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ardiovascular disease continues to be the leading cause of death in the western world. Due to advancements in
diagnosis, prevention, and treatment, cardiovascular mortality has fallen in recent years. Previous studies have
evaluated the impact of traditional risk factors such as hypercholesterolemia and smoking. However, limited studies
have been conducted to evaluate sex discrepancies among patients with cardiovascular disease. Pre-eclampsia is a
multisystem placentally mediated disease, which usually arises after 32 weeks of gestation and classically presents
with hypertension and proteinuria. Pre-eclampsia affects 2% to 8% of all pregnancies worldwide and is often
complicated by fetal growth restriction. Women with a history of pre-eclampsia are at increased risk of future
cardiovascular complications. Therefore, this topic is of significance to the cardiovascular health of over 300 million
women worldwide. The goal of this review is to determine the association of pre-eclampsia and future cardiovascular
risk and to explore the potential management options for these high-risk women. (J Am Coll Cardiol
2014;63:1815–22) ª 2014 by the American College of Cardiology Foundation
Pre-eclampsia is a multisystem placentally mediated disease,
which usually occurs after 32 weeks of gestation, with
distinctive features of hypertension and proteinuria. Pre-
eclampsia affects 2% to 8% of all pregnancies (1). There-
fore, this topic is of significance to the cardiovascular health
of over 300 million women worldwide (2). The goal of this
review is to determine the association of pre-eclampsia and
future cardiovascular risk and to explore the potential
management options for these high-risk women.
Burden of Cardiovascular Disease in Women:
Overview

In the United States, coronary artery disease (CAD)
(including angina pectoris or myocardial infarction [MI])
affects 6.1% of all women over 20 years of age, and 20.8%
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of women over 75 years of age. From a wider perspective,
cardiovascular disease (CVD) (including CAD, stroke, and
other manifestations) is the leading cause of death among
women, accounting for 51.7% of all deaths, equating to
419,730 deaths in 2008. Hypertension (defined as either a
systolic blood pressure>140 mmHg, diastolic blood pressure
>90 mm Hg, or receiving or having been advised of the need
for antihypertensive medication) affects 32.7% of women of
all ages, with prevalence increasing throughout life, from
6.8% among women 20 to 34 years of age up to 78.5% of
women over 75 years of age (3).
Hypertension in Pregnancy and Pre-Eclampsia

Hypertension is the most common medical complication of
pregnancy, and can occur as gestational hypertension, pre-
eclampsia, chronic hypertension, or pre-eclampsia super-
imposed on chronic hypertension (4).Hypertension is defined
as a systolic blood pressure over 140mmHg or diastolic blood
pressure above 90 mm Hg. In chronic hypertension, this
abnormality is present before and following pregnancy,
whereas in gestational hypertension blood pressure elevation
is only present during pregnancy.

Pre-eclampsia usually occurs after 20 weeks of gestation
and resolves by 3 months post-partum, and is clinically
diagnosed based on symptoms of pre-eclampsia, present
concurrently with gestational hypertension. Pre-eclampsia is
a multisystem disorder that may involve renal dysfunction
(proteinuria more than 300 mg/24 h, creatinine of more
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than 90 mmol/l, or glomer-
uloendotheliosis), hematological
dysfunction (hemolysis, dissemi-
nated intravascular coagulation,
thrombocytopenia), hepatic dys-
function (raised transaminases with
or without right hypochondrium
pain), andneurological dysfunction
(hyperreflexia, visual disturbances,
and headache). Several different dia-
gnostic definitions of pre-eclampsia
exist; however, the diagnosis is
ultimately made based on the
presence of the aforementioned
criteria. Differences in definitions
used between organizations and
countries can lead to variations
in management strategy among these patients, and hetero-
geneity between various studies evaluating pre-eclampsia,
but utilizing different definitions (4). Pre-eclampsia can
lead to more severe conditions such as eclampsia; hemo-
lysis, elevated liver enzymes, and low platelets syndrome;
pulmonary edema; renal failure; disseminated intravas-
cular coagulation; placental abruption; and fetal growth
restriction (5).

Pathophysiology of Pre-Eclampsia

The pathological hallmark of pre-eclampsia is a failure in the
vascular remodeling of the maternal spiral arteries, resulting
in hypoperfusion of the placenta. This results in the release
of various factors, such as inflammatory cytokines and
antiangiogenic proteins (e.g., soluble vascular endothelial
growth factor-1, soluble endoglin) (6,7), which cause sys-
temic endothelial dysfunction, creating an imbalance in the
secretion of endothelin and thromboxane leading to vaso-
constriction. This increases lumen pressure, resulting in
systemic hypertension. Moreover, reduced perfusion to
different organ systems gives rise to the classical symptoms
and signs of pre-eclampsia: hypertension, proteinuria,
edema, headache, scotomata, reduced glomerular filtration
rate, and fetal growth restriction (4,8).

Increased Cardiovascular Risk Factors
Following Pre-Eclampsia

Following a pregnancy complicated by pre-eclampsia, the
prevalence of cardiovascular risk factors further increases. It
has been demonstrated that early onset pre-eclampsia leads
to an increased risk of developing metabolic syndrome in
later life compared to late onset pre-eclampsia (9). The
CHAMPS (Cardiovascular Health After Maternal Placental
Syndromes) study demonstrated a 12-fold increased risk of
CVD with a history of pre-eclampsia and metabolic syn-
drome compared to women with neither (hazard ratio [HR]:
11.7; 95% confidence interval [CI]: 4.9 to 28.3) (10). It is
thus clear that metabolic syndrome, pre-eclampsia, and
future CVD are related, but a direct causative relationship
has not yet been determined (11,12).

