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Abstract: Hypertensive disorders of pregnancy (HDP) comprise a spectrum of syndromes that range in severity from
gestational hypertension and pre-eclamplsia (PE) to eclampsia, as well as chronic hypertension and chronic hyper-
tension with superimposed PE. HDP occur in 2% to 10% of pregnant women worldwide, and impose a substantial
burden on maternal and fetal/infant health. Cardiovascular disease (CVD) is the leading cause of death in women.
The high prevalence of non-obstructive coronary artery disease and the lack of an efficient diagnostic workup make
the identification of CVD in women challenging. Accumulating evidence suggests that a previous history of PE is
consistently associated with future CVD risk. Moreover, PE as a maladaptation to pregnancy-induced hemodynamic
and metabolic stress may also be regarded as a “precision” testing result that predicts future cardiovascular risk.
Therefore, the development of PE provides a tremendous, early opportunity that may lead to changes in maternal
and infant future well-being. However, the underlying pathogenesis of PE is not precise, which warrants precision
medicine-based approaches to establish a more precise definition and reclassification. In this review, we proposed
a stage-specific, PE-targeted algorithm, which may provide novel hypotheses that bridge the gap between Big Data-
generating approaches and clinical translational research in terms of PE prediction and prevention, clinical treat-
ment, and long-term CVD management.

Keywords: Pre-eclampsia, hypertensive disorders in pregnancy, cardiovascular risk, precision medicine, cardiac
stress test

Introduction tributes to increased CVD mortality in older
women [5], whereas recent studies have dem-
onstrated that young women also have more
adverse outcomes with myocardial infarction
compared with their male peers [6, 7]. CVD is
the leading cause of death in women, and con-
tributes to one-third of deaths in women world-
wide [8, 9]. However, the high prevalence of
non-obstructive coronary artery disease (CAD)
and the lack of an efficient diagnostic workup
make the identification of CVD in women chal-
lenging (Figure 1) [10, 11].

There is an engrained belief that males com-
prise the major population affected by cardio-
vascular disease (CVD), which is based on their
earlier symptom onset and greater clustering of
typical clinical manifestations and traditional
risk factors. In contrast, the importance of CVD
on women’s health has long been ignored
because of the atypical symptoms, non-tradi-
tional risk factors and non-specific response to
cardiac stress tests [1, 2]. Substantial evidence
has been documented regarding the under

testing and under-treatment of women with
CVD [3, 4]. In general, It is acknowledged that
an age-dependent decline of health status con-

Hypertensive disorders of pregnancy (HDP)
occur in 2% to 10% of pregnant women world-
wide [12]. HDP represent a spectrum of disor-
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Figure 1. Pretest likelihood of CAD in symptomatic
patients based on gender and age. For each point,
the lower extended error bar, the solid circle, and the
upper extended error bar indicate data from non-an-
ginal chest pain, atypical angina, and typical angina
patients, respectively. Data adopted from Reference
[11] following modification. Abbreviation: CAD, coro-
nary artery disease.

ders that range in severity from gestation-
al hypertension (new hypertension after 20
weeks of gestation) and pre-eclamplsia (PE) to
eclampsia, as well as chronic hypertension
and chronic hypertension with superimposed
PE. Among these disorders, PE and eclampsia
are pregnancy-specific, and PE accounts for
more than 50% of HDP cases [13]. Accumulat-
ing evidence has indicated a consistent asso-
ciation between PE and future cardiovascular
risk [14-21]. Moreover, evidence indicates that
the US incidence of PE has substantially in-
creased over the previous two decades [22].
Pregnancy may be regarded as a stress test for
the female cardiovascular system, which may
unmask the symptoms of various chronic dis-
eases that may occur 20 to 30 years later
[23, 24]. Thus, a confirmative diagnosis of PE
could be used as a reliable positive result for
a cardiac stress test and thus a prognosis for
future CVD risk, which may be used to devise
early and personalized interventions to change
future well-being in women [25].

PE may precisely unmask the maladaptation
to pregnhancy-induced hemodynamic and me-
tabolic changes however, it functions more sim-
ilar a syndrome than a disease. Furthermore,
PE is never precise in terms of its clinical fea-
tures and potential causes, which require a
“precision” approach for better reclassification
and treatment. In this review, we aimed to sum-
marize the recent evidence to test our hypoth-
eses: (1) a confirmative PE diagnosis is a
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high risk factor prognosis of future CVD; and
(2) management may facilitate future CVD
prevention.

