause of death in women in the United States. About 1 in
3 women will die from CVD, and about 45% of women older than age 20 years will show evidence of
cardiovascular disease. Professional organizations such as the American Heart Association, American
College of Cardiology, and the American College of Obstetricians and Gynecologists have begun efforts
to explore links between the development of CVD in women and the occurrence of adverse pregnancy
outcomes (APO). This article explores the current understanding of this linkage and discusses strategies
to increase provider and patient knowledge, and risk mitigation for women with APO.
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ardiovascular disease (CVD),

including coronary artery

disease and stroke, is the
leading cause of death in women in
the United States.!? Approximately
1 in 3 women will die from CVD,
and a staggering 45% of women
older than age 20 years demon-
strate some form of cardiovascular
disease.? Evidence suggests a link
between adverse pregnancy out-
comes (APO) and CVD development
primarily related to hypertensive
disorders of pregnancy (HDP).3 The
incidence of HDP rose by 25% over
the last decade, identifying this
problem as a significant health con-
cern to be addressed by women'’s
healthcare providers.# There is a 20%
to 40% increased risk of CVD after
the experience of preeclampsia that
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1 in 3 women will di€ from CVD, and a

staggering 45% of women older than

age 20 years demonstrate some form
of cardiovascular disease.

cannot be attributed to traditional
risk factors such as obesity and
smoking.” Researchers suggest that
HDP may uncover future cardiovas-
cular risk.6

In addition to HDP, other APO are
being considered as having potential
links to CVD. This article discusses
hypotheses about the underlying
mechanisms for the association be-
tween APO and CVD, identifies sev-
eral APO with potential links to CVD,
and suggests strategies to optimize
women's cardiovascular health fol-
lowing APO.

Physiologic changes of
normal pregnancy
Many cardiometabolic changes
occur in normal pregnancy. Early
in pregnancy, cardiac output (CO)
increases by about 10% over pre-
pregnancy values, along with an in-
crease in maternal heart rate. Plasma
volume expands by 40% to 50%.°
Changes in clotting factors occur to
guard against excessive blood loss
during the birth process.® Increased
proclotting factors, endothelial alter-
ations, and reduced fibrinolysis are
further protective changes.®°

By the end of the second trimes-
ter, increased insulin resistance from
the secretion of human placental
lactogen and human chorionic
somatomammotropin alters metab-
olism, providing more glucose to
the developing fetus.2%7 Pregnancy
also promotes lipid changes to
provide a ready source of nutrients
for the growing fetus. Changes in
triglycerides, total cholesterol, and

both high-density lipoprotein (HDL)
and low-density lipoprotein (LDL)
cholesterol promote fat storage for
use during pregnancy, facilitate ste-
roid hormone production, and later
promote lactation through about 12
weeks' postpartum.'?

Maternal renal system alterations
result in higher glomerular filtration
rates and reduced serum creatinine
levels. There is diminished sensitivity
to some vasoconstrictors and an in-
creased renal permeability resulting
in more protein excretion in normal
pregnancy.!’

There is some supposition that un-
derlying conditions that promote the
risk for development of future CVD
may be revealed with strain from usual
physiologic changes of pregnancy.® It
is unclear whether the increased risk
of CVD results from maladaptation
to the typical changes of pregnancy,
identifies some predisposition to fu-
ture CVD that precedes pregnancy, or
some combination of both.*

Underlying
mechanisms by which
APO may be linked to
future CVD

Researchers debate how APO con-
tribute to CVD development but
note they may share pathologic
pathways.? The underlying mecha-
nism of several APO (eg, preeclamp-
sia, gestational diabetes mellitus,
preterm birth, small for gestational
age birthweight, stillbirth) is gener-
ally considered to be placental and/
or vascular dysfunction.'? There is
some evidence, most specifically
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related to preeclampsia, to suggest
the associated CVD risk later in life
may be preceded by acute placental
atherosis similar to that seen in ath-
erosclerosis. Acute placental athero-
sis may contribute to inflammatory
changes and long-term endothelial
dysfunction that plays an important
role in future CVD development.213