The Association of Pre-Eclampsia
and Future Cardiovascular Risk

Several trials have demonstrated that patients with pre-
eclampsia are at greater risk of developing CVD in later
life. Data from studies are displayed in Table 1. The
CHAMPS study cohort included 1.03 million women, none
of whom had CVD before their first pregnancy. It was
observed that CVD (defined as hospital admission or
revascularization for coronary artery, cerebrovascular, or
peripheral artery disease at least 90 days after the delivery
discharge date) was twice as common (HR: 2.0; 95% CI: 1.7
to 2.2) in women who had a placentally mediated condition
in pregnancy (gestational hypertension, pre-eclampsia,
placental abruption, or infarction). A Taiwanese popula-
tion based cohort study demonstrated an increased risk of
major CV events (MI, cardiac shock, malignant dysrhy-
thmia, cerebrovascular accident, or any other condition
requiring percutaneous cardiac intervention, coronary artery
bypass, an implantable cardiac defibrillator, or thrombolysis)
within 3 years of a pre-eclamptic pregnancy (HR: 12.6; 95%
CI: 2.4 to 66.3) (13). Another study demonstrated increased
rates of cardiovascular events (hospitalizations for acute MI,
acute stroke, or undergoing a coronary artery revasculariza-
tion procedure) among women with a history of pre-
eclampsia (HR: 2.2; 95% CI: 1.3 to 3.6) and increased
thromboembolic events among women with previous severe
pre-eclampsia (HR: 2.3; 95% CI: 1.3 to 4.2) during a mean
follow-up of 7.8 years (14).

Other studies have followed these women long term to
determine future risk of CVD and demonstrated increased
rates of hospitalization and death from ischemic heart dis-
ease (IHD) (risk ratio: 2.24; 95% CI: 1.42 to 3.53) (15) and
MI (risk ratio: 2.0; 95% CI: 1.5 to 2.5) (16) during 15 to
19 years of follow-up. The Rochester Family Heart Study,
with a mean follow-up of 27 years, demonstrated that the
coronary artery calcium score was higher among those with a
history of pre-eclampsia (odds ratio [OR]: 2.4; 95% CI: 1.2
to 4.9) after adjustment for age, blood pressure, and body
mass index (17). Moreover, a population based cohort study
in Norway demonstrated that following pre-eclampsia and
pre-term delivery, with a 25 year follow-up, there was
elevated maternal death due to CVD defined as IHD, dis-
ease of the pulmonary circulation, or disease affecting the
heart (HR: 8.12; 95% CI: 4.31 to 15.33) (18). A Californian
study, with a median follow-up of 37 years, demonstrated
increased CVD related death following pre-eclampsia (HR:
2.14; 95% CI: 1.29 to 3.57) with a further significant in-
crease in risk if pre-eclampsia occurred before 34 weeks
gestation (HR: 9.54; 95% CI: 4.5 to 20.26) (19).

A previous systematic review and meta-analysis demon-
strated increased cardiovascular mortality (due to IHD,



Table 1
Studies Assessing the Risk of Different Manifestations of Vascular Disease Following a Pregnancy Complicated by
Hypertensive Disorder

First Author (Ref. #) Design Population Size
Follow-Up
Period, yrs

Outcome
Measures

Risk of Outcome Measure
Being Present/Occurring

HR (95% CI)

Jonsdottir et al. (60) Case records from Iceland
between 1931–1947

7,543 NA Death due to IHD 1.47 (1.05–2.02)

Hannaford et al. (15) Prospective cohort study in
1,400 general practice
surgeries of the United
Kingdom

23,000 NA Hypertension
IHD
Angina
Venous thromboembolism

2.35 (2.08–2.65)
1.65 (1.26–2.16)
1.53 (1.09–2.15)
1.62 (1.09–2.41)

Irgens et al. (18) Cohort study from Norwegian
medical birth registry
1967–1992

626,272 NA Death from cardiovascular
causes

8.12 (4.31–15.33) with
pre-eclampsia and
pre-term delivery

Smith et al. (16) Analysis of mothers with
singleton pregnancies from
1981–1985 in Scotland

129,920 15–19 IHD 2.0 (1.5–2.5)

Kestenbaum et al. (14) Analysis of mothers with
singleton pregnancies from
1987–1998 in Washington
State

31,239 NA CV events
Thromboembolic events

2.2 (1.3–3.6) (mild
pre-eclampsia) and
3.3 (1.7–6.5) (severe

pre-eclampsia)
2.3 (1.3–4.2) (severe

pre-eclampsia)

Wilson et al. (41) Females with singleton
pregnancies from 1951
to 1970 in Aberdeen
(Scotland)

1,199 NA Hypertension
Death from stroke

3.98 (2.82–5.61)
3.59 (1.04–12.4) (adjusted

incident rate ratio)

Ray et al. (10) Population based
retrospective cohort study in
Ontario, Canada

1.03 million NA CVD 2.0 (1.7–2.2)
(adjusted)

Brown et al. (42) Stroke prevention in young
women study

261 NA Stroke 1.63 (1.02–2.62)

Bellamy et al. (28) Systematic review and
meta-analysis; 25 papers
published between 1960
and 2006

3,488,160 14.1
11.7
14.5
10.4

(mean)

Hypertension
IHD
Overall mortality
Stroke

3.7 (2.7–5.05)
2.16 (1.86–2.52)
1.49 (1.05–2.14)
1.81 (1.45–2.27)

McDonald et al. (20) Meta-analysis of 5 case
controls and 10 cohort
studies

2,375,751 NA CV mortality
Stroke
Peripheral arterial disease

2.29 (1.73–3.04)
2.03 (1.54–2.67)
1.87 (0.94–3.73)

Cassidy-Bushrow et al. (17) Rochester cohort study 498 Mean: 27 Presence of a raised coronary
artery calcium score

2.4 (1.2–4.9)
(with hypertension during

pregnancy)

Lykke et al. (24) Cohort from Denmark 782,287 Median: 14.6 Hypertension
IHD
Stroke

6.73 (6.04–7.49)
1.75 (1.46–2.11)
1.66 (1.29–2.14)
(following severe
pre-eclampsia)

Magnussen et al. (25) Norwegian medical birth
registry

15,065 Mean: 16.5 Hypertension 3.1 (2.2–4.3)

Garovic et al. (26) Family Blood Pressure
Program Study Phase 2

4,782 1996–2004 Hypertension
Stroke

1.88 (1.49–2.39)
2.10 (1.19–3.71)

