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BACKGROUND Hypertensive disorders of pregnancy (HDP) are associated with short-term cardiac structure and

function abnormalities, but later life changes are not well studied.

OBJECTIVES This study aimed to determine if HDP history is associated with echocardiographic differences 8 to 10

years after delivery, and if subgroups with placental maternal vascular malperfusion (MVM) lesions or current hyper-

tension may be particularly affected.

METHODS Women with pregnancies delivered from 2008 to 2009 were selected from a clinical cohort with abstracted

pregnancy and placental pathology data to undergo transthoracic echocardiography (2017 to 2020). Medical history,

blood pressure, and weight were measured at the study visit.

RESULTS The authors enrolled 132 women (10 � 1 years post-delivery, age 38 � 6 years): 102 with normotensive

pregnancies and 30 with HDP: pre-eclampsia (n ¼ 21) or gestational hypertension (n ¼ 9). Compared with women with

normotensive pregnancies, those with HDP history were more likely to have current hypertension (63% vs. 26%;

p < 0.001). After adjusting for age, race, MVM lesions, body mass index, current hypertension, and hemoglobin A1c,

women with HDP history had higher interventricular septal thickness (b ¼ 0.08; p ¼ 0.04) and relative wall thickness

(b ¼ 0.04; p ¼ 0.04). In subgroup analyses, those with both HDP history and current hypertension had a higher pro-

portion of left ventricular remodeling (79.0%) compared with all other groups (only HDP [36.4%; p ¼ 0.01], only current

hypertension [46.2%; p ¼ 0.02], and neither HDP nor hypertension [38.2%; p < 0.001]), and lower mitral inflow E/A and

annular eʹ. Accounting for placental MVM lesions did not impact results.

CONCLUSIONS Women with both HDP history and current hypertension have pronounced differences in left ventric-

ular structure and function a decade after pregnancy, warranting continued surveillance and targeted therapies for

cardiovascular disease prevention. (J Am Coll Cardiol 2021;77:1057–68) © 2021 by the American College of Cardiology

Foundation.
H ypertensive disorders of pregnancy (HDP),
such as pre-eclampsia and gestational hy-
pertension, have consistently been shown

to be associated with an increased risk of later-life
cardiovascular disease (CVD) (1–3). The patho-
physiological mechanism linking these pregnancy
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complications to CVD decades later is poorly under-
stood, thus constraining the development of ap-
proaches to prevent future CVD in these women.

Around the time of delivery, women with HDP are
more likely to have structural cardiac changes
compared with women who are normotensive during
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ASE = American Society of

Echocardiography

BMI = body mass index

CVD = cardiovascular disease

GLS = global longitudinal

strain

HDP = hypertensive disorders

of pregnancy

IVS = interventricular septum

LV = left ventricle/ventricular

LVMI = left ventricular mass

index

PW = posterior wall

RV = right ventricle/ventricular

RWT = relative wall thickness
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pregnancy (4,5). On peripartum transthoracic
echocardiogram, women with HDP have
more prominent changes in diastolic function
parameters, including an exaggerated
reduction in E/A mitral inflow ratio and
increased E/eʹ ratio, as measured with spec-
tral and tissue Doppler, respectively (6). They
also have changes in left ventricular (LV) and
right ventricular (RV) structure and function
including increased LV wall thickness, LV
mass index, estimated RV systolic pressure,
and abnormalities in RV strain (7) that can
persist up to 1 year postpartum (8).

A limited number of studies have reported
inconsistent echocardiographic findings in
later life for women with a history of HDP.
Among women in their fifth decade of life,
ranging 9 to 16 years after the index preg-
SEE PAGE 1069
nancy, pre-eclampsia history was associated with a
higher estimated left atrial pressure (mean E/eʹ ratio),
increased LV mass index and increased relative wall
thickness (RWT) compared with those without HDP
(9,10). More severe forms of pre-eclampsia were
associated with higher proportion of LV concentric
remodeling and lower LV global longitudinal strain
(GLS) up to a few years after delivery (11). Other
studies have shown an association of pre-eclampsia
history with concentric LV remodeling and preclini-
cal heart failure 4 to 10 years after delivery; however,
these associations were attenuated after accounting
for current blood pressure (12,13).