We will summarize the recent evidence of PE
as a “precision testing result” for future car-
diovascular risk, and propose a precision me-
dicine-based approach to address the oppor-
tunities and challenges in PE prediction and
treatment, as well as future CVD prevention.

Role of cardiac stress tests in ischemic heart
disease (IHD) diagnosis in women

The term IHD refers to a multifactorial patho-
physiology of coronary atherosclerosis which
includes obstructive CAD (at least one main
branch of the coronary artery with a fixed ste-
nosis of >70%) and non-obstructive CAD [26].
Cardiac stress tests (including exercise tread-
mill testing (ETT) with echocardiography, stress
echocardiography, stress myocardial perfusion
imaging with nuclear medicine, and stress car-
diac imaging with magnetic resonance imaging
or coronary computed tomographic angiogra-
phy) are widely used for the diagnostic work
up of patients with suspected IHD [27]. The
purpose of these tests is to induce an increase
in cardiac oxygen consumption, either exertion-
ally or pharmacologically, which leads to an
imbalance between the myocardial oxygen sup-
ply and demand; this imbalance consequently
unmasks pre-existing abnormalities in coro-
nary circulation. The major underlying patho-
logical conditions associated with stress-test
identified abnormalities comprise obstructive
CAD with fixed stenosis in a coronary artery.
Other potential contributors include dysfunc-
tions in the coronary microvasculature and
endothelium. However, the fact that myocardial
ischemic symptoms in women more are often
precipitated by mental or emotional stress, and
less frequently by physical exertion compared
with men [28], which may be associated with a
more aggressive platelet aggregation response
in women [29], leads to a challenge in clinical
decision-making. Additionally, in symptomatic
females with symptoms similar to their male
peers, the likelihood of exhibiting obstructive
CAD is lower than males [26]. During stress
testing, these women are more likely to have
“false positive” test results, and as a result of a
lack of confidence in accuracy, non-invasive
stress tests are often over-used in low-risk indi-
viduals with minimal diagnostic benefit [10,
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Figure 2. Hemodynamic alterations in normal pregnancy. Each point represents the mean value during a normal
pregnancy. Data adopted from Reference [36] following modification.

30]. Accordingly, a “false positive” result would
lead to subsequent invasive tests or even inva-
sive treatment, such as coronary angiography
and percutaneous coronary intervention (PCI),
which involve increased risks in women [31].
PCl is nearly always appropriately used in
patients with acute coronary syndromes, how-
ever, the over-use of this invasive and costly
procedure is common in patients with mild or
stable symptom of CAD [32]. Therefore, the
diagnosis of IHD in women using traditional
cardiac stress tests is technically challenging
and is more likely to render females into a
polarizing situation, which includes an under-
diagnosis, under-treatment, or over use of inva-
sive approaches.

In 2011, for the first time, the AHA included
PE as a risk factor for CVD, and in 2014, it
included PE as a risk factor for stroke in women
[33, 34]. The 2014 AHA consensus statement
on the role of non-invasive testing in the clini-
cal evaluation of women with suspected IHD
incorporated an updated evaluation of obstruc-
tive and non-obstructive CAD and proposed a
risk stratification-based diagnostic workup of
cardiac stress tests [27]; however, this state-
ment did not include PE in this risk stratification
algorithm. Emerging evidence indicates that
following the inclusion of parameters such as
heart rate recovery, functional capacity, and
treadmill scores during ETT, the diagnostic and
prognostic accuracies of ETT in symptomatic
females with suspected IHD are enhanced.
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Therefore, future work is warranted to incorpo-
rate PE history into the diagnostic criteria for
women with suspected IHD.