Mongraw-Chaffin et al. (19) Kaiser Permanente Health
Plan in California

14,403 Median 37 Death due to CVD 2.14 (1.29–3.57)
9.54 (4.50–20.26) if onset

of pre-eclampsia before
34 weeks’ gestation

Lin et al. (13) Taiwan cohort study based on
birth registries

1,132,064 >3 yrs Stroke
MI
Any CV event

14.5 (1.3–165.1)
13.0 (4.6–6.3)
12.6 (2.4–66.3)

Drost et al. (27) Preeclampsia Risk Evaluation
in Females Study: case
control study assessing
CV risk factors

339 10.7 (mean) Hypertension
Metabolic syndrome

3.59 (2.48–5.20)
2.18 (1.34–3.52)

Brown et al. (21) Systematic review and
meta-analysis: 43 studies

NA NA CVD
Stroke
Hypertension

2.28 (1.87–2.78)
1.76 (1.43–2.21)
3.13 (2.51–3.89)

CI ¼ confidence interval; CV ¼ cardiovascular; CVD ¼ cardiovascular disease; IHD ¼ ischemic heart disease, MI ¼ myocardial infarction; NA ¼ not available.
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CAD, MI, or congestive heart failure) with a history of pre-
eclampsia (OR 2.29; 95% CI: 1.73 to 3.04) (20). Recently, a
large meta-analysis of 43 studies demonstrated that women
with a history of pre-eclampsia or eclampsia had an
increased risk of CVD (leading to either a clinical diagnosis
or a fatal outcome) (HR: 2.28; 95% CI: 1.87 to 2.78),
cerebrovascular disease (HR: 1.76; 95% CI: 1.43 to 2.21)
and of developing hypertension (HR: 3.13; 95% CI: 2.51 to
3.89) (21). Varying risk rates reported by different studies
may be due to the fact that studies were conducted in
different patient populations with different risk profiles, and
at different time periods. Nevertheless, the risk of future
cardiovascular events following a pre-eclamptic event re-
mains consistently high across all studies.

The Association of Pre-Eclampsia and
Future Risk of Chronic Hypertension

Several studies have demonstrated the association of pre-
eclampsia with future development of chronic hyperten-
sion. A prospective cohort study of 815 women, with an
average 10 years’ follow-up, observed that hypertension in
later life was more common in those primigravid women
who had pre-eclampsia or eclampsia than in the control
group of women who were normotensive during pregnancy
(relative risk [RR]: 2.63; 95% CI: 1.66 to 4.17) (22).
Additionally, recurrent pre-eclampsia or pre-eclampsia
developing before 30 weeks of gestation has been observed
to further augment the risk of future hypertension (23).

A Danish registry based cohort, which followed up
women with severe pre-eclampsia for a median follow-up of
14.6 years after the affected pregnancy, observed an
increased risk of developing hypertension (HR: 6.73; 95%
CI: 6.04 to 7.49) (24). Similarly, the medical birth registry of
Norway and Nord-Trøndelag Health Study demonstrated
an increase in the need for medication to manage hyper-
tension (after a mean follow-up of 16.5 years) in those with
history of pre-eclampsia (OR: 3.1; 95% CI: 2.2 to 4.3) (25).
Analysis of patient data from phase 2 of the Family Blood
Pressure Programme Study demonstrated an increased risk
of suffering from chronic hypertension after 40 years of age
for women who experienced hypertension during pregnancy
compared to those who remained normotensive during
pregnancy (HR: 1.88; 95% CI: 1.49 to 2.39) (26).

The PREVFEM (Preeclampsia Risk EValuation in
FEMales) study evaluated the prevalence of various cardio-
vascular risk factors in women with a history of early onset
pre-eclampsia with a 10-year follow-up, and observed that
among these women there was an increased risk of hyper-
tension (adjusted HR: 3.59; 95% CI: 2.48 to 5.20), and also
a higher prevalence of obesity (26.8% vs. 20.2%, p ¼ 0.04)
along with an increased waist circumference (86.5 cm vs.
83.2 cm, p ¼ 0.001) compared to the control group (27).

A recent systematic review and meta-analysis demon-
strated that 1,885 of 3,658 (52%) of women with a history of
pre-eclampsia had hypertension after an average follow-up
of 14.1 years (RR: 3.70; 95% CI: 2.70 to 5.05) (28).
Lykke et al. (24) subclassified pre-eclampsia into mild (hy-
pertension and proteinuria) and severe (as with mild
but with the addition of signs of hemolysis, elevated liver
enzymes, and low platelets syndrome). They demonstrated
that the risk of chronic hypertension was greatest with severe
pre-eclampsia (RR: 6.07, as compared to 3.61 for mild pre-
eclampsia, following adjustment for subsequent develop-
ment of type 2 diabetes).

The Association of Pre-Eclampsia and
Arterial Stiffness

Arterial stiffness can be determined by using ultrasound to
calculate the pulse wave velocity (PWV). Women with
elevated PWVs have been observed to be at an increased risk
of developing pre-eclampsia (29,30). Meta-analysis has
demonstrated that increase in PWV (and thus increased
vascular stiffness) is an important feature of pre-eclampsia
(31). In a study that assessed women with a history of
pre-eclampsia, at a mean of 16 months after delivery, a trend
toward increased heart to brachial PWV was observed, with
more central measures of PWV (heart to femoral and heart
to carotid) not being significantly elevated; this suggests that
there may be persistent vascular stiffness affecting mainly the
smaller arteries following a pre-eclamptic pregnancy (32).
This is supported by a study by Yinon et al. (33), who also
observed, through calculation of the radial augmentation
index (a measure of arterial stiffness derived similarly to
PWV), that women with a history of early onset pre-
eclampsia, who at the time of the study were 6 to 24
months post-partum, had increased arterial stiffness (p ¼
0.0105). Among women with late onset pre-eclampsia, the
trend toward increased arterial stiffness was not statistically
significant (p ¼ 0.08) (33).