Hypertensive disorders
of pregnancy

All hypertensive disorders of preg-
nancy (HDP) categories have sig-
nificantly increased over the last 10
years, occurring in up to 10% of US
pregnancies.!#8 It is estimated that
4% to 8% of US mothers have at least
one pregnancy complicated by pre-
eclampsia.’ Approximately 3% to
5% of pregnancies are complicated
by chronic hypertension (CHTN),
defined as hypertension occurring

or recognized before 20 weeks of
gestation or persisting beyond 12
weeks' postpartum. Women with

any category of HDP are at risk of
developing CHTN within a year of
giving birth, hospitalization for a car-
diovascular event within 3 years after
giving birth, and are more likely to
develop diabetes and dyslipidemia.3
Research strongly links early devel-
opment of CVD to HDP occurrence*
Women with HDP have a 2- to 4-fold
higher risk of future CVD compared
with women who have not experi-
enced HDP361° Proinflammatory risk
factors such as obesity, sedentary
lifestyle, poor diet, and smoking fur-
ther contribute to future CVD, but the
experience of HDP is independent of
those risk factors.

Gestational diabetes
Gestational diabetes (GDM) occurs
in about 7% of pregnancies in the
US, but it is rising due to worsening
obesity, sedentary lifestyles, and
increases in maternal age and co-
morbidities. Physiologic increased
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insulin resistance during pregnancy
may be a tipping point for women
on the brink of overt diabetes as the
pancreas cannot keep pace with
this high insulin resistance. Research
suggests women with GDM have
up to a 4-fold risk of developing
preeclampsia and a 2-fold risk of
future CVD, with cardiac events
demonstrated about 7 years earlier
than in women with nonaffected
pregnancies.2*613 After a preg-
nancy complicated by GDM, there

is a 7-fold higher risk of developing
type 2 diabetes.?

Placental abruption

The etiology for placental abruption
is unclear but believed to be asso-
ciated with abnormal placentation,
endothelial dysfunction, and capil-
lary fragility from proinflammatory
changes that predispose to necrosis
and infarction.'® Abruption occurs in
about 1% of pregnancies.'® Maternal
hypertension is the most common
risk factor, accounting for about 44%
of all abruptions.” Other risk factors
include advanced maternal age,
cocaine use, cigarette smoking, and
trauma.'”18 A history of placental
abruption was significantly associ-
ated with future CVD-related mor-
bidity and mortality in a meta-anal-
ysis of four studies. Of note, none of
the studies examined whether the
effect of placental abruption was in-
dependent of hypertension.'8

Preterm birth

Birth before 37 completed weeks'
gestation is considered preterm
birth (PTB) and occurs in about 10%
of pregnancies. This may be caused
by intrauterine infection or iatro-
genic when obstetric complications
make delivery necessary.? PTB is an
independent risk factor for future
CVD, increasing risk by about 42%
and doubling CVD risk if occurring
concomitantly with HDP.>16
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Other

Various studies have called attention
to other potential APO that could in-
crease the risk for CVD in the future.
These include birth of a small for ges-
tational age infant, stillbirth, and loss
of pregnancy.'®'® Ongoing research
is needed to discern the connection
between the pathophysiology of
APO and CVD risk. However, with
current knowledge there are specific
strategies for healthcare providers to
help women improve their CV health
and reduce their CVD risk.

Mitigating future

CVD risk

Disparities

Women in the US display many tra-
ditional cardiovascular risk factors
including hypertension, obesity,
diabetes, and sedentary lifestyle,
but significant racial and ethnic
disparities exist. Black women have
a higher rate of hypertension than
their White and Hispanic coun-
terparts, while the incidence of
diabetes is higher among Hispanic
women. More overweight and
obese women are found among
Black and Hispanic women than
among White women.'® Further,
Black, Hispanic, and Asian women
experience a higher proportion

of APO associated with increased
CVD risk than non-Hispanic White
women.'®'7 Clinical presentations
and outcomes are commonly more
severe. The reason for these dispari-
ties is not fully understood. Inequal-
ities in access to prenatal care and
disparities in other prepregnancy
risk factors have been proposed

as causative but not proven. More
studies on APO and CVD in non-
White women evaluating the effects
of social determinants of health such
as violence against women, access
to care, and available technologies
are needed to better understand
and address these health dispari-
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ties.1618.19 Structural racism and bias
with ensuing psychological stress
should be considered.

