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Abstract: Previous literature bhas
bighlighted that women who bave
a pregnancy affected by gestational
bypertension or preeclampsia are at
bigher risk of cardiovascular disease
(CVD) in later life. However, CVD is
a composite of multiple outcomes,
including coronary beart disease,
beart failure, and stroke, and the
risk of both CVD and hypertensive
disorders of pregnancy varies by the
population studied. We conducted
a narrative review of the risk of
cardiovascular outcomes for women
with prior gestational hypertension
and pre-eclampsia. Previous
literature is summarized by country
and ethnicity, with a bigher risk of
CVD and coronary heart disease
observed after gestational
hypertension and a bigher risk of
CVD, coronary beart disease and
beart failure observed after pre-
eclampsia in most of the populations
studied. Only one study was
identified in a low- or middle-
income country, and the majority of
studies were conducted in white or
mixed ethnicity populations. We
discuss potential interventions to

mitigate cardiovascular risk for
these women in different settings
and bighlight the need for a greater
understanding of the epidemiology

hypertension (GH); pre-eclampsia
(PE), which can progress to
eclampsia; chronic hypertension;
and PE superimposed on chronic

! ...women with gestational
hypertension or pre-eclampsia should
be aware of their higher CVD risk... i

of CVD risk after gestational
bypertension and pre-eclampsia
outside of high-income, white
populations.

Keywords: cardiovascular disease;
gestational hypertension; pre-
eclampsia; pregnancy; coronary
heart disease; stroke; heart failure

Introduction

Hypertensive disorders of
pregnancy (HDP) occur in 8-13% of
pregnancies."* There are four
distinct HDP: gestational

hypertension. This review focuses
on PE and GH, as defined in Table 1.

PE and GH are leading causes of
maternal and infant morbidity and
mortality worldwide.? Their
prevalence varies within and
between countries. The reported
prevalence of PE and GH in different
continents is shown in Table 2, with
the highest prevalence of both PE
and GH found in Africa.

PE and GH are also associated with
a higher risk of maternal
cardiovascular disease (CVD) in later
life." CVD is a group of diseases
affecting the heart or blood vessels.
Many are related to atherosclerosis,
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Table 1.

Diagnostic Classification of the Four Hypertensive Disorders in Pregnancy.

Hypertensive disorder of pregnancy Diagnostic criteria

Pre-eclampsia-De novo hypertension after gestational week 20, and
new onset of one or more of the following: Proteinuria (protein in the
urine), renal insufficiency, liver disease, neurological problems, and

Pre-eclampsia/eclampsia o s
hematological disturbances or fetal growth restriction

Eclampsia is a convulsive condition associated with pre-eclampsia

Gestational hypertension New hypertension (> 140 mmHg systolic or > 90 mmHg diastolic)

presenting after 20 weeks of pregnancy without proteinuria

Chronic hypertension* Hypertension (> 140 mmHg systolic or > 90 mmHg diastolic) present
at the booking visit, or before 20 weeks, or antihypertensive

medication prescription when referred to maternity services

Pre-eclampsia superimposed on chronic hypertension™ Hypertension present before 20 weeks of gestation or pre-pregnancy,
as indicated by blood pressure measurements or antihypertensive
medication prescription, with one or more of the following conditions
after 20 weeks gestation: Proteinuria, renal insufficiency, liver
disease, neurological problems, hematological disturbances, or fetal

growth restriction

*Not the focus of this review.
Definitions from: Hypertension in pregnancy: diagnosis and management. NICE guideline [NG133/°® and the International Society for the Study of Hypertension in
Pregnancy®*

Table 2.
The Range of Reported Prevalence Estimates for Gestational Hypertension and Pre-Eclampsia in Prior Studies.

Continent Pre-eclampsia Gestational hypertension
Africa 0.5-10.5 0.3-28.9

Asia 0.2-6.7 1.8-3.4
Australasia 2.6-9.2 5.7-8.2

Europe 1.6-5.2 0.9-5.8

North America 1.5-4.0 3.0-8.0

South America and the Caribbean 1.8-7.7 None found

which is the build-up of plaque in
artery walls, causing narrowing and
restricted blood flow. Common
forms of CVD include coronary heart
disease (CHD), heart failure, and
stroke. Collectively, CVD is the
leading cause of mortality for

women worldwide.> However, CVD
prevalence varies widely between
countries, with individuals in low-
and middle-income countries (LMIC)
more likely to be affected than
those in high-income countries
(HIC). The highest age-

standardized CVD prevalence for
men and women combined is in
Oman and Mozambique with over
11,501 cases per 100,000 persons.
In contrast, Canada, the United
States, most Western European
countries, South Korea, Japan,
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Figure 1.
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Pathophysiological mechanisms linking the development of cardiovascular disease in later life to gestational hypertension or

pre-eclampsia in a prior pregnancy.
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Australia, New Zealand, Chile,
Argentina, Peru, Ecuador, and
Uruguay have fewer than 5600
cases per 100,000 pelrsons.S A
consequence of this is that the
impact of CVD is also greatest in
LMIC.

It has been suggested that there are
overlapping pathophysiological
mechanisms underlying GH, PE, and
CVD, such as immune system
activation and inflammation®
(Figure 1). The prevalence of these
shared risk factors for CVD and GH
or PE, including high BMI and
chronic conditions such as
polycystic ovary syndrome and
kidney injury (Supplementary
Figure 1), also varies between
countries.

This narrative review summarizes
the evidence for the higher risk of
maternal CVD after GH or PE.
Relevant studies are described by
country and ethnicity, with a focus
on overall CVD and common
outcomes, including CHD, heart
failures, and stroke. We discuss
underlying mechanisms, and
potential interventions to mitigate

Pregnancy
®

%

CVD risk among different settings
and highlight future areas of
research.

Methods

A literature search was conducted
in PubMed and Web of Science,
using the keywords “cardiovascular
disease,” “coronary heart disease,”
“stroke,” “heart failure,” “gestational
hypertension,” “hypertensive
disorders of pregnancy,” and “pre-
eclampsia.” The search was limited
to studies published in English
before May 2020.

Studies were considered eligible
for inclusion if they assessed risk of
CVD, CHD, stroke, or heart failure
after either gestational hypertension
or pre-eclampsia in women.
Gestational hypertension and pre-
eclampsia could not be combined as
a single exposure.

Information was extracted from
eligible studies, including author,
year, and country of study; number
of participants; ethnicity of
participants; exposure, outcome,
and relative risk (RR); and 95%

Post-partum and Later Life

#

confidence intervals (CD). Results are
reported narratively by study
location.