Pulse wave reflection, a measurement of arterial stiffness
related to endothelial dysfunction, has also been observed to
be elevated during pre-eclampsia; however, among
nonpregnant normotensive women with a previous history
of pre-eclampsia who were also included in the study a
similar increase was not noted (34). Another technique,
velocity vector imaging, has also been used to demonstrate
increased arterial stiffness in pre-eclamptic women (35);
however, it has not yet been used to evaluate arterial stiffness
following pre-eclampsia.

The Association of Pre-Eclampsia and
Gestational Hyperlipidemia or Insulin Resistance

Normal gestational hyperlipidemia is known to involve
approximately a 3-fold increase in triglyceride levels and
50% increase in total cholesterol, mainly low low-density
lipoprotein (LDL) and phospholipids, which typically return
to normal levels by 6 to 10 weeks post-partum. In a study
by Hubel et al. (36) consisting of gestationally matched
pre-eclamptic and normal pregnant women, the LDL
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cholesterol:apolipoprotein B ratio was decreased and triglyc-
eride concentrations were increased in patients with pre-
eclampsia. Serum soluble vascular cell adhesion molecule-1,
concentrations were markedly increased in pre-eclampsia.
Apolipoprotein B, free fatty acids, total cholesterol, and
LDL cholesterol were also increased. This study concluded
that the predominance of smaller, denser LDL, a potential
contributor to endothelial cell dysfunction, is a feature of
pre-eclampsia (36). These findings are also supported by
those from a similar study conducted by Sattar et al. (37).
Abnormal lipid parameters may be a contributor to future
cardiovascular risk in these women.

In normal pregnancy, insulin sensitivity is decreased to
allow better transfer of glucose to the fetus. However, in pre-
eclampsia insulin resistance is exaggerated for up to 3 months
post-partum. The risk of developing diabetes mellitus after a
pre-eclamptic pregnancy has been observed to increase
almost 2-fold (38,39).

The Association of Pre-Eclampsia and
Peripheral Vascular Disease or Stroke

There have been fewer studies examining the relationship
between pre-eclampsia and subsequent risk of peripheral
vascular disease or stroke. Initially, a report from the World
Health Organization identified gestational hypertension as a
risk factor for thromboembolic disease only in those women
who were taking the oral contraceptive pill (40). The Stroke
Prevention in YoungWomen Study suggested pre-eclampsia
as a risk factor for stroke. This study observed that, as
compared to normotensive pregnancies, women with history
of pre-eclampsia had an increased risk for death from stroke
(adjusted RR: 3.59; 95% CI: 1.04 to 12.4) (41,42). Similarly,
the increased risk for stroke in women who reported hyper-
tension in pregnancy remained significantly elevated, even
after controlling for traditional risk factors in the Family
Blood Pressure Programme study (HR: 2.10; 95% CI: 1.19
to 3.71) (26) and in the previously discussed Taiwanese
population based cohort study (HR: 14.5; 95% CI: 1.3 to
165.1) with up to 6.8 years of follow-up (13).

Risk of CVD in Children Born to
Pre-Eclamptic Women

Importantly, it has also been observed that pre-eclampsia has
implications for the child’s cardiovascular health following
birth that persist throughout life. Several studies, and meta-
analysis thereof, have observed that blood pressure among
such children is elevated by, on average, 2.39 mm Hg sys-
tolic and 1.35 mm Hg diastolic, with most participants in
these studies being under 20 years of age (range 4 to 30 years
of age) (2).

A further study demonstrated elevated pulmonary artery
pressure (by approximately 30%) and reduced flow-mediated
dilation (again by 30%) among children 13 (�7 years) years
of age born after pre-eclamptic pregnancies (43). However,
this study was conducted in a population living at high
altitude (3,600 m above sea level) and so may not be entirely
representative of more typical patient groups.

In later life, the Helsinki Birth Cohort Study observed
that children born following pre-eclamptic pregnancies had
almost double the risk of stroke over its 75 years of obser-
vation (HR: 1.9; 95% CI: 1.2 to 3.0; p ¼ 0.01) (44). It is
hypothesized that fetal metabolic adaptations may manifest
as CVD in later life (45).
Managing CVD Risk Among
Previously Pre-Eclamptic Women

Given the elevated risk of CVD following pre-eclampsia, the
key question is whether interventions to reduce the risks are
appropriate. Current systems for formally scoring cardio-
vascular risk, such as QRISK (46), do not take pre-eclampsia
into account as an independent risk factor. However, due to
associated risks, such as increased prevalence of metabolic
syndrome and/or its constituent features, women with prior
pre-eclampsia have been observed to have elevated risk
scores using systems such as the Framingham risk score, the
Systematic Coronary Risk Evaluation (SCORE), and the
Reynolds risk score (47,48). Therefore, calculation of 10-
year risk of CVD during post-partum follow-up could
provide a valuable opportunity to identify women at greatest
risk of future CVD, and for whom intervention is likely to
be most beneficial.

In their 2011 guidelines for the prevention of CVD in
women (49), the American Heart Association considered a
previous history of pre-eclampsia or gestational diabetes
to be a “major risk factor” as part of its system of risk
assessment, alongside conditions such as hypertension and
hypercholesterolemia, and other features such as smoking,
physical inactivity, obesity, or family history. Presence of 1,
or more, of these factors fulfills the guidelines criteria for
being “at risk” of CVD, with a 5.5% annual risk of MI,
stroke, or death due to cardiovascular causes. This compares
to a 19% risk among patients in “high-risk states” (with
established CVD, a �10% CVD risk [determined by risk
score], diabetes, or renal failure) and a 2.2% annual risk
among women in the absence of these risk factors. The most
suitable treatment to prevent future CVD therefore varies
according to risk category, and women with previous pre-
eclampsia are at least “at risk” of CVD. This risk is poten-
tially compounded by additional comorbidities and risk
factors; however, only the presence of features of 1 or more
“high-risk states” is sufficient to increase the risk classification
based on these guidelines. There is little evidence to guide
risk stratification among women with prior pre-eclampsia,
and it is therefore left largely to clinician discretion.