Create opportunities

for patient-centered
communication

After pregnancies complicated by
an APO, women commonly describe
a lack of consistent messaging and
poor communication about future
CVD risk and believe their concerns
were dismissed by providers.3>16
Frank patient—clinician discussion of
previous pregnancy complications,
current lifestyle behaviors, and relevant
family history risk factor identifica-
tion is recommended. An interdis-
ciplinary approach with seamless
communication among all providers,
including obstetricians, maternal-fetal
medicine specialists, primary care
providers such as women'’s health
nurse practitioners, and cardiolo-
gists is necessary for risk mitigation.
Comprehensive obstetric histories,
including the occurrence of APO,
must be collected, and maintained,
which may improve care for women
at an increased risk of CVD.’

Screen for a history of APO
Key to identifying women who
may be at increased risk for CVD is
screening for APQ, utilizing every
point of contact as an opportunity.
Although there is no consensus on
when and how to screen, devel-
oping strategies for targeted risk
screenings may avoid delayed or
missed recognition and promote
chances to mitigate CVD risk.22021
Screening opportunities include
prepregnancy counseling, early
pregnancy visits, and postpartum
and well-woman exams.

Encourage lactation
Encouraging lactation promotes
better cardiometabolic status by
reducing blood glucose levels and
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Table. Strategies for mitigating CVD risk in women with history of APQ16.23,27.28

Initial screening (postpartum or first time seen after an APQ)

Obstetric history to confirm APO and investigate APO in previous pregnancies

Review family history for CVD risk factors (diabetes, dyslipidemia, early-onset CVD)

Blood pressure
Weight/BMI
GTT at 1- and 6-months’ postpartum after GDM

Consider lipid screening

Evaluate need for another visit within the short term (eg, 3 months, 6 months)

Encourage long-term lactation (beyond 6 months)

Initial lifestyle behavior counseling

Encourage loss of weight gained in pregnancy and normalization of weight/BMI

Encourage healthy dietary choices (DASH diet)

Encourage moderate physical activity 20-30 minutes most days per week

Smoking cessation

Ongoing monitoring
Blood pressure
Weight/BMI

Continue to encourage healthy lifestyle behaviors for CVD risk reduction

GTT every 3 years after GDM

Repeat lipid screening at 6 months if have dyslipidemia — consider moderate-intensity statin if LDLs remain elevated after lifestyle change

Subsequent pregnancy

Discuss interventions to reduce risks for APO

Low-dose aspirin per current guidelines

Manage chronic hypertension per current guidelines

APO, adverse pregnancy outcomes; BMI, body mass index; CVD, cardiovascular disease; GDM, gestational diabetes; GTT, glucose tolerance test; LDLs; low-density lipoproteins.

insulin resistance. Lipid improve-
ments, including increases in HDL,
occur during lactation and result in
less early atherosclerosis.'?1> While
there is limited evidence that lacta-
tion influences CVD risks factors spe-
cifically among women who experi-
ence APQ, it seems plausible given
the positive effects on the general
population. The American Heart As-
sociation and the American College

of Obstetricians and Gynecologists
(ACOG) make the recommendation
to encourage women with APO

to continue lactation beyond 6
months.'621

Improve lifestyle choices
after APO

Timely and practical strategies to fa-
cilitate behavioral change are critical
for reducing the risk of future CVD.
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Providers can encourage women to
optimize health with a focus on re-
ducing major modifiable risk factors.
Making more heart-healthy dietary
choices, such as implementing the
DASH diet [Dietary Approaches to
Stop HTN] or the Mediterranean diet
and adopting a more active lifestyle
to include 20 to 30 minutes of mod-
erately intense activity most days
reduce CVD risk.210.1>
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On the one hand, postpartum
women may be motivated to adopt
healthy lifestyles especially after
experiencing an APO. Promoting
patient use of resources from the
Preeclampsia Foundation and
HeartHealth4Mom may empower
women to make healthy choices.>”2!
Telehealth visits and cell phone-based
risk reduction and support programs
may be useful for patient education
and motivation and alleviate postpar-
tum scheduling difficulties.