Cardiovascular Diseases After
Gestational Hypertension or
Pre-Eclampsia

Figures 2 and 3 summarize the
findings of previous studies on the
risk of CVD, CHD, heart failure, and
stroke after PE and GH, respectively.
Thirty-four studies were identified,
the majority from Europe (18
studies’~*") and North America (nine
studies™ ™). Five studies were
based in Asia® ™ and two in
Australia.*®” No studies based in
South America or Africa were found.
Only one of the identified studies
was from a LMIC.?

The majority of studies were
among white populations or
populations with mixed ethnicities,
but results were not stratified by
ethnicity. Therefore, the comparison
of the presence and magnitude of
cardiovascular risk across different
ethnicities was limited.

Figure 2 summarizes risk of CVD
outcomes after PE. A higher CVD risk


http://journals.sagepub.com/doi/suppl/10.1177/15598276211037964
http://journals.sagepub.com/doi/suppl/10.1177/15598276211037964

vol. 17 e no. 1

Figure 2.

American Journal of Lifestyle Medicine

Results of studies assessing risk of cardiovascular disease, coronary heart disease, heart failure, and stroke after pre-eclampsia, by
continent. Black—European studies, red—North American studies, green—Australian studies, and blue—Asian studies.

Outcome /
Continent

CVvD
Europe

North America

CHD
Europe

Author, year
of publication

Bhattacharya 2012
Mannistd 2013
Markovitz 2019
Haug 2019
Skjaerven 2012
Lykke 2010
Schmiegelow 2014
Grandi 2017

Riise 2019

Cirillo 2015

Cain 2016

Cirillo 2015
Arnaout 2018
Kestenbaum 2003
Ray 2005

Wilson 2003
Mannisto 2013
Bhattacharya 2012
Lykke 2009
Skjaerven 2012
Andolf 2017

Riise 2019
Wikstrom 2005

Haukkamaa 2009
North America McDonald 2013
Sia 2019
Ray 2015
Australia Tooher 2017
Asia Borna 2011
Heart Failure
Europe Lykke 2009
Mannisté 2013
Haug 2019
Melchiorre 2011
Breetveld 2017
Andolf 2017
North America Arnaout 2018
Asia Kuo 2018
Stroke
Europe Mannisto 2013
Lykke 2009
Wilson 2003
Schmiegelow 2014
Andolf 2017
North America Arnaout 2018
Australia Tooher 2017
Asia Lin 2016
Kuo 2018

after PE was reported in most
European and all North American
studies, which was consistent across
ethnicities. The risk was highest in
a population in North America:
RR=2.55 (1.70-3.83).”> The presence
of CHD risk after PE was not as
consistent across different

.25 5 1

No. of
participants Ethnicity RR (95% CI)
34854 White - 1.30 (0.33, 5.05)
12055 White —— 1.40 (1.11, 1.76)
18231 White —— 1.60 (1.17, 2.19)
31364 White ——.-——— 1.74 (1.00, 3.02)
34824 White - 1.90 (1.62, 2.23)
782287 White - 2.16 (1.79, 2.61)
273101 Mixed —— 2.56 (1.67,3.93)
146748 Unknown 0.60 (0.20, 1.80)
41434 Unknown —-— 2.20(1.75,2.77)
14062 African American s ] 1.70 (1.09, 2.66)
302686 Mixed —— 1.42 (1.14,1.76)
14062 Mixed —_—l— 2.20 (1.34, 3.61)
1662045 Mixed - 2.39 (1.97,2.89)
31239 Mixed e 2.55(1.70, 3.83)
1033559 Unknown - 2.10 (1.82,2.42)
283990 White p— 0.89 (0.56, 1.41)
12055 White —— 1.36 (1.01, 1.83)
34854 White e 1.38 (1.03, 1.84)
782287 White = 1.58 (1.46, 1.71)
34824 White —— 2.09 (1.55, 2.81)
20073 Unknown e 1.50 (1.11, 2.03)
41434 Unknown —— 1.80 (0.93, 3.50)
403550 Unknown —— 2.80(2.16, 3.63)
352 Unknown ——— 3.63(1.50,8.79)
327 White e 0.91 (0.54, 1.53)
490 White (e — 1.86 (0.97, 3.57)
1985 Unknown —i— 1.61 (1.00, 2.59)
27262 Unknown —_— 2.67 (1.49,4.80)
690 Iranian —i 7.17 (3.09, 16.63)
782287 White - 1.68 (1.44, 1.95)
12055 White s 1.69 (1.12, 2.56)
31364 White —laa— 1.74 (1.00, 3.02)
142 Mixed ——3 4.27(2.09,8.71)
114 Mixed * 8.84(1.22,64.02)
20073 Unknown —— 1.28 (0.71, 2.31)
1662045 Mixed - 3.00 (2.67, 3.37)
6475 Taiwanese —i 7.39(2.86, 19.08)
12055 White 1.19 (0.68, 2.09)
782287 White - 1.45 (1.32, 1.59)
283990 White L * 3.41(0.95,12.22)
31364 Mixed —f—) 5.18 (2.03, 13.22)
20073 Unknown —.—— 0.91 (0.56, 1.47)
1662045 Mixed —— 2.30(1.78,2.97)
27262 Unknown % 2.03 (0.75, 5.49)
141730 Taiwanese e 2.19(1.22, 3.92)
6475 Taiwanese —i——p 3.47 (1.46,8.24)
I | | I I

Relative Risk (95% CI)

continents. Most European
populations were found to have

a higher CHD risk after PE, as did
one Australian and one Asian
population. The highest reported
risk was reported in an Iranian
population: RR=7.17 (3.09-16.63).%°
However, in one North American

population, the risk of CHD was not
higher for women with PE than
women without PE, and the higher
CHD risk observed in two other
North American populations was not
significant. A higher risk of heart
failure after PE was found in four out
of six European populations and one
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Figure 3.