Pregnancy is an inescapable and long-term
cardiac stress “test” for women

Approximately 80% and 90% of women in
developed and developing countries, respec-
tively, will have at least one pregnancy in their
life time [35]. Pregnancy is characterized by
a cascade of physiologic changes that pose
a substantial burden on BP regulation, glucose
and lipid metabolism, and immune tolerance.
During pregnancy, the demand of establishing
another circulatory system for the fetus requires
a coordinated increase in blood volume. It is
estimated that cardiac output increases 35%
to 50% during pregnancy, which is initiated dur-
ing gestational week 5 and reaches a plateau
by gestational weeks 16 to 20 through term
[36]. As a consequence of left ventricular over-
load, there is a 10% to 20% increase in the left
ventricular mass during pregnancy [36]. As a
result of a biphasic change in peripheral arteri-
al resistance, BP exhibits a slightly U-shaped
pattern during pregnancy (Figure 2). The BP
level will decreases to the nadir at mid-preg-
nancy and gradually returns to a pre-pregnant
level through term. Therefore, the occurrence
of gestational hypertension is a paradoxical
response to pregnancy-induced physiological
BP regulation. Thus, pregnancy unmasks de-
fects in BP regulation in response to hemody-
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increased by 20-fold in pa-
tients with a previous history
of HDP; thus, PE may also be
regarded as a “failed renal
stress test” [41]. In this re-
gard, pregnancy is capable
of inducing various changes
in homeostasis resetting, in
which an imbalance compris-
es are key pathophysiological
bases that underlie hyperten-
sion, metabolic disorders and
renal dysfunction. These ines-
capable alterations represent
chronic stress that lasts for
20 to 30 weeks during preg-
nancy. Moreover, lipid deposi-
tion in the maternal uterine
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artery walls regularly occurs
in PE, which resembles the
early stages of atherosclero-
sis; it is referred to as “acute
atherosis” and is thought to
regress after delivery [42].
Thus for PE patients, the mal-
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Figure 3. Increased postpartum cardiovascular risk in women with a previ-
ous history of pre-eclampsia compared with normal pregnancies. Data ad-
opted following modification from recent meta-analyses on pre-eclampsia
and future cardiovascular risk/disease (References [18-21]). Abbreviations:
QRISK indicates the global lifetime risk; SBP, systolic blood pressure; DBP,
diastolic blood pressure; T2DM, type 2 diabetes mellitus.

namic alterations. Moreover, pregnancy-in-
duced resetting of glucose and lipid homeos-
tasis, which is manifested by decreased in-
sulin sensitivity (insulin sensitivity of late nor-
mal pregnancy is reduced by 50% to 70% com-
pared with normal, non-pregnant women [37])
and increased circulating triglycerides (very
low density lipoprotein triglyceride concen-
trations increase 3-fold from 14 weeks of ges-
tation through term [37]) and low density lipo-
protein, mimics the pathological alterations
present in metabolic syndrome.

Recent epidemiological evidence indicates
that in metabolic syndrome patients, among
the clustering of traditional risk factors, hyper-
tension is the predominant component for
risk stratification [38-40]. Notably, the risk
for future end-stage renal dysfunction may be
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6 8

adaptation to pregnancy-in-
duced chronic stress also
recapitulates the pathologi-
cal features of atherosclero-
sis and provides unique hu-
man models to investigate
the mechanism for athero-
sclerosis and future cardio-
vascular health. Accumulating
evidence suggests that a pre-
vious history of PE is consistently associated
with future CVD risk (Figure 3) [18-21]. More-
over, recent evidence also indicates that a pre-
vious maternal history of PE is associated with
cardiovascular alterations in offspring (Figure
4) [43-47], which may thus provide a tremen-
dous opportunity for potential CVD preventative
strategies for both generations.

In a mechanistic view, the underlying pathogen-
esis of PE, which ostensibly presents as an
elevated BP level, is more complex than prima-
ry hypertension. In addition to the pregnancy-
specific factors (including placental ischemia,
spiral artery transformation, hypoxia and tro-
phoblast invasion), other common etiologies
associated with primary hypertension, i.e.,
endoplasmic reticulum stress, oxidative stress,
antibodies to type-1 angiotens in Il receptor,

Am J Transl Res 2016;8(5):1920-1934



Translational perspectives on pre-eclampsia and cardiovascular risk

Increased QRISK score

2.50 (95% CI: 1.32-4.56)
@

Elevated SBP

Elevated DBP

2.51 (95% CI: 0.70-4.32)
@

2.65(95% CI: 1.51-3.79)
L

Hypertension @ 1.29 (95% Cl: 1.13-1.46)
T2DM 1@ —1.34 (95% Cl: 0.91-1.99)
UL (L UL USSR [RURURLEU UL |
0 1 2 3 4 5

Odds ratio

tive needs to be addressed
by precision medicine-based
approaches for future PE re-
search.