The National Institute of Clinical Excellence guidelines in
the United Kingdom recommend that a post-natal review of
the woman’s health be conducted at 6 to 8 weeks following a
pre-eclamptic pregnancy (50). This provides an excellent
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opportunity for cardiovascular risk assessment among these
women, and a chance to consider the early implementation
of interventional measures. At this time, women should be
advised of the implications pre-eclampsia has for future
pregnancies, and it is also appropriate to educate them
regarding the increased CVD risk that they face. When
assessing cardiovascular risk among these women, transient
features of pre-eclampsia (such as hypertension or renal
dysfunction) may still persist and have not yet resolved (51).
Risk scores should be calculated to account for traditional risk
factors, and we would suggest that at this time womenwith an
estimated annual risk above 5% (in line with the American
HeartAssociation’s “at-risk” group) should be followed up at 6
to 12 months post-partum, in order to reassess risk. In the
meantime, lifestyle modification measures can be imple-
mented to facilitate the resolution of the pre-eclamptic
pathology and improve cardiovascular health, and during
follow-up other treatment options can be considered.

Pharmacological and Lifestyle Management of
Previously Pre-Eclamptic Women

Among women whose blood pressure exceeds 140/90mmHg
(130/80 mm Hg in patients with comorbid chronic kidney
disease or diabetes mellitus) pharmacological measures are
appropriate (Class I, Level of Evidence: A) (49). In the
presence of cardiovascular risk factors and a high annual
CVD risk (>20%), moderate risk (10% to 20%), or lower risk
(<10%) medications (statins) may be administered to lower
LDL to the levels of 100 mg/dl, 130 mg/dl, or 160 mg/dl,
respectively (Class I, Level of Evidence: B) (49). Aspirin
therapy of 81 mg once daily or 100 mg every 2 days is indi-
cated among at-risk normotensive women over 65 years of
age; if they are under 65 years of age it is also indicated for
those with significant additional stroke risk (49).

A previous study observed a dramatic reduction in rates of
the combined outcome of stroke, MI, or cardiovascular
mortality among groups receiving the Mediterranean diet in
patients with high cardiovascular risk (HR: 0.7; 95% CI:
0.55 to 0.89; p ¼ 0.003), which was driven primarily by
a reduced risk of stroke (HR: 0.61; 95% CI: 44 to 0.86;
p ¼ 0.005) (52). Wider lifestyle modification programs,
combining diet modification with increasing exercise levels,
may also be of benefit in reducing CVD prevalence among
previously pre-eclamptic women (53).

During pregnancy, many women quit smoking (54);
however, there is a high recurrence rate in the post-partum
period. More intense support may therefore be warranted to
facilitate maintenance of cessation, but may not be readily
available (55). A therapy program focused specifically at these
women (STARTS [Strategies To Avoid Returning To
Smoking]) is currently being evaluated, and may become a
useful tool with which to eliminate a significant cardiovascular
risk factor among these already at-risk women (56). Despite
the potential role of oxidative stress in leading to the endo-
thelial damage following pre-eclampsia, there is a lack of
conclusive data on the usefulness of vitamins C and E, as well
as other antioxidants, in primary prevention of coronary heart
disease (57), as well as in the prevention of pre-eclampsia (58),
and the use of antioxidants during pregnancy may lead to
adverse effects such as membrane rupture (59).

Limitations of Studies Thus Far

The cohorts of women evaluated in the retrospective studies
discussed often had different timelines between pregnancy and
clinical CVD. It is therefore likely that factors other than
history of pre-eclampsia contribute to the development of
CVD in women with a large gap between the 2 events. To
accurately determine the impact of pre-eclampsia it is impor-
tant that the patients enrolled in studies have similar risk factor
profiles, similar pre-, inter-, and post-pregnancy demographics
and standardized definitions of the many variables.

Several of these studies discussed might have been influ-
enced by poor recall and inability to confirm a diagnosis of
pre-eclampsia due to their retrospective nature, and com-
parisons between studies may be hampered due to differ-
ences in follow-up time and the varying definitions of
placentally mediated conditions over time. This might have
also meant that women with similar placentally mediated
conditions, such as gestational hypertension, might have
been included in their cohorts. The impact of this is not
immediately apparent, as the relative magnitude of the effect
of these other conditions on the cardiovascular risk of a
woman is not yet known, and the studies that have com-
pared it to that of pre-eclampsia have yielded contradictory
results (14,15,60).

Pre-eclampsia is a multifaceted condition. If high-quality,
large-scale, multicenter trials on pre-eclampsia are to be
conducted, they should involve patients with a broad spec-
trum of ethnicities and different risk factors for developing
the condition. As much of the current data comes from
medical or death registries in Scandinavia, these registries
may fail to capture outpatient episodes such as hypertension,
thromboembolic disease, and metabolic syndrome. This
makes these studies open to bias, as only those events that
led to hospitalization, which are typically much more severe,
such as MI or death, are recorded. Moreover, lack of follow-
up and publication bias are other potential limitations in
these cohort studies. To reduce diagnosis misclassification,
disease under-reporting and improve register sensitivity for
pre-eclampsia detection, there is also a need for standardized
definitions across studies for gestational hypertension, pre-
eclampsia, and eclampsia.

Future Directions

It has been suggested that pregnancy should be seen as a
failed stress test (61). Those who develop pre-eclampsia have
developed a metabolic syndrome under the stress of preg-
nancy, and henceforth, are more likely to develop metabolic
syndrome and subsequent CVD later on in life. This patient
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population may therefore benefit from early interventions to
prevent CVD (25). Greater insight into the process of acute
atherosis of the uterine spiral arteries and understanding of
the molecular interaction between trophoblast and vascular
cells may cast better light on development of arteriosclerosis,
stenosis and CVD later in life (62).