Although there has been some characterization of
structural cardiac changes among women with a his-
tory of HDP, the underlying mechanisms for these
changes are incompletely understood. The timing of
postpartum echocardiograms in prior studies has
varied widely from 1 to 16 years postpartum making
their findings difficult to compare. Also, women with
HDP have a higher likelihood of developing hyper-
tension in the years after delivery (1), an important
comorbidity that could contribute to the LV remodel-
ing and diastolic changes (14). To date, however,
echocardiographic studies performed in later life have
not consistently accounted for the development of
chronic hypertension after an HDP, such that its
contribution to the structural cardiac changes in
womenwith a history of HDP is not clearly understood.

Vascular changes in the placenta may provide
additional insight to themechanistic link betweenHDP
and later-life cardiac structural changes and CVD.
About 40% to 50% of women with HDP have placental
maternal vascular malperfusion (MVM), a pathophys-
iological finding characterized by incompletematernal
vascular placental remodeling and vessel wall
d for Anonymous User (n/a) at R4L.Syrian Arab Republic from C
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impairments (15–18). This decidual vasculopathy has
features similar to those found in atherosclerosis
(16,19,20), and include the placental response to hyp-
oxia. Placental MVM lesions are thought to arise from
an impaired maternal response to the vascular adap-
tations required to successfully perfuse the placenta,
and thus, have been hypothesized to be a marker of
CVD susceptibility and risk factors later in life (21–23).
Although provocative, there are no studies linking
placental vascular changes during pregnancy to
adverse maternal cardiac remodeling in later life.

Based on the previously listed considerations, we
hypothesized that women with a history of HDP are
more likely to have ventricular remodeling and
changes in systolic/diastolic LV function long-term,
and that those with current hypertension or
placental MVM lesions would be most affected. To test
this hypothesis, we performed echocardiography 8 to
10 years after pregnancy in a unique cohort of women
at our institution in whom placental pathology and
complete clinical pregnancy data were available.
METHODS

PARTICIPANTS. Eligible women were those with de-
liveries in 2008 to 2009 identified from the Magee
Obstetric Maternal and Infant database at the Uni-
versity of Pittsburgh, Pittsburgh, Pennsylvania; this
clinical cohort of women had detailed pregnancy data
abstracted from medical records. About 45% of de-
liveries (n ¼ 4,457) had placental pathology specimen
collection at the time of delivery for clinical in-
dications, and those with these data were the source
population for the study (24). We recruited women
from an ongoing study investigating placental
vascular lesions, adverse pregnancy outcomes, and
postpartum CVD (n ¼ 498). We then randomly
selected a subset to undergo 2-dimensional (2D)
transthoracic B-mode, Doppler, and strain echocar-
diography (2017 to 2020) (Supplemental Figure 1). By
design, one-half had placental MVM lesions (vascul-
opathy, placental infarct, accelerated villous matu-
ration, and fibrin deposition; n ¼ 65) (Supplemental
Table 1) (21,25,26), and one-half did not have MVM
lesions (n ¼ 67). Placental features for enrolled
women were re-evaluated by a study pathologist
(W.T.P.), who was blinded to all clinical information
except gestational age and there was substantial
agreement between the blinded review and the clin-
ical report (kappa ¼ 0.78). We excluded from this
study women who were currently pregnant; had a
diagnosis of chronic hypertension prior to pregnancy;
or had clinical CVD including congenital heart
linicalKey.com by Elsevier on February 26, 2021.
 ©2021. Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.jacc.2020.12.051
https://doi.org/10.1016/j.jacc.2020.12.051
https://doi.org/10.1016/j.jacc.2020.12.051


J A C C V O L . 7 7 , N O . 8 , 2 0 2 1 Countouris et al.
M A R C H 2 , 2 0 2 1 : 1 0 5 7 – 6 8 Hypertensive Disorders of Pregnancy and Left Ventricular Remodeling

1059
disease, valvular heart disease, myocardial infarction,
cardiomyopathy, heart failure, or stroke before the
index pregnancy. Two of the women recruited had
chronic hypertension predating pregnancy and were
excluded from the analyses. One of these also had a
history of inferior myocardial infarction, and thus had
significant wall motion abnormalities.

This study was approved by the University of Pitts-
burgh Institutional Review Board (STUDY19110278).
All participants signed written informed consent.