Genetic background for PE

Among the currently acknow-
ledged risk factors for PE,
several components are as-
sociated with the hereditary
tendency, including history of
PE in a previous pregnancy,
multi-fetus gestation, obesity,
family history of PE (mother or
sister) and pre-existing medi-
cal conditions (e.g., chronic
hypertension, diabetes, anti-

Figure 4. Increased cardiovascular risk in young adulthood in offspring of
hypertensive pregnancies compared with normal pregnancies. Data adopted
following modification from References [46, 47]. Abbreviations: QRISK, in-
dicates the global lifetime risk; SBP, systolic blood pressure; DBP, diastolic

blood pressure; T2DM, type 2 diabetes mellitus.

vascular inflammation, endothelial dysfunction,
dyslipidemia, and insulin resistance, have been
demonstrated to play a role in PE [48, 49]. In
general, at least three categories of etiologies
underlie the pathogenesis of PE: pregnancy-
specific (referred to as placental PE [50, 51]),
non-specific (referred to as maternal PE [50,
51]), and the blended form. Thus, PE should be
regarded as a syndrome more than a disease
with multiple and non-specific clinical parame-
ters [52]. Therefore, despite the fact that PE is
associated with a reliable positive testing result
for pregnancy-induced hemodynamic and met-
abolic stress, the “precision test result” needs
a “precision” approach for re-classification and
management.

Precision medicine-based strategy for PE

As outlined by the US National Academy in
2011, the goal of precision medicine is to
establish a more precise definition of and clas-
sification of clinical diseases that ultimately
lead to better diagnosis and treatment [53]. To
achieve this promising goal, the integration of
data from genomics, microbiome, exposures,
behaviors, and traditional clinical tests, as well
as participant contributed data, is warranted.
In the following section, we aim to provide an
overview of the potential paths with prospec-
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phospholipid syndrome, thro-
mbophilia, or autoimmune di-
sease). Thus, the attempt to
identify candidate genes that
predispose women to subse-
quent PE has long been pur-
sued by clinicians for high-risk
pregnancy stratification. The most frequently
used method is a candidate gene-based asso-
ciation approach, which is based on statistical
correlations between single nucleotide poly-
morphisms (SNPs) of candidate genes of inter-
est and disease prevalence. However, selection
bias is the most prominent limitation of this
methodology. As summarized by a recent meta-
analysis and systemic review of maternal geno-
type and severe PE [54], among 57 studies that
evaluated 50 genotypes, only 2 genotypes that
involved thrombophilia (coagulation factor V
gene polymorphism rs6025 and coagulation
factor Il gene rs1799963) were validated in
severe PE. This study questions the majority of
candidate gene studies regarding PE suscepti-
bility. Our current understanding of the patho-
genesis of PE is limited; thus, it is conceivable
that a candidate gene approach is vulnerable
to missing important and yet-undiscovered
molecular pathways.

In contrast, a genome-wide association study
(GWAS), which uses an unbiased approach to
simultaneously investigate thousands of SNPs,
may provide a useful tool for genetic screening
of high risk pregnancies. To the best of our
knowledge, only two PE/HDP related GWAS
studies have been published [55, 56]: one
study of 293 Caucasian women (177 cases and

Am J Transl Res 2016;8(5):1920-1934
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117 controls) in the US failed to identify asso-
ciations between SNPs and PE [55]; another
study of 1078 Caucasian women (538 cases
and 540 controls) in Australia failed to iden-
tify significant GWAS SNPs with PE [56]. The
major reason that accounts for these negative
findings is the inadequately powered sample
size. Recently, a large international collabora-
tion project, referred to as the InterPregGen
study, was established with funding from
the European Union. This study involves rese-
arch groups from Finland, Iceland, Kazakhstan,
Norway, the United Kingdom and Uzbekistan,
and aimes to enroll more than 10,000 individu-
als to identify robust associations between
genotypes and PE. This statistically power-
ed study will provide important clues for PE
pathogenesis, prevention, and treatment. Atte-
mpts to identify potential genetic markers for
PE are also highly warranted in non-Caucasian
ethnic groups, because novel generalized pre-
ventive and treatment strategies should be
based on multiethnic GWASs and interethnic
comparisons.