Results of studies assessing risk of cardiovascular disease, coronary heart disease, heart failure, and stroke after gestational
hypertension, by continent. Black-European studies, Red-North American studies, green-Australian studies, blue-Asian studies.
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Outcome / Author, year No. of

Continent of publication participants Ethnicity RR (95% CI)

CVD

Europe Markovitz 2019 18231 White —_— 0.73 (0.46, 1.15)
Luoto 2008 4090 White . & md 0.90 (0.62, 1.30)
Bhattacharya 201234854 White - 1.25 (1.11, 1.41)
Haug 2019 31364 White —t— 1.30 (1.00, 1.68)
Mannisté 2013 12055 White - 1.45 (1.29, 1.63)
Lykke 2010 782287 White —_—— 2.47 (1.74, 3.51)
Riise 2018 617589 Mixed - 1.80 (1.66, 1.95)
Schmiegelow 2014273101 Mixed —_—t—> 1277 (6.78, 24.04)
Grandi 2018 21766 Unknown —— 2.12 (1.66, 2.70)
Grandi 2017 146748 Unknown —— 2.30(1.81, 2.92)
Riise 2019 41434 Unknown —_—— 2.50 (1.82, 3.44)

North America Cain 2016 302686 Mixed e 0.99 (0.85, 1.16)
Arnaout 2018 1662045 Mixed —— 1.76 (1.36, 2.27)
Kestenbaum 31239 Mixed —r— 2.80 (1.62, 4.85)
Ray 2005 1033559 Unknown —— 1.80 (1.44, 2.26)

CHD

Europe Wilson 2003 21766 White —_—— 1.06 (0.68, 1.65)
Bhattacharya 201234854 White — 1.35 (1.15, 1.59)
Ménnistd 2013 12055 White —p— 1.44 (1.24, 1.68)
Lykke 2009 782287 White —r— 1.48 (1.25, 1.76)
Riise 2018 617589 Mixed —— 1.70 (1.34, 2.16)
Andolf 2017 18608 Unknown - 1.26 (1.13, 1.40)
Wikstrom 2005 576155 Unknown —— 1.60 (1.26, 2.03)
Riise 2019 41434 Unknown g 2.20(0.97, 4.97)
Haukkamaa 2009 23937 Unknown —— 4.00 (2.21, 7.24)

North America Sia 2019 490 White + 3.34 (1.03, 10.87)

Australia Tooher 2017 27262 Unknown ——p— 3.19 (2.11, 4.83)

Heart Failure

Europe Haug 2019 31364 White + 0.96 (0.42, 2.19)
Lykke 2009 782287 White [ 1.37 (0.98, 1.92)
Mannist6 2013 12055 White —_—— 1.78 (1.43, 2.21)
Andolf 2017 20073 Unknown - 1.26 (1.11, 1.41)

North America Arnaout 2018 1662045 Mixed ——— 1.40 (0.99, 1.98)

Stroke

Europe Lykke 2009 782287 White —— 1.51(1.26, 1.81)
Mannisté 2013 12055 White —_—— 1.59 (1.24, 2.04)
Wilson 2003 283990 White + 2.42 (0.59, 9.95)
Schmiegelow 2014273101 Mixed + P 7.99 (2.45, 26.07)
Andolf 2017 20073 Unknown —— 1.30 (1.14, 1.48)

North America Arnaout 2018 1662045 Mixed —t—— 1.40 (0.99, 1.98)

Australia Tooher 2017 27262 Unknown = 0.57 (0.14, 2.32)

Asia Lin 2016 141730 Taiwanese > 3.72 (3.63, 3.81)

I I I | I I
.25 5 1 2 4 8 16

Asian population, with the highest
risk reported in a European
population: RR = 8.84 (1.22-64.02).%
The two other European populations
had non-significantly higher risk of
heart failure after PE. An increased
stroke risk after PE was found in two
of the five European populations. A
third European population was also
observed to have a higher stroke risk
although this was not significant, and
two European populations had little

Relative Risk (95% ClI)

evidence of an increased stroke risk
after PE. One Australian population
was not found to have a significantly
higher risk, but in both Asian
populations a higher stroke risk was
found.

Figure 3 summarizes risk of CVD
outcomes after GH. CVD risk was
higher after GH for all except three
European populations, and three out
of four North American populations,
with the highest risk reported in

a European population, RR=12.77
(6.78-24.04).*° No difference in CVD
risk between women with prior GH
and women without GH was found
in two European and one North
American population. CHD risk after
GH was higher in most European
populations, one North American
population, and one Australian
population. The highest risk was
reported in a European population:
RR = 4.00 (2.21-7.24)."" There was
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inconsistent evidence for a higher
risk of heart failure after GH. Two
European populations were found to
have a higher risk, while no
significantly higher risk of heart
failure was observed in two
European populations and one
North American population. A
higher stroke risk after GH was
found in four out of five European
populations and one Asian
population, with the highest
reported risk in a European
population: RR = 7.99 (2.45-26.07).
However, in an Australian
population, no higher risk of stroke
after GH was observed.

In general, there was broadly
consistent evidence that PE is
associated with a higher risk of CVD,
CHD, heart failure, and stroke, in the
majority of populations studied. GH
was also associated with a higher
risk of CVD, CHD, and stroke in most
populations although the evidence
for a higher risk of heart failure was
not consistently found.

Shared Mechanisms or Cause
and Effect?

Pregnancy is purported to be
a “stress test”*" for a woman’s body
as the additional hemodynamic,
metabolic, and hormonal demands
may unmask a predisposition to
developing CVD later in life. Despite
the negative connotations
suggesting development of GH or PE
is “failure,” it is a commonly used
analogy for understanding the links
between HDP and CVD.

Evidence in support of this theory is
prevalent with many CVD risk factors
shared with GH or PE (Supplementary
Figure 1) although cardiovascular risk
factors may not fully explain the risk of
CVD after PE.*!

PE and GH may also damage the
cardiovascular system, thus
contributing to CVD development.
Inflammatory stress, coagulation
dysregulation, and endothelial
damage arising from complicated
pregnancies may result in vascular
damage.** The presence of a dose-

response relationship between PE
and CVD™ supports this theory, as
additional pregnancies affected by
PE would cause greater damage and
therefore increase CVD risk decades
after pregnancy.

Furthermore, the timing of
diagnosis of these conditions during
pregnancy is important. Drawing
from the aforementioned theories,
a diagnosis earlier in pregnancy,
when physiological demands are
lower, suggests the underlying
conditions are at a more adverse
stage, or that greater damage has
occurred. Therefore, an earlier
diagnosis of GH or PE may be
associated with a greater subsequent
CVD risk. Previous work supports
this theory, with greater changes in
angiogenic factors in women with
early-onset compared to late-onset
PE.*

Interventions

Having interventions to mitigate
CVD risk after GH or PE is imperative
but few trials have been conducted.
One previous review of this topic
covering studies from 2008-2019
identified only two trials.*> A trial of
calcium vs. placebo in 201
postpartum women with prior PE
reported a non-significant trend
toward decreased blood pressure.
The second randomized control trial
(RCT) enrolled 151 women with PE
in the previous 5 years into either an
online education program about
CVD risk factors and personalized
phone-based lifestyle coaching or
general information for the control
group. The intervention group had
increased knowledge of CVD risk
factors, greater healthy eating, and
decreased physical inactivity.