STUDY PROCEDURES. Between 2017 and 2019 (8 to
10 years after their delivery) we enrolled women to
attend a study visit where we measured height,
weight, and blood pressure by standardized methods.
Trained research personnel took 3 blood pressure
measurements after participants had been sitting at
rest for 5 min using an automated, validated device
(Microlife A6 PC/BP 3GUI-8X, Microlife USA, Clear-
water, Florida) and an appropriately sized cuff
following measurement of arm circumference. Par-
ticipants completed a survey that included questions
about current medications and medical history. Dia-
betes was identified by self-report or if a participant
had a hemoglobin A1c (HbA1c) $6.5%. We defined
current hypertension according to the 2018 JNC-8
guidelines with average measured systolic blood
pressure >130 mm Hg, average diastolic blood pres-
sure >80 mm Hg, or self-reported antihypertensive
medication use. We classified women with a history
of HDP including those with gestational hypertension
(elevated systolic blood pressure >140 mm Hg or
diastolic >90 mm Hg diagnosed after 20 weeks
gestation) or pre-eclampsia (elevated blood pressure
plus proteinuria) by abstraction of the medical record
data for their index pregnancy based on the American
College of Obstetricians and Gynecologists definitions
at the time of delivery (27). Development of pre-
eclampsia in any pregnancy other than the index
pregnancy was assessed by Magee Obstetric Maternal
and Infant database abstraction of other deliveries
recorded in this database. We defined pre-term birth
as delivery at <37 weeks gestation.

TRANSTHORACIC ECHOCARDIOGRAM. At the study
visit, participants underwent a standard transthoracic
2D echocardiogram performed by a dedicated research
sonographer on a clinical ultrasound imaging system
(IE33, Phillips Healthcare, Andover, Massachusetts).
Two cardiologists (M.E.C., K.L.B.) certified by the
National Board of Echocardiography independently
interpreted the studies, and discrepancies were
resolved by discussion and consensus agreement. Both
cardiologists and the sonographer were blinded to the
participant’s obstetric history.
Downloaded for Anonymous User (n/a) at R4L.Syria
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We used standard 2D echocardiographic methods
to obtain measurements of LV interventricular
septum (IVS) thickness, LV posterior wall (PW)
thickness, and LV end-diastolic diameter according to
American Society of Echocardiography (ASE) guide-
lines (28). We calculated left atrial volume index by
summation of disks method and indexing to body
surface area (28). We calculated ejection fraction by
biplane method summation of discs (28). Measures of
diastolic dysfunction were obtained by pulse-wave
Doppler of the mitral inflow (E and A velocity) and
pulse-wave tissue Doppler of the lateral and septal
mitral annulus (eʹ velocity). Diastolic dysfunction was
defined by the 2016 ASE guidelines including inde-
terminant diastolic, which was defined by 2 of 4
positive criteria for diastolic dysfunction (29). RWT
was calculated as: 2 � (LV PW thickness)/(LV end-
diastolic diameter). Left ventricular mass index
(LVMI) was calculated using formulas for chamber
quantification by the ASE (28). LV remodeling was
defined as a RWT of >0.42 and LV hypertrophy was
defined as LVMI >95 g/m2 (28).

Assessment of myocardial strain was performed by
postprocessing acquired images using 2D speckle-
tracking technique on 2D grayscale loops with
commercially available software (2D Cardiac Perfor-
mance Analysis version 4.3.2.5, TomTec, Munich,
Germany). LV GLS was calculated by averaging the
negative peak systolic longitudinal strain from 16
ventricular segments in the apical 4-, 3-, and
2-chamber views (30). The RV free wall strain was
assessed by averaging the negative peak systolic
longitudinal strain from the RV basal, mid, and apical
free wall segments. Abnormal GLS was defined as
>�20% (30). Two cardiologist readers (M.E.C., J.L.C.)
adjudicated strain images for 20 participants.

Biplane LV ejection fraction could not be measured
due to suboptimal image quality in 2 participants. LV
GLS was unable to be measured in 17 participants
(14%) and RV strain was unable to be measured in 35
participants (27%) due to suboptimal image quality or
lack of dedicated RV images.

STATISTICAL METHODS. Comparison of continuous,
normally distributed demographic variables between
women with a history of HDP in the index pregnancy
and women with normotensive pregnancies were
analyzed using analysis of variance. Categorical
variables were compared using chi-square or Fisher
exact tests for groups with <5 participants. Echocar-
diographic outcome variables were chosen based on
prior data showing potential influence of HDP,
including variables for LV structure, diastolic func-
tion, and LV GLS (4). Linear and logistic regression
n Arab Republic from ClinicalKey.com by Elsevier on February 26, 2021.
t permission. Copyright ©2021. Elsevier Inc. All rights reserved.