Gut microbiome and PE

The gut microbiome has increasingly been rec-
ognized as an important contributor to the
pathogenesis of metabolic disorders. In 2012,
Koren and colleagues first reported that
gut microbiota substantially change from first
to third trimesters and are coordinated with
metabolic changes during pregnancy [57].
Additional evidence indicates that the infant
comes into contact with microbes originated
from the maternal gut via physiological gut
microbial translocation during vaginal delivery
and through breast milk [58]. Thus, a mother’s
gut microbiota may have a long-term influence
on the infant’s future risk of gastrointestinal,
allergic, autoimmune and metabolic diseases.
Accordingly, the modulation of gut microbiota
via maternal probiotic intervention during preg-
nancy, as well as during breastfeeding, may
potentially change future disease trajectories
in both mother and infant. For example, a Me-
diterranean dietary pattern, which is character-
ized by a high-level consumption of fruits, veg-
etables, legumes, nuts, red wine, and fish, is
associated with beneficial microbiome-related
metabolomic profiles [59]. A recent 9 year fol-
low-up study of 3582 women demonstrated
that pre-pregnancy adherence to a Mediter-
ranean dietary pattern is associated with a
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reduced incidence of HDP (highest quartile vs.
lowest quintile: RR: 0.58; 95% CI: 0.42 to 0.81)
[60]. These promising findings suggest that the
use of metagenomic approaches may be help-
ful in the identification of links between specific
changes in gut microbial abundance and diver-
sity and the metabolic alterations associated
with the incidence and severity of PE. These
links may, in turn, serve as potential therapeu-
tic targets.

Nutritional evaluation and PE impact of dietary
salt intake

Nutritional factors, especially high energy con-
sumption, are associated with PE [61].
Moreover, an increase in calorie consumption
is associated with an increase in dietary salt
intake and metabolic syndrome [62-65].
Dietary salt intake is the most important envi-
ronmental and modifiable risk factor for hyper-
tension [66]. In general, an increase in dietary
salt (NaCl) intake leads to volume expansion,
and is positively associated with changes in BP
level, the magnitude of which is defined as salt
sensitivity [67]. During pregnancy, the need for
volume expansion requires a parallel increase
in salt intake. As a result of a gradual decrease
in peripheral resistance, the volume expansion
paradoxically occurs with a BP reduction to the
nadir at mid-pregnancy [68]. This phenomenon
leads to the speculation that reduced dietary
salt intake may represent a potential trigger for
PE, and has been referred as inverse salt sensi-
tivity [69]. If this phenomenon could be consis-
tently observed in pregnant women, an increase
in dietary salt intake may thus comprise a ther-
apeutic approach. However, the relationship
between salt intake and PE is strongly debated
[70, 71], which is largely attributable to the lack
of a reliable method to measure long-term sodi-
um retention/excretion in the body. The most
frequently used, but also technically difficult
method is 24-h urinary sodium measurement
[72]. However, a single 24-h urine collection to
monitor sodium excretion has also been dem-
onstrated to be a poor reflection of an individu-
al's average salt consumption owing to the
large day-to-day variations in salt intake [73].
Another issue is that an increase in dietary salt
intake is inevitably associated with a concomi-
tant increase in energy intake, which is particu-
larly true in pregnant women, and may thus
also confound the relationship between salt

Am J Transl Res 2016;8(5):1920-1934
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intake and PE. To investigate the relationship
between dietary salt intake and PE, the extra-
cellular tissue sodium content which is now rec-
ognized as the third compartment of sodium
storage in the body (the other two compart-
ments are plasma and cellular sodium), may
serve as a reservoir that reflects the long-term
salt intake status [74, 75]. Moreover, it may
also provide reliable quantitative information
regarding sodium storage using 2°Na magnetic
resonance imaging [76, 77]. It is well estab-
lished that salt sensitivity is determined by
genetic factors [78-81]. Therefore, with the use
of unbiased genetic approaches, combined
with novel imaging technology to provide reli-
able measurements of long-term salt consump-
tion status, the existence of inverse salt sensi-
tivity and the genetic background associated
with PE, as well as potential therapeutic strate-
gies may be identified.