Conclusions

Pre-eclampsia is an under-recognized risk factor for IHD,
chronic hypertension, peripheral vascular disease, and stroke.
Potential mechanisms for CVD include endothelial,
vascular, and metabolic dysfunction encountered during pre-
eclampsia, which does not recover post-partum. Alterna-
tively, pre-eclampsia during pregnancy could be a marker for
future CVD, as both conditions share similar genetics,
similar pathophysiology, such as hyperlipidemia, and several
common risk factors, such as obesity, diabetes mellitus, and
renal disease. Given that CVD remains the largest cause of
death among women, new studies investigating this high-
risk condition should be carried out to understand the dis-
ease further, and to develop novel therapeutic strategies to
manage this condition in order to reduce the global burden
of CVD among women.

Reprint requests and correspondence: Dr. Vijay Kunadian,
Institute of Cellular Medicine, Faculty of Medical Sciences,
Newcastle University, 3rd Floor William Leech Building, New-
castle upon Tyne NE2 4HH, United Kingdom. E-mail: vijay.
kunadian@newcastle.ac.uk.

REFERENCES

1. Duley L. The global impact of pre-eclampsia and eclampsia. Semin
Perinatol 2009;33:130–7.

2. Davis EF, Lazdam M, Lewandowski AJ, et al. Cardiovascular risk
factors in children and young adults born to preeclamptic pregnancies: a
systematic review. Pediatrics 2012;129:e1552–61.

3. Roger VL, Go AS, Lloyd-Jones DM, et al. Heart disease and stroke
statisticsd2012 update: a report from the American Heart Association.
Circulation 2012;125:e2–220.

4. Brown MA, Lindheimer MD, de Swiet M, Van Assche A,
Moutquin JM. The classification and diagnosis of the hypertensive
disorders of pregnancy: statement from the International Society for the
Study of Hypertension in Pregnancy (ISSHP). Hypertens Pregnancy
2001;20:IX–XIV.

5. Sibai BM. Diagnosis and management of gestational hypertension and
preeclampsia. Obstet Gynecol 2003;102:181–92.

6. Powe CE, Levine RJ, Karumanchi SA. Preeclampsia, a disease of the
maternal endothelium: the role of antiangiogenic factors and implica-
tions for later cardiovascular disease. Circulation 2011;123:2856–69.

7. Mutter WP, Karumanchi SA. Molecular mechanisms of preeclampsia.
Microvasc Res 2008;75:1–8.

8. Redman CW, Sargent IL. Latest advances in understanding pre-
eclampsia. Science 2005;308:1592–4.

9. Stekkinger E, Zandstra M, Peeters LL, Spaanderman ME. Early onset
preeclampsia and the prevalence of postpartum metabolic syndrome.
Obstet Gynecol 2009;114:1076–84.

10. Ray JG, Vermeulen MJ, Schull MJ, Redelmeier DA. Cardiovascular
health after maternal placental syndromes (CHAMPS): population-
based retrospective cohort study. Lancet 2005;366:1797–803.

11. Williams D. Pregnancy: a stress test for life. Curr Opin Obstet Gynecol
2003;15:465–71.
12. Romundstad PR, Magnussen EB, Smith GD, Vatten LJ. Hyperten-
sion in pregnancy and later cardiovascular risk: common antecedents?
Circulation 2010;122:579–84.

13. Lin YS, Tang CH, Yang CY, et al. Effect of pre-eclampsia-eclampsia
on major cardiovascular events among peripartum women in Taiwan
(erratum appears in Am J Cardiol 2011;107:1104). Am J Cardiol 2011;
107:325–30.

14. Kestenbaum B, Seliger SL, Easterling TR, et al. Cardiovascular and
thromboembolic events following hypertensive pregnancy. Am J Kid-
ney Dis 2003;42:982–9.

15. Hannaford P, Ferry S, Hirsch S. Cardiovascular sequelae of toxaemia of
pregnancy. Heart 1997;77:154–8.

16. Smith GC, Pell JP, Walsh D. Pregnancy complications and maternal
risk of ischaemic heart disease: a retrospective cohort study of 129,290
births. Lancet 2001;357:2002–6.

17. Cassidy-Bushrow AE, Bielak LF, Rule AD, et al. Hypertension during
pregnancy is associated with coronary artery calcium independent of
renal function. J Womens Health (Larchmt) 2009;18:1709–16.

18. Irgens HU, Reisaeter L, Irgens LM, Lie RT. Long term mortality of
mothers and fathers after pre-eclampsia: population based cohort study.
BMJ 2001;323:1213–7.

19. Mongraw-Chaffin ML, Cirillo PM, Cohn BA. Preeclampsia and
cardiovascular disease death: prospective evidence from the child health
and development studies cohort. Hypertension 2010;56:166–71.

20. McDonald SD, Malinowski A, Zhou Q, Yusuf S, Devereaux PJ.
Cardiovascular sequelae of preeclampsia/eclampsia: a systematic review
and meta-analyses. Am Heart J 2008;156:918–30.

21. Brown MC, Best KE, Pearce MS, Waugh J, Robson SC, Bell R.
Cardiovascular disease risk in women with pre-eclampsia: systematic
review and meta-analysis. Eur J Epidemiol 2013;28:1–19.

22. Sibai BM, el-NazerA,Gonzalez-RuizA. Severe preeclampsia-eclampsia
in youngprimigravidwomen: subsequent pregnancy outcome and remote
prognosis. Am J Obstet Gynecol 1986;155:1011–6.

23. Selvaggi L, Loverro G, Schena FP, Manno C, Cagnazzo G. Long term
follow-up of women with hypertension in pregnancy. Int J Obstet
Gynecol 1988;27:45–9.

24. Lykke JA, Langhoff-Roos J, Sibai BM, Funai EF, Triche EW,
Paidas MJ. Hypertensive pregnancy disorders and subsequent cardio-
vascular morbidity and type 2 diabetes mellitus in the mother. Hy-
pertension 2009;53:944–51.

25. Magnussen EB, Vatten LJ, Smith GD, Romundstad PR. Hypertensive
disorders in pregnancy and subsequently measured cardiovascular risk
factors. Obstet Gynecol 2009;114:961–70.