After this review, two trials have
published results. A pilot trial, Be
Healthe for Your Heart, sent weekly
emails to support improvements in
CVD risk factors using behavior
change techniques (e.g. self-
monitoring and goal setting) to
women with a recent history of PE. Tt
did not report improved CVD risk,
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CVD risk factors, or health behaviors
after 3 months.® Heart Health 4 New
Moms, a 9-month behavioral
intervention trial of women with
prior PE included online
educational modules, a community
forum, heart-healthy resources, and
communication with a lifestyle
coach. It found intervention
participants reported increased
healthy eating, greater knowledge
of CVD risk factors, and less
physical inactivity than participants
in the control arm.*” Additional
trials that may provide further
insight on blood pressure
management strategies, exercise,
aspirin, lifestyle intervention
programs, and statins are currently
underway.**°

Prenatal interventions that may
moderate vascular damage have
been assessed in HIC. These include
managing adverse levels of
cardiovascular risk factors in
pregnancy, such as lifestyle changes
that limit excess gestational weight
gain, a risk factor for PE and GH.>!
However, although these
interventions are effective,’’ benefits
may be modest.”*

Postpartum interventions are also
an option. The World Health
Organization and national bodies,
including the American College of
Obstetricians and Gynecologists
(ACOG) and the National Institute
for Health and Clinical Excellence
(NICE), recommend that all women
be offered postpartum follow-up
care up to 12 weeks after delivery,
providing a potential time point for
cardiovascular intervention or for
referral from obstetrics to primary
care or cardiology.”™>° The extent of
postpartum and ongoing care varies
between countries and is likely to be
impacted by the duration of paid
parental leave available to mothers.
In HIC, this varies between
6.5 weeks (United Arab Emirates) to
68.5 weeks (Sweden). A longer
parental leave will facilitate access to
healthcare providers.
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Regardless of the duration or
availability of care after birth, routine
referral from obstetrics to cardiology
is not in place in many countries, and
not all women attend antenatal
appointments when offered, with
the proportion of women with and
without prior pregnancy
complications attending postpartum
care as low as 52% in some
settings.”®

Expanding Intervention
Opportunities in High-lIncome
Countries

The majority of national and
international bodies that have
provided guidance on
cardiovascular follow-up after
a hypertensive disorder of
pregnancy are from HIC
(Supplementary Table 1). However,
most international healthcare
systems treat pregnancy as an
isolated life event, and obstetric
information is not readily available to
different healthcare disciplines. In
HIC, calls for action have been made
to disrupt these healthcare silos and
create multidisciplinary teams that
deliver comprehensive care by
bringing together professionals from
different disciplines to work
together.”’

This multidisciplinary approach
remains theoretical for the most part.
Opportunities to intervene before CVD
problems arise are missed, as are other
benefits, including reduced healthcare
utilization and costs. However,
coordination between healthcare
providers is feasible. For example,
cardio-obstetric care could be
integrated by including CVD risk factor
assessment for women when children
attend well-child visits or receive
immunizations.”®

If women are referred to primary care
or cardiology, it is important to
consider what constitutes quality
follow-up care. Counseling strategies
implemented in the postpartum period
could include discussion of heart age
calculations.” Interventions have been
proposed to improve the

cardiovascular risk factor profile of
postpartum women, including lifestyle
education programs and peer
suppon.46 However, interventions are
not always as effective as desired. A
review of mostly Western European
and North American studies found
behavioral interventions that promoted
self-regulation decreased energy
intake, but this did not consistently
translate to improvements in weight
loss and participation in physical
activity.*

Expanding Intervention
Opportunities in Low- and
Middle-Income Countries

Opportunities for cardiovascular
intervention in LMIC differ from
those in HIC. Integral steps are
needed to address the long-term
needs of women who have
experienced HDP or other
pregnancy complications. Of most
pressing concern is the early
identification and diagnosis of HDP
and other obstetric conditions, such
as gestational diabetes. Over-
burdened health systems and out-of-
pocket costs limit the potential for
scheduled hospital visits. Therefore,
community healthcare workers may
be a critical player for addressing this
need. It is important to build the
capacity of community healthcare
workers to identify and manage
women with PE and GH and thus
limit the need to refer women to
hospitals for management and
identification of PE and GH.

Further steps that are integral to
addressing the long-term
cardiovascular and broader health
needs of women in LMIC include (1)
electronic health records systems to
facilitate data exchange between
different sectors of the healthcare
system; (2) healthcare approaches
that incorporate broad health
determinants including housing,
waste management, and education,
which will have benefits beyond
CVD; (3) research funding that
encourages long-term CVD
interventions in LMIC, which should
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be determined by the needs of
individual countries; and (4) long-
term support for frugal healthcare
innovation (eftective solutions to
common problems with minimal use
of resources) to allow societies to
promote health while minimizing
out-of-pocket costs.

Frugal innovations may include
utilizing existing activities that
impact child survival and health to
also reduce CVD risk. For example,
micronutrient supplementation in
early childhood could be expanded
to include the mother, as poor
nutrition is linked to CVD.®! Further
promotion of breastfeeding could
improve infant outcomes and reduce
the risk of CVD risk factors, such as
Type 2 diabetes and hyper’[ension.62

Future Directions for Research

In HIC, additional research is
needed in non-white populations to
assess the epidemiology. It is also
important to identify which
interventions reduce CVD risk for
women with previous GH or PE.%
Improving communication between
patients and healthcare providers is
likely to be an essential component
of these approaches.

Identification and implementation
of interventions is only appropriate
once the epidemiology of CVD risk
after GH or PE is understood. This is
not well understood in LMIC despite
these countries being
disproportionately affected by GH,
PE, and CVD.? Only one study from
a LMIC (Iran) was identified in this
review.”” There is a clear rationale
and need for investigating
differences in the CVD risk after GH
or PE in LMIC.

Conclusions

PE and GH provide valuable
information regarding how
effectively a woman’s cardiovascular
system adapts to the physiological
demands of pregnancy, which has
implications for CVD risk
assessment. The period around
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childbearing offers a unique time in
a woman’s life to understand and
change the course of her chronic
disease trajectory. In HIC, women
with GH or PE should be aware of
their higher CVD risk, but further
research is needed to identify
effective strategies to reduce their
risk. In LMIC, there is a paucity of
research on CVD risks after GH or
PE. Thus, more studies are needed to
understand the epidemiology of the
association in these populations and
frugal innovation will be needed to
reduce CVD risk in populations with
fragile healthcare systems.

Acknowledgments

The authors would like to thank Dr Angela Wood for
providing useful comments on the first draft of the
article.