In addition to the previously discussed mo-
difiable and non-modifiable contributors asso-
ciated with PE that may be investigated us-
ing precision medicine-based approaches,
other methodologies, such as serum and pla-
cental proteomics, DNA methylation, microR-
NA, and IncRNA, may also be integrated and
applied to PE-focused precision medicine. A
combination of these approaches may, in turn,
lead to better prediction, treatment and pre-
ventative strategies.

Future perspectives and open questions

The benefit of PE as a “precision” positive
stress result for future CVD risk as well as its
underlying complexity, which should be addr-
essed by precision medicine-based appro-
aches, lead to many open questions for fu-
ture research topics. Here we listed three
questions with potential implications for PE
as a therapeutic window that may affect fu-
ture CVD trajectories.

Can PE patients be effectively instructed to
follow clinical recommendations during follow-
up?

To date, a major unresolved concern is the lack
of communication among obstetricians, cardi-
ologists, and PE patients, which leads to the
ineffectiveness of identification and “tracing”
young women with a history of HDP [82]. For
the majority of pregnant women, after the initial
PE attack, the awareness of their future well-
being may be considerably reduced because
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they may be ostensibly “normal” without labo-
ratory signs or symptoms of CVD. A recent
report demonstrated that even among women
with continuous medical coverage, only 57% of
subjects with a HDP history attended a primary
care visit within one year after delivery [83].
However, even in apparently healthy normoten-
sive women with a PE history, 1 in 6 women
(17%) developed de novo hypertension within 5
years [84]. Thus, all possible efforts should be
made to prevent the reappearance of PE
patients in cardiology clinics with classical or
non-classical symptoms of CVD without regular
evaluation during a 20 to 30 year period. To
address this gap, educational programs aimed
at obstetricians, cardiologists, and family doc-
tors as well as PE patients should be created to
increase physician expertise and public aware-
ness of PE and future CVD risk. In this regard,
the Maternal Health Clinic, which specializes in
the identification and instruction of high risk
postpartum patients in Canada, is a success-
ful example of a primary prevention strategy
for women’s future health [85]. Furthermore,
because there is an average of 20 to 30 years
for women with a PE history to manifest the
clinical symptoms of CVD, cohort follow-up and
data entry comprise high-cost and labor-inten-
sive work. Given the high penetration of cell
phones into groups with different socioeco-
nomic statuses, health-related mobile applica-
tions (Apps) may provide an opportunity to over-
come many of the barriers of future CVD pre-
vention [86]. A choice of multiple-platform com-
patible and open-access Apps for PE patient
management following a complete evaluation
is highly warranted and may provide a commu-
nication platform between clinicians and
patients, as well as serve as a data-entry
access point for patient-reported information
for health and research purposes. Thus, gov-
ernment guidance and oversight will help to
protect public health, sustain consumer confi-
dence in mobile health products, and encour-
age high-value innovations [87]. Finally, efforts
should be made at the government level to
expand medical insurance coverage for preven-
tative health care in women with a history of PE
[15].

Do all PE patients have worse future cardio-
vascular outcomes?

The answer may be no. Accumulating evidence

indicates that while the development of typical
PE at term is associated with a small but signifi-

Am J Transl Res 2016;8(5):1920-1934
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Figure 5. Proposal of a PE-targeted, 5-stage algorithm using precision medicine-based approaches for PE prediction,
prevention and clinical treatment, as well as long-term CVD management.

cant increase in risk of future CVD, the develop-
ment of severe PE is associated with a greater
risk of future premature CVD [25, 88, 89]. This
finding suggests a dose-dependent relation-
ship between PE severity and future CVD risk.
Furthermore, using a precision medicine-based
approach, PE may be reclassified using pre-
dominately pregnancy-specific factors and pre-
dominately non-specific factors, as well as a
blended form. Distinguishing these compo-
nents is important because for the pregnancy-
specific etiology, novel treatment options that
target the pregnancy-specific pathology are
warranted, and the future cardiovascular risk
may be diminished, providing that the target
organ injury is not severe and self-limiting once
pregnancy is terminated. Moreover, for preg-
nancy non-specific reasons, these patients
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should be regarded as a “true” positive stress
test and their future risk may be increased
because the presence of common ideologies
for cardiovascular disease may have a life-long
impact on their well-being. Regarding the blend-
ed form, a combined strategy may be suitable.
The answer to this question may also be helpful
to address the association between the patho-
physiological mechanism of HDP and future
CVD risk.