26. Garovic VD, Bailey KR, Boerwinkle E, et al. Hypertension in preg-
nancy as a risk factor for cardiovascular disease later in life. J Hypertens
2010;28:826–33.

27. Drost JT, Arpaci G, Ottervanger JP, et al. Cardiovascular risk factors in
women 10 years post early preeclampsia: the Preeclampsia Risk
EValuation in FEMales study (PREVFEM). Eur J Prev Cardiol 2012;
19:1138–44.

28. Bellamy L, Casas JP, Hingorani AD, Williams DJ. Pre-eclampsia and
risk of cardiovascular disease and cancer in later life: systematic review
and meta-analysis. BMJ 2007;335:974.

29. Savvidou MD, Kaihura C, Anderson JM, Nicolaides KH. Maternal
arterial stiffness in women who subsequently develop pre-eclampsia.
PloS One 2011;6:e18703.

30. Veerasamy M, Ford G, Neely D, et al. Association of aging, arterial
stiffness and cardiovascular disease: a review. Cardiol Rev 2014 Jan 15
[E-pub ahead of print].

31. Hausvater A, Giannone T, Sandoval YH, et al. The association bet-
ween preeclampsia and arterial stiffness. J Hypertens 2012;30:17–33.

32. Evans CS, Gooch L, Flotta D, et al. Cardiovascular system during the
postpartum state in women with a history of preeclampsia. Hyperten-
sion 2011;58:57–62.

33. Yinon Y, Kingdom JC, Odutayo A, et al. Vascular dysfunction in
women with a history of preeclampsia and intrauterine growth re-
striction: insights into future vascular risk. Circulation 2010;122:
1846–53.

34. Ronnback M, Lampinen K, Groop PH, Kaaja R. Pulse wave reflection
in currently and previously preeclamptic women. Hypertens Pregnancy
2005;24:171–80.

35. Ma XJ, Duan YY, Yuan LJ, et al. Quantitative assessment of maternal
common carotid artery mechanics using velocity vector imaging in pre-
eclampsia. Eur J Obstet Gynecol Reprod Biol 2012;160:30–4.

mailto:vijay.kunadian@newcastle.ac.uk
mailto:vijay.kunadian@newcastle.ac.uk
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref1
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref1
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref2
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref2
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref2
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref3
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref3
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref3
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref3
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref4
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref4
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref4
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref4
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref4
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref5
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref5
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref6
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref6
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref6
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref7
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref7
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref8
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref8
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref9
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref9
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref9
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref10
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref10
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref10
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref11
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref11
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref12
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref12
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref12
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref13
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref13
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref13
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref13
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref14
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref14
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref14
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref15
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref15
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref16
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref16
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref16
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref17
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref17
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref17
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref18
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref18
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref18
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref19
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref19
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref19
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref20
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref20
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref20
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref21
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref21
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref21
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref22
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref22
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref22
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref23
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref23
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref23
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref24
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref24
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref24
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref24
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref25
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref25
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref25
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref26
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref26
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref26
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref27
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref27
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref27
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref27
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref28
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref28
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref28
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref29
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref29
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref29
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref29l
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref29l
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref29l
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref30
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref30
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref31
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref31
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref31
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref32
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref32
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref32
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref32
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref33
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref33
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref33
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref34
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref34
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref34


Ahmed et al. JACC Vol. 63, No. 18, 2014
Pre-Eclampsia and Heart Disease May 13, 2014:1815–22

1822
36. Hubel CA, Lyall F, Weissfeld L, Gandley RE, Roberts JM. Small low-
density lipoproteins and vascular cell adhesion molecule-1 are increased
in association with hyperlipidemia in preeclampsia. Metabolism 1998;
47:1281–8.

37. Sattar N, Bendomir A, Berry C, Shepherd J, Greer IA, Packard CJ.
Lipoprotein subfraction concentrations in preeclampsia: pathogenic
parallels to atherosclerosis. Obstet Gynecol 1997;89:403–8.

38. Carr DB, Newton KM, Utzschneider KM, et al. Preeclampsia and risk
of developing subsequent diabetes. Hypertens Pregnancy 2009;28:
435–47.

39. Callaway LK, Lawlor DA, O’Callaghan M, Williams GM,
Najman JM, McIntyre HD. Diabetes mellitus in the 21 years after a
pregnancy that was complicated by hypertension: findings from a
prospective cohort study. Am J Obstet Gynecol 2007;197:492.e1–7.

40. World Health Organization. Venous thromboembolic disease and
combined oral contraceptives: results of international multicentre case-
control study. World Health Organization Collaborative Study of
Cardiovascular Disease and Steroid Hormone Contraception. Lancet
1995;346:1575–82.

41. 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;326:845.

42. Brown DW, Dueker N, Jamieson DJ, et al. Preeclampsia and the risk
of ischemic stroke among young women: results from the Stroke Pre-
vention in Young Women Study (erratum appears in Stroke 2006;37:
2862). Stroke 2006;37:1055–9.

43. Jayet PY, Rimoldi SF, Stuber T, et al. Pulmonary and systemic vascular
dysfunction in young offspring of mothers with preeclampsia. Circu-
lation 2010;122:488–94.

44. Kajantie E, Eriksson JG, Osmond C, Thornburg K, Barker DJ. Pre-
eclampsia is associated with increased risk of stroke in the adult
offspring: the Helsinki birth cohort study. Stroke 2009;40:1176–80.

45. Davis EF, Newton L, Lewandowski AJ, et al. Pre-eclampsia and
offspring cardiovascular health: mechanistic insights from experimental
studies. Clin Sci (Lond) 2012;123:53–72.

46. Hippisley-Cox J, Coupland C, Vinogradova Y, Robson J, May M,
Brindle P. Derivation and validation of QRISK, a new cardiovascular
disease risk score for the United Kingdom: prospective open cohort
study. BMJ 2007;335:136.