Declaration of Conflicting
Interests

The author(s) declared no potential conflicts of interest
with respect to the research, authorship, and/or
publication of this article.

Funding

The author(s) disclosed receipt of the following financial
support for the research, authorship, and/or publication
of this article: CO discloses funding by a British Heart
Foundation Cambridge Centre of Excellence (RE/13/6/
30180) and an early career fellowship from Homerton
College, University of Cambridge. CV and JJ received no
financial support for the research, authorship, and/or
publication of this article.

ORCID iD

Clare Oliver-Williams
3573-2426

https://orcid.org/0000-0002-

Supplemental Material

Supplemental material for this article is available online.

References

1. Gemechu KS, Assefa N, Mengistie B.
Prevalence of hypertensive disorders
of pregnancy and pregnancy outcomes
in Sub-Saharan Africa: A systematic
review and meta-analysis. Women'’s

10.

Heal. 2020;16:174550652097310. doi:
10.1177/1745506520973105

. Lo JO, Mission JF, Caughey AB.

Hypertensive disease of pregnancy
and maternal mortality. Curr Opin
Obstet Gynecol. 2013;25:124-132. doi:
10.1097/GCO.0b013e32835¢0ef5

. Roth GA, Abate D, Abate KH, et al.

Global, regional, and national age-
sex-specific mortality for 282 causes
of death in 195 countries and
territories, 1980-2017: a systematic
analysis for the global burden of
disease study 2017. Lancet. 2018;392:
1736-1788. doi:10.1016/S0140-
6736(18)32203-7

. Grandi SM, Filion KB, Yoon S, et al.

Cardiovascular disease-related
morbidity and mortality in women with
a history of pregnancy complications.
Circulation. 2019;139(8):1069-1079.
d0i:10.1161/CIRCULATIONAHA.118.
036748

. Roth GA, Johnson C, Abajobir A, et al.

Global, regional, and national burden
of cardiovascular diseases for 10
causes, 1990-2015. ] Am Coll Cardiol.
2017;70(1):1-25. doi:10.1016/j.jacc.
2017.04.052

. Suvakov S, Bonner E, Nikolic V, et al.

Overlapping pathogenic signalling
pathways and biomarkers in
preeclampsia and cardiovascular
disease. Pregnancy Hypertens. 2020,
20. doi:10.1016/j.preghy.2020.03.011

. Luoto R, Kharazmi E, Whitley E,

Raitanen J, Gissler M, Hemminki E.
Systolic hypertension in pregnancy
and cardiovascular mortality: A 44-year
follow-up study. Hypertens Pregnancy.
2008;27(1):87-94. doi:10.1080/
10641950701826810

. Lykke JA, Langhoff-Roos J, Sibai BM,

Funai EF, Triche EW, Paidas MJ.
Hypertensive pregnancy disorders and
subsequent cardiovascular morbidity
and type 2 diabetes mellitus in the
mother. Hypertension. 2009;53(6):
944-951. doi:10.1161/
HYPERTENSIONAHA.109.130765

. Andolf EG, Sydsjo GCMM, Bladh MK,

Berg G, Sharma S. Hypertensive
disorders in pregnancy and later
dementia: A swedish national register
study. Acta Obstet Gynecol Scand.
2017;96(4):464-471. doi:10.1111/a0gs.
13096

Haukkamaa L, Moilanen L, Kattainen
A, etal. Pre-eclampsia is a risk factor of
carotid artery atherosclerosis.
Cerebrovasc Dis. 2009;27(6):599-607.
doi:10.1159/000216834

11.

12.

13.

14.

16.

17.

18.

19.

American Journal of Lifestyle Medicine

Riise HKR, Sulo G, Tell GS, et al.
Hypertensive pregnancy disorders
increase the risk of maternal
cardiovascular disease after adjustment
for cardiovascular risk factors. Int J
Cardiol. 2019;282:81-87. doi:10.1016/
j.ijcard.2019.01.097

Riise HKR, Sulo G, Tell GS, et al.
Association between gestational
hypertension and risk of
cardiovascular disease among 617 589
norwegian women. / Am Heart Assoc.
2018;7(10):€008337. doi: 10.1161/
JAHA.117.008337

Wikstrom A-K, Haglund B, Olovsson M,
Lindeberg SN. The risk of maternal
ischaemic heart disease after gestational
hypertensive disease. BJOG. 2005;
112(11):1486-1491. doi:10.1111/j.1471-
0528.2005.00733 x

Minnisto T, Mendola P, Vadrasmaiki M,
et al. Elevated blood pressure in
pregnancy and subsequent chronic
disease risk. Circulation. 2013;127(6):
681-690. doi:10.1161/
CIRCULATIONAHA.112.128751

. Lykke JA, Langhoff-Roos J, Lockwood

CJ, Triche EW, Paidas M]J. Mortality of
mothers from cardiovascular and non-
cardiovascular causes following
pregnancy complications in first
delivery. Paediatr Perinat Epidemiol.
2010;24(4):323-330. doi:10.1111/j.
1365-3016.2010.01120.x

Wilson BJ, Watson MS, Prescott GJ,
et al. Hypertensive diseases of
pregnancy and risk of hypertension
and stroke in later life: Results from
cohort study. BMJ. 2003;326(7394):
845. doi:10.1136/bmj.326.7394.
845

Bhattacharya S, Prescott GJ, Iversen L,
Campbell DM, Smith WCS, Hannaford
PC. Hypertensive disorders of
pregnancy and future health and
mortality: A record linkage study.
Pregnancy Hypertens. 2012;2(1):1-7.
doi:10.1016/j.preghy.2011.08.116

Haug EB, Horn J, Markovitz AR, et al.
Association of conventional
cardiovascular risk factors with
cardiovascular disease after
hypertensive disorders of pregnancy:
Analysis of the nord-trendelag health
study. JAMA Cardiol. 2019;4(1):628-635.
doi:10.1001/jamacardio.2019.1746