In which manner, may PE patients benefit from
a precision medicine-based strategy before,
during, and after pregnancy?

In general, we proposed five critical stages for
precision medicine-based PE prediction, reclas-
sification, and clinical management, as well as

Am J Transl Res 2016;8(5):1920-1934
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long-term CVD prevention (Figure 5). From pre-
pregnancy through the first and second trimes-
ters, Big-Data generating approaches should
focus on PE prediction and preventative strate-
gies. For PE prediction, routine clinical charac-
teristic-based methods may predict only 30%
of women who develop PE [13]. Efforts have
also been made to improve the predictive
potential of these characteristics via the incor-
poration of uterine artery Doppler scan [90],
and other pregnancy-specific markers [91], as
well as novel metabolic biomarkers [92]. For PE
prevention, aspirin is the only drug with proven
efficacy based on robust evidence; however, its
effect is not substantial (RR 0.90, 95% CI:
0.84-0.97) [13, 93]. For PE treatment, espe-
cially during the second and third trimesters,
several treatment strategies, such as antioxi-
dation with vitamins C and E [94], anti-coagula-
tion [95], and vitamin D supplementation [96],
did not exhibit consistent efficacy in clinical tri-
als despite their promising potential. To date,
the only cure for PE is delivery of the placenta
[13]. In recent guidelines, anti-hypertensive
drugs for HDP are strongly recommended in
cases with severe hypertension [97, 98]. The
findings from the recent CHIPS trial indicated
that compared with less-tight BP control (target
diastolic BP 100 mmHg), tight BP control (tar-
get diastolic BP 85 mmHg) was associated with
maternal protection in terms of less severe
maternal hypertension or serious maternal
complications, without an increase in adverse
perinatal outcomes [99]. Therefore, during
these two trimesters, the three sub-classifica-
tions/patterns of PE based on precision-medi-
cine may provide a valuable platform for design-
ing and testing new treatment options: for the
pregnancy-specific pattern, novel treatment
options that target pregnancy-specific abnor-
malities would be tested; for the non-specific
pattern, which may, in general, be regarded as
hemodynamicand metabolism-induced, tradi-
tionally available options that target BP regula-
tion, as well as glucose and lipid modify-
ing treatments with proven safety may be sug-
gested; and a combined strategy may be tested
in the blended pattern. Furthermore, efforts
should also be made from the second trimester
to post-pregnancy period to reduce target organ
injuries and cardiovascular mobility. Thus, from
the third trimester to the post-pregnancy peri-
od, specialized clinics with joint efforts by cardi-
ologists, obstetricians and pediatricians would
benefit PE patients and their offspring in terms
of education and communication, risk factor
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monitoring and assessment, and effective
pharmacological and lifestyle interventions,
as well as offer a platform to provide a mecha-
nistic link between PE and future CVD. Overall,
this simplified, 5-stage PE-targeted algorithm
would enhance the exploitation of Big-Data
generated by precision medicine-based appro-
aches. Moreover, it may also provide novel
hypotheses that bridge the gap between Big
Data-generating approaches and clinical trans-
lational research.

Conclusions

In summary, consistent evidence has demon-
strated an association between prior PE and
future CVD risk. PE is a reliable positive testing
that unmasks multiple pathological features;
thus, the development of PE provides a window
of valuable opportunity for prediction, screen-
ing, prevention and treatment of future CVD.
Specifically, the need for precision medicine-
based approaches are warranted to define
PE-related disease patterns, which serve as a
platform to fill the gap between the explosion of
a vast amount of information and focused
efforts in translational medicine. Moreover,
these approaches may ultimately contribute to
better diagnosis, treatment, and preventative
strategies for PE and related long-term well-
being for women.
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