On the other hand, up to 40% of
women do not attend a postpartum
visit.?! These are often women with
limited resources. Providers will
want to remain cognizant that the
initial opportunity to address risks
associated with an APO may not be
postpartum but at another visit along
the way. The Table provides recom-
mendations for initial screening,
monitoring over time, and lifestyle
counseling interventions for women
identified as having had an APO.

Promote use of low-dose
aspirin when indicated

The 2021 recommendations from
ACOG, the Society of Maternal-Fetal
Medicine, and the United States Pre-
ventive Services Task Force (USPSTF)
suggest women with one or more
high-risk factors for preeclampsia

or more than one moderate risk
factors should begin 81 mg aspirin
at 12 weeks'gestation and continue
until birth occurs.31618 Moderate
risk factors include nulliparity, body
mass index greater than 30, age
older than 35 years, non-Hispanic
Black race, or lower income. Fac-
tors indicating high risk include

the history of preeclampsia, CHTN,
pregestational diabetes, and renal
or autoimmune disease. USPSTF
separated sociodemographic risk
factors to the Black race and having
lower income, acknowledging that
non-Hispanic Black women experi-
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ence earlier onset, more severe, and
higher incidence of APO.' Low-dose
aspirin improves placentation and
helps with spiral artery remodeling,
generally completed by 18 weeks of
gestation.”22

Manage chronic
hypertension in pregnancy
A 2022 ACOG practice advisory sug-
gests aggressive treatment of CHTN
in pregnancy, starting or modifying
medication management at 140/90
mm Hg rather than 160/110 mm Hg
as previously recommended, and
allowing patients to remain on cur-
rent blood pressure medications as
long as they are considered safe.?3
The California Maternal Quality Care
Collaborative (CMQCC) provides a
tool kit to support timely recogni-
tion and response to hypertension
and preeclampsia. Guidance on low-
dose aspirin for prevention of pre-
eclampsia and long-term follow-up
after hypertensive disorders of preg-
nancy is included.?* The Alliance for
Innovation on Maternal Health (AIM)
produces safety bundles for in-
hospital management of severe
hypertension. AIM bundles include
information on provider recognition
and prevention of severe hyper-
tension during pregnancy, which is
helpful for antepartum providers.2>

Use statins when
appropriate

In nonpregnant women with dys-
lipidemia, statin therapy decreases
inflammation and oxidative stress
and provides endothelial protec-
tion. Statins additionally protect
through inhibiting abnormal clot-
ting mechanisms and promotion of
angiogenesis.>” Current guidelines
recommend stopping statin therapy
1 to 3 months before attempting
pregnancy or as soon as pregnancy
is confirmed.?3 Healthy lifestyle
habits should be encouraged for
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management of dyslipidemia during
pregnancy. Bile sequestrants are
approved for use during pregnancy.
Human trials are under way to deter-
mine the safety of hydrophilic statin
use during pregnancy, particularly
pravastatin because of a better
safety profile in pregnancy.”26

Future research

There are several directions for fu-
ture study. More research is needed
to identify timely targeted screen-
ing strategies after APO. We must
continue to study the potential use
of hydrophilic statins during preg-
nancy combined with careful fetal
growth monitoring. The impact of
traumatic pregnancy and delivery
experiences on mental health due
to APO must be explored to reduce
emotional trauma, which is known
to increase oxidative stress and in-
flammation leading to endothelial
and immune dysfunction, heighten-
ing CVD risk.> m
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