Markovitz AR, Stuart JJ, Horn J, et al.
Does pregnancy complication history
improve cardiovascular disease risk
prediction? Findings from the HUNT
study in Norway. Eur Heart J, 2018;
40(14):1113-1120. DOI: 10.1093/
eurheartj/ehy863


https://orcid.org/0000-0002-3573-2426
https://orcid.org/0000-0002-3573-2426
https://orcid.org/0000-0002-3573-2426
https://doi.org/10.1177/1745506520973105
https://doi.org/10.1097/GCO.0b013e32835e0ef5
https://doi.org/10.1016/S0140-6736(18)32203-7
https://doi.org/10.1016/S0140-6736(18)32203-7
https://doi.org/10.1161/CIRCULATIONAHA.118.036748
https://doi.org/10.1161/CIRCULATIONAHA.118.036748
https://doi.org/10.1016/j.jacc.2017.04.052
https://doi.org/10.1016/j.jacc.2017.04.052
https://doi.org/10.1016/j.preghy.2020.03.011
https://doi.org/10.1080/10641950701826810
https://doi.org/10.1080/10641950701826810
https://doi.org/10.1161/HYPERTENSIONAHA.109.130765
https://doi.org/10.1161/HYPERTENSIONAHA.109.130765
https://doi.org/10.1111/aogs.13096
https://doi.org/10.1111/aogs.13096
https://doi.org/10.1159/000216834
https://doi.org/10.1016/j.ijcard.2019.01.097
https://doi.org/10.1016/j.ijcard.2019.01.097
https://doi.org/10.1161/JAHA.117.008337
https://doi.org/10.1161/JAHA.117.008337
https://doi.org/10.1111/j.1471-0528.2005.00733.x
https://doi.org/10.1111/j.1471-0528.2005.00733.x
https://doi.org/10.1161/CIRCULATIONAHA.112.128751
https://doi.org/10.1161/CIRCULATIONAHA.112.128751
https://doi.org/10.1111/j.1365-3016.2010.01120.x
https://doi.org/10.1111/j.1365-3016.2010.01120.x
https://doi.org/10.1136/bmj.326.7394.845
https://doi.org/10.1136/bmj.326.7394.845
https://doi.org/10.1016/j.preghy.2011.08.116
https://doi.org/10.1001/jamacardio.2019.1746
https://doi.org/10.1093/eurheartj/ehy863
https://doi.org/10.1093/eurheartj/ehy863

American Journal of Lifestyle Medicine

20.

21.

22.

23.

24.

25.

20.

27.

28.

29.

Jan e Feb 2023

Grandi SM, Reynier P, Platt RW, Basso
O, Filion KB. The timing of onset of
hypertensive disorders in pregnancy
and the risk of incident hypertension
and cardiovascular disease. Int J
Cardiol. 2018;270:273-275. doi:10.
1016/j djcard.2018.06.059

Skjaerven R, Wilcox AJ, Klungsgyr K,
etal. Cardiovascular mortality after pre-
eclampsia in one child mothers:
Prospective, population based cohort
study. BMJ. 2012;345:€7677. doi:10.
1136/bmj.e7677

Ray JG, Vermeulen MJ, Schull MJ,
Redelmeier DA. Cardiovascular health
after maternal placental syndromes
(CHAMPS): Population-based
retrospective cohort study. Lancet.
2005;366(9499):1797-1803. doi:10.
1016/50140-6736(05)67726-4

Cain MA, Salemi JL, Tanner JP, Kirby
RS, Salihu HM, Louis JM. Pregnancy as
a window to future health: Maternal
placental syndromes and short-term
cardiovascular outcomes. Am J Obstet
Gynecol. 2016;215(4):484.e1-484.e14.
doi:10.1016/j.aj0g.2016.05.047

Cirillo PM, Cohn BA. Pregnancy

complications and cardiovascular
disease death. Circulation. 2015;
132(13):1234-1242. doi:10.1161/

CIRCULATIONAHA.113.003901

Kestenbaum B, Seliger SL, Easterling
TR, et al. Cardiovascular and
thromboembolic events following
hypertensive pregnancy. Am J Kidney
Dis. 2003;42(5):982-989. doi: 10.1016/
j.ajkd.2003.07.001

Arnaout R, Nah G, Marcus G, et al.
Pregnancy complications and
premature cardiovascular events among
1.6 million California pregnancies. Open
Hear. 2019;6(5):¢000927. doi:10.1136/
openhrt-2018-000927

McDonald SD, Ray J, Teo K, et al.
Measures of cardiovascular risk and
subclinical atherosclerosis in a cohort
of women with a remote history of
preeclampsia. Atherosclerosis. 2013;
229(1):234-239. doi:10.1016/j.
atherosclerosis.2013.04.020.

Ray JG, Booth GL, Alter DA,
Vermeulen MJ. Prognosis after
maternal placental events and
revascularization: PAMPER study. Am J
Obstet Gynecol. 2016;214(1):
106.1-106.e14. doi:10.1016/j.ajog.
2015.08.021

Sia WW, Pertman SM, Yan RM, Tsuyuki
RT. Are preeclampsia and adverse
obstetrical outcomes predictors of
cardiovascular disease? A case-control

30.

31.

32.

33.

34.

35.

36.

37.

38.

study of women with heart disease.
J Obstet Gynaecol Can. 2019;41(12):
1760-1767. doi:10.1016/j.jogc.2019.03.
023

Gastrich MD, Gandhi SK,
Pantazopoulos J, et al. Cardiovascular
outcomes after preeclampsia or
eclampsia complicated by myocardial
infarction or stroke. Obstet Gynecol.
2012;120(4):823-831. doi:10.1097/
AOG.0b013e31826ae78a

Lin L-T, Tsui K-H, Cheng J-T, et al.
Intracranial hemorrhage in patients
with pregnancy-induced hypertension:
A nationwide population-based
retrospective cohort study. Med. 2016,
95(20):€3732. doi:10.1097/MD.
0000000000003732

Chen S-N, Cheng C-C, Tsui K-H, et al.
Hypertensive disorders of pregnancy
and future heart failure risk: A
nationwide population-based
retrospective cohort study. Pregnancy
Hypertens. 2018;13:110-115. doi: 10.
1016/j.preghy.2018.05.010

Borna S, Neamatipoor E, Radman N.
Risk of coronary artery disease in
women with history of pregnancies
complicated by preeclampsia and
LBW. J Matern Neonatal Med. 2012;
25(7):1114-1116. doi:10.3109/
14767058.2011.624218

Yeh JS, Cheng HM, Hsu PF, et al.
Synergistic effect of gestational
hypertension and postpartum incident
hypertension on cardiovascular health:
A nationwide population study. J Am
Heart Assoc. 2014;3(6):e001008. doi:
10.1161/JAHA.114.001008

Kuo YL, Chan TF, Wu CY, Ker C-R, Tu
H-P. Preeclampsia-eclampsia and
future cardiovascular risk among
women in Taiwan. Taiwan J Obstet
Gynecol. 2018;57(3):364-309. doi:10.
1016/j.tjog.2018.04.035

Tooher J, Thornton C, Makris A, Ogle
R, Korda A, Hennessy A. All
hypertensive disorders of pregnancy
increase the risk of future
cardiovascular disease. Hypertens
1979;70(4):798-803. doi:10.1161/
HYPERTENSIONAHA.117.09246

Arnott C, Nelson M, Alfaro Ramirez M,
et al. Maternal cardiovascular risk after
hypertensive disorder of pregnancy.
Heart. 2020;106(24):1927-1933. doi:
10.1136/heartjnl-2020-316541

Breetveld NM, Ghossein-Doha C, van
Neer J, et al. Decreased endothelial
function and increased subclinical
heart failure in women several years
after pre-eclampsia. Ultrasound Obstet

39.