47. Fraser A, Nelson SM, Macdonald-Wallis C, et al. Associations of
pregnancy complications with calculated cardiovascular disease risk and
cardiovascular risk factors in middle age: the Avon Longitudinal Study
of Parents and Children. Circulation 2012;125:1367–80.

48. Hermes W, Tamsma JT, Grootendorst DC, et al. Cardiovascular risk
estimation in women with a history of hypertensive pregnancy disorders
at term: a longitudinal follow-up study. BMC Pregnancy Childbirth
2013;13:126.

49. Mosca L, Benjamin EJ, Berra K, et al. Effectiveness-based guidelines
for the prevention of cardiovascular disease in womend2011 update: a
guideline from the american heart association. Circulation 2011;123:
1243–62.

50. Redman CW. Hypertension in pregnancy: the NICE guidelines. Heart
2011;97:1967–9.

51. Berks D, Steegers EA, Molas M, Visser W. Resolution of hypertension
and proteinuria after preeclampsia. Obstet Gynecol 2009;114:1307–14.

52. Estruch R, Ros E, Salas-Salvado J, et al. Primary prevention of car-
diovascular disease with a Mediterranean diet. N Engl J Med 2013;368:
1279–90.

53. Berks D, Hoedjes M, Raat H, Duvekot J, Steegers E, Habbema J. Risk
of cardiovascular disease after pre-eclampsia and the effect of lifestyle
interventions: a literature-based study. BJOG 2013;120:924–31.

54. Chisolm MS, Cheng D, Terplan M. The relationship between preg-
nancy intention and change in perinatal cigarette smoking: an analysis
of PRAMS data. J Subst Abuse Treat 2014;46:189–93.

55. Borland T, Babayan A, Irfan S, Schwartz R. Exploring the adequacy of
smoking cessation support for pregnant and postpartum women. BMC
Public Health 2013;13:472.

56. Levine MD, Marcus MD, Kalarchian MA, Cheng Y. Strategies to
Avoid Returning to Smoking (STARTS): A randomized controlled
trial of postpartum smoking relapse prevention interventions. Contemp
Clin Trials 2013;36:565–73.

57. Tribble DL. AHA Science Advisory. Antioxidant consumption and
risk of coronary heart disease: emphasison vitamin C, vitamin E, and
beta-carotene: a statement for healthcare professionals from the
American Heart Association. Circulation 1999;99:591–5.

58. Mistry HD, Williams PJ. The importance of antioxidant micro-
nutrients in pregnancy. Oxid Med Cell Longev 2011;2011:841749.

59. Conde-Agudelo A, Romero R, Kusanovic JP, Hassan SS. Supple-
mentation with vitamins C and E during pregnancy for the prevention
of preeclampsia and other adverse maternal and perinatal outcomes: a
systematic review and metaanalysis. Am J Obstet Gynecol 2011;204:
503.e1–12.

60. Jonsdottir LS, Arngrimsson R, Geirsson RT, Sigvaldason H,
Sigfusson N. Death rates from ischemic heart disease in women with a
history of hypertension in pregnancy. Acta Obstet Gynecol Scand
1995;74:772–6.

61. Craici I, Wagner S, Garovic VD. Preeclampsia and future cardiovas-
cular risk: formal risk factor or failed stress test? Ther Adv Cardiovasc
Dis 2008;2:249–59.

62. Staff AC, Dechend R, Pijnenborg R. Learning from the placenta: acute
atherosis and vascular remodeling in preeclampsiadnovel aspects for
atherosclerosis and future cardiovascular health. Hypertension 2010;56:
1026–34.
Key Words: acute coronary syndrome - angina - coronary artery
disease - endothelium - hypertension - myocardial infarction -

pre-eclampsia - vascular function.

http://refhub.elsevier.com/S0735-1097(14)01154-1/sref35
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref35
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref35
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref35
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref36
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref36
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref36
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref37
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref37
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref37
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref38
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref38
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref38
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref38
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref39
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref39
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref39
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref39
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref39
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref40
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref40
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref40
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref41
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref41
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref41
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref41
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref43
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref43
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref43
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref44
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref44
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref44
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref45
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref45
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref45
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref46
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref46
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref46
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref46
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref47
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref47
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref47
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref47
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref48
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref48
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref48
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref48
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref49
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref49
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref49
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref49
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref49
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref50
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref50
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref51
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref51
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref52
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref52
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref52
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref53
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref53
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref53
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref54
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref54
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref54
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref55
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref55
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref55
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref56
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref56
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref56
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref56
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref57
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref57
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref57
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref57
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref58
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref58
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref59
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref59
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref59
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref59
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref59
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref60
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref60
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref60
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref60
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref61
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref61
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref61
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref62
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref62
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref62
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref62
http://refhub.elsevier.com/S0735-1097(14)01154-1/sref62

	Pre-Eclampsia and Future Cardiovascular Risk Among Women
	Burden of Cardiovascular Disease in Women: Overview
	Hypertension in Pregnancy and Pre-Eclampsia
	Pathophysiology of Pre-Eclampsia
	Increased Cardiovascular Risk Factors Following Pre-Eclampsia
	The Association of Pre-Eclampsia and Future Cardiovascular Risk
	The Association of Pre-Eclampsia and Future Risk of Chronic Hypertension
	The Association of Pre-Eclampsia and Arterial Stiffness
	The Association of Pre-Eclampsia and Gestational Hyperlipidemia or Insulin Resistance
	The Association of Pre-Eclampsia and Peripheral Vascular Disease or Stroke
	Risk of CVD in Children Born to Pre-Eclamptic Women
	Managing CVD Risk Among Previously Pre-Eclamptic Women
	Pharmacological and Lifestyle Management of Previously Pre-Eclamptic Women
	Limitations of Studies Thus Far
	Future Directions
	Conclusions
	References