40.

41.

42.

43.

44.

45.

40.

47.

Gynecol. 2018;52(2):196-204. doi:10.
1002/u0g.17534

Schmiegelow MD, Andersson C, Kgber
L, et al. Prepregnancy obesity and
associations with stroke and
myocardial infarction in women in the
years after childbirth. Circulation.
2014;129(3):330-337. doi:10.1161/
CIRCULATIONAHA.113.003142

Sattar N, Greer IA. Pregnancy
complications and maternal
cardiovascular risk: Opportunities for
intervention and screening? BMJ. 2002;
325(7356):157-160. doi:10.1136/bmj.
325.7356.157

Berks D, Hoedjes M, Raat H, Duvekot
JJ, Steegers EAP, Habbema JDF. Risk of
cardiovascular disease after pre-
eclampsia and the effect of lifestyle
interventions: A literature-based study.
BJOG. 2013;120(8):924-931. doi:10.
1111/1471-0528.12191

Chen CW, Jaffe 1Z, Ananth Karumanchi
S. Pre-eclampsia and cardiovascular
disease. Cardiovasc Res. 2014;101:
579-586.

Auger N, Fraser WD, Schnitzer M,
Leduc L, Healy-Profitos J, Paradis G.
Recurrent pre-eclampsia and
subsequent cardiovascular risk. Heart.
2017;103(3):235-243. doi:10.1136/
heartjnl-2016-309671

Noori M, Donald AE,
Angelakopoulou A, Hingorani AD,
Williams DJ. Prospective study of
placental angiogenic factors and
maternal vascular function before
and after preeclampsia and
gestational hypertension.
Circulation. 2010;122(5):478-487.
d0i:10.1161/CIRCULATIONAHA.
109.895458

Lui NA, Jeyaram G, Henry A.
Postpartum interventions to reduce
long-term cardiovascular disease risk
in women after hypertensive disorders
of pregnancy: A systematic review.
Front Cardiovasc Med. 2019;6:160. doi:
10.3389/fcvm.2019.00160

Hutchesson M]J, Taylor R, Shrewsbury
VA, et al. Be healthe for your heart: A
pilot randomized controlled trial
evaluating a web-based behavioral
intervention to improve the
cardiovascular health of women with
a history of preeclampsia. Int J Environ
Res Public Health. 2020;17:1-18. doi:
10.3390/ijerph17165779

Seely E, Stuart J, Skurnik G, et al. OR21-
4 heart health 4 moms: A randomized
trial to reduce cardiovascular risk in
women with recent preeclampsia.


https://doi.org/10.1016/j.ijcard.2018.06.059
https://doi.org/10.1016/j.ijcard.2018.06.059
https://doi.org/10.1136/bmj.e7677
https://doi.org/10.1136/bmj.e7677
https://doi.org/10.1016/S0140-6736(05)67726-4
https://doi.org/10.1016/S0140-6736(05)67726-4
https://doi.org/10.1016/j.ajog.2016.05.047
https://doi.org/10.1161/CIRCULATIONAHA.113.003901
https://doi.org/10.1161/CIRCULATIONAHA.113.003901
https://doi.org/10.1016/j.ajkd.2003.07.001
https://doi.org/10.1016/j.ajkd.2003.07.001
https://doi.org/10.1136/openhrt-2018-000927
https://doi.org/10.1136/openhrt-2018-000927
https://doi.org/10.1016/j.atherosclerosis.2013.04.020
https://doi.org/10.1016/j.atherosclerosis.2013.04.020
https://doi.org/10.1016/j.ajog.2015.08.021
https://doi.org/10.1016/j.ajog.2015.08.021
https://doi.org/10.1016/j.jogc.2019.03.023
https://doi.org/10.1016/j.jogc.2019.03.023
https://doi.org/10.1097/AOG.0b013e31826ae78a
https://doi.org/10.1097/AOG.0b013e31826ae78a
https://doi.org/10.1097/MD.0000000000003732
https://doi.org/10.1097/MD.0000000000003732
https://doi.org/10.1016/j.preghy.2018.05.010
https://doi.org/10.1016/j.preghy.2018.05.010
https://doi.org/10.3109/14767058.2011.624218
https://doi.org/10.3109/14767058.2011.624218
https://doi.org/10.1161/JAHA.114.001008
https://doi.org/10.1016/j.tjog.2018.04.035
https://doi.org/10.1016/j.tjog.2018.04.035
https://doi.org/10.1161/HYPERTENSIONAHA.117.09246
https://doi.org/10.1161/HYPERTENSIONAHA.117.09246
https://doi.org/10.1136/heartjnl-2020-316541
https://doi.org/10.1002/uog.17534
https://doi.org/10.1002/uog.17534
https://doi.org/10.1161/CIRCULATIONAHA.113.003142
https://doi.org/10.1161/CIRCULATIONAHA.113.003142
https://doi.org/10.1136/bmj.325.7356.157
https://doi.org/10.1136/bmj.325.7356.157
https://doi.org/10.1111/1471-0528.12191
https://doi.org/10.1111/1471-0528.12191
https://doi.org/10.1136/heartjnl-2016-309671
https://doi.org/10.1136/heartjnl-2016-309671
https://doi.org/10.1161/CIRCULATIONAHA.109.895458
https://doi.org/10.1161/CIRCULATIONAHA.109.895458
https://doi.org/10.3389/fcvm.2019.00160
https://doi.org/10.3390/ijerph17165779

vol. 17 e no. 1

48.

49.

50.

51

53.

J Endocr Soc. 2019;3(Suppl 1):
PMC6554792. doi:10.1210/js.2019-
or21-4.

Henry A, Arnott C, Makris A, et al.
Blood pressure postpartum (BP2) RCT
protocol: Follow-up and lifestyle
behaviour change strategies in the first
12 months after hypertensive
pregnancy. Pregnancy Hypertens.
2020;22:1-6. doi:10.1016/j.preghy.
2020.07.001

ClinicalTrials.Gov. Influence of
Conditional Workout Postpartum

on Arterial Stiffness Among Women
with Status after Preeclampsia,
Superimposed Preeclampsia or
HELLP-. https://clinicaltrials.gov/ct2/
show/NCT02754778. 2021. Accessed
June 11, 2021.

ClinicalTrials.Gov. Can Atorvastatin
Improve Vascular Function in Women
with a History of Preeclampsia? https://
clinicaltrials.gov/ct2/show/
NCT01278459. 2021. Accessed June 11,
2021.

Thangaratinam S, Rogozinska E, Jolly
K, et al. Effects of interventions in
pregnancy on maternal weight and
obstetric outcomes: Meta-analysis of
randomised evidence. BMJ. 2012;344:
€2088. doi:10.1136/bmj.e2088

. Vesco KK, Karanja N, King JC, et al.

Efficacy of a group-based dietary
intervention for limiting gestational
weight gain among obese women: A
randomized trial. Obesity. 2014;22(9):
1989-1996. doi:10.1002/0by.20831

World Health Organization. WHO
recommendations on postnatal care of

54.

55.

58.

59.

the mother and newborn. Geneva,
Switzerland:WHO Press; 2013.

ACOG. Optimizing Postpartum Care.
https://www.acog.org/clinical/
clinical-guidance/committee-
opinion/articles/2018/05/optimizing-
postpartum-care. 2018. Accessed June
10, 2021.

NICE. Postnatal care up to 8 weeks
after birth [CG37]. https://www.nice.
org.uk/guidance/cg37. 2015. Accessed
May 29, 2021.

. Bennett WL, Chang HY, Levine DM,

et al. Utilization of primary and
obstetric care after medically
complicated pregnancies: An analysis
of medical claims data. J Gen Intern
Med. 2014;29(4):636-45. doi:10.1007/
s11606-013-2744-2.

. Maddox TM, Albert NM, Borden WB,

et al. The learning healthcare system
and cardiovascular care: A scientific
statement from the american heart
association. Circulation. 2017;135(14):
€826—e857. doi:10.1161/CIR.
0000000000000480

Von Dadelszen P, Magee LA, Payne
BA, et al. Moving beyond silos: How
do we provide distributed
personalized medicine to pregnant
women everywhere at scale?
Insights from PRE-EMPT. Int J
Gynecol Obstet. 2015;131(Suppl 1):
§5-510. doi:10.1016/j.ijg0.2015.02.
008

Lopez-Gonzalez AA, Aguilo A,
Frontera M, et al. Effectiveness of the
heart age tool for improving modifiable
cardiovascular risk factors in

60.

61.

62.

63.

04.

American Journal of Lifestyle Medicine

a Southern European population:

a randomized trial. Eur J Prev Cardiol.
2015;22(3):389-3906. doi:10.1177/
2047487313518479

Lim S, Hill B, Pirotta S, et al. What are the
most effective behavioural strategies in
changing postpartum women’s physical
activity and healthy eating behaviours? A
systematic review and meta-analysis. / Clin
Med. 2020;9(1):237. doi:10.3390/
jcm9010237

Edet Ekpenyong C. Micronutrient
vitamin deficiencies and
cardiovascular disease risk: Advancing
current understanding. Eur J Prev Med.
2017;5:1-8. doi:10.11648/j.cjpm.
20170501.11

Rameez RM, Sadana D, Kaur S, et al.
Association of maternal lactation
with diabetes and hypertension: A
systematic review and meta-
analysis. JAMA Netw Open. 2019;
2(10):€1913401. doi:10.1001/
jamanetworkopen.2019.13401

NICE. Recommendations for research
| Hypertension in pregnancy:
diagnosis and management |
Guidance | NICE. https://www.nice.
org.uk/guidance/ng133/chapter/
Recommendations-for-research. 2018.
Accessed Jun 13, 2020.

Tranquilli AL, Dekker G, Magee L,
et al. The classification, diagnosis
and management of the
hypertensive disorders of
pregnancy: A revised statement
from the ISSHP. Pregnancy
Hypertens. 2014;4:97-104. doi:10.
1016/j.preghy.2014.02.001


https://doi.org/10.1210/js.2019-or21-4
https://doi.org/10.1210/js.2019-or21-4
https://doi.org/10.1016/j.preghy.2020.07.001
https://doi.org/10.1016/j.preghy.2020.07.001
https://clinicaltrials.gov/ct2/show/NCT02754778
https://clinicaltrials.gov/ct2/show/NCT02754778
https://clinicaltrials.gov/ct2/show/NCT01278459
https://clinicaltrials.gov/ct2/show/NCT01278459
https://clinicaltrials.gov/ct2/show/NCT01278459
https://doi.org/10.1136/bmj.e2088
https://doi.org/10.1002/oby.20831
https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2018/05/optimizing-postpartum-care
https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2018/05/optimizing-postpartum-care
https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2018/05/optimizing-postpartum-care
https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2018/05/optimizing-postpartum-care
https://www.nice.org.uk/guidance/cg37
https://www.nice.org.uk/guidance/cg37
https://doi.org/10.1007/s11606-013-2744-2
https://doi.org/10.1007/s11606-013-2744-2
https://doi.org/10.1161/CIR.0000000000000480
https://doi.org/10.1161/CIR.0000000000000480
https://doi.org/10.1016/j.ijgo.2015.02.008
https://doi.org/10.1016/j.ijgo.2015.02.008
https://doi.org/10.1177/2047487313518479
https://doi.org/10.1177/2047487313518479
https://doi.org/10.3390/jcm9010237
https://doi.org/10.3390/jcm9010237
https://doi.org/10.11648/j.ejpm.20170501.11
https://doi.org/10.11648/j.ejpm.20170501.11
https://doi.org/10.1001/jamanetworkopen.2019.13401
https://doi.org/10.1001/jamanetworkopen.2019.13401
https://www.nice.org.uk/guidance/ng133/chapter/Recommendations-for-research
https://www.nice.org.uk/guidance/ng133/chapter/Recommendations-for-research
https://www.nice.org.uk/guidance/ng133/chapter/Recommendations-for-research
https://doi.org/10.1016/j.preghy.2014.02.001
https://doi.org/10.1016/j.preghy.2014.02.001

	Maternal Cardiovascular Disease After Pre-Eclampsia and Gestational Hypertension: A Narrative Review
	Introduction
	Methods
	Cardiovascular Diseases After Gestational Hypertension or Pre-Eclampsia
	Shared Mechanisms or Cause and Effect?
	Interventions
	Expanding Intervention Opportunities in High-Income Countries
	Expanding Intervention Opportunities in Low- and Middle-Income Countries
	Future Directions for Research

	Conclusions
	Acknowledgments
	Declaration of Conflicting Interests
	Funding
	ORCID iD
	Supplemental Material
	References