TABLE 1 Participant Demographic Characteristics

Normotensive in
Pregnancy
(n ¼ 102)

HDP History
(n ¼ 30) p Value

Age, yrs 38.6 � 6.1 38.3 � 6.3 0.82

Follow-up, yrs 9.8 � 0.7 9.5 � 0.9 0.04

Black 39 (38.2) 12 (40.0) 0.63

Education 1.00

Less than high school 7 (6.9) 1 (3.3)

High school graduate 33 (32.4) 10 (33.3)

Collegeþ 61 (59.8) 19 (63.3)

Smoking current 23 (23.0) 6 (20.0) 0.77

BMI, kg/m2 31.2 � 8.7 33.3 � 6.5 0.24

Hypertension* 26 (25.5) 19 (63.3) <0.0001

Any antihypertensive medication 3 (2.9) 9 (30.0) <0.0001

ACE inhibitor 1 (33.3) 2 (22.2)

Diuretic 1 (33.3) 1 (11.1)

Calcium-channel blocker 0 (0.0) 2 (22.2)

2 or more antihypertensive
medications

0 (0.0) 4 (44.4)

Other 1 (33.0) 0 (0.0)

Diabetes† 7 (7.0) 6 (20.7) 0.03

Dyslipidemia‡ 12 (11.9) 3 (10.7) 0.87

Systolic BP, mm Hg 113.7 � 12.6 124.6 � 11.8 <0.0001

Diastolic BP, mm Hg 74.2 � 8.7 81.7 � 9.6 <0.0001

Total number of pregnancies 3 (2–5) 3 (2–4) 0.55

Pre-eclampsia in nonindex
pregnancy

3 (2.9) 3 (10.0) 0.13

Index pregnancy variables

Pre-term birth 27 (26.5) 9 (30.0) 0.70

Gestational diabetes 10 (9.8) 2 (7.1) 0.67

Placental MVM lesions 46 (45.1) 19 (63.3) 0.08

Values are mean � SD, n (%), or median (interquartile range). *Defined by systolic BP
>130 mm Hg, diastolic BP >80 mm Hg, or being on antihypertensive medications. †Defined by
self-report or HbA1c. ‡Defined by self-report.

ACE ¼ angiotensin-converting enzyme; BMI ¼ body mass index; BP ¼ blood pressure;
HDP ¼ hypertensive disorder of pregnancy; MVM ¼ maternal vascular malperfusion.
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models were used to adjust for covariates. We
adjusted first for nonmodifiable factors that may in-
fluence echocardiographic measures (age, race) (28),
then added factors that may be on the causal pathway
for the development of CVD by first including
placental MVM lesions, then body mass index (BMI),
current hypertension, and HbA1c. Interaction terms
then guided further subgroup analysis of variance to
investigate differential influence of current hyper-
tension and HDP on echocardiographic outcomes.
Similarly, we explored the interaction between
placental MVM lesions and HDP on echocardiographic
outcomes. Between-group pairwise comparisons
were conducted using Bonferroni methods for
continuous variables and pairwise comparison for
categorical variables. A p value <0.05 was considered
significant (2-tailed). The p values and 95% confi-
dence intervals presented in this report have not been
adjusted for multiplicity, and therefore, inferences
Downloaded for Anonymous User (n/a) at R4L.Syrian Arab Republic from C
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drawn from these statistics may not be reproducible.
Given our modest numbers in each group, an inter-
action p value <0.10 was determined to indicate
possible interaction and thus warranted stratified
analyses. Statistical analyses were conducted using
Stata version 15.1 (StataCorp LLC, College Sta-
tion, Texas).

RESULTS

STUDY POPULATION. We enrolled 132 women (mean
10 � 1 years post-delivery; age 39 � 6 years): 102 had
normotensive pregnancies and 30 had HDP history in
their index pregnancy including pre-eclampsia
(n ¼ 21) or gestational hypertension (n ¼ 9)
(Supplemental Figure 1, Table 1). Women recruited
for echocardiograms differed only by BMI (31.4 �
8.3 kg/m2 vs. 29.7 � 7.8 kg/m2; p ¼ 0.04) compared
with those from the parent study not selected for
echocardiograms (Supplemental Table 2). Of the
women with pre-eclampsia, 6 (29%) had severe pre-
eclampsia and 7 (33%) had pre-term delivery. In to-
tal, 3 women (3%) in the normotensive group and 3
(10%) in the HDP group had a pregnancy other than
the index complicated by pre-eclampsia (p ¼ 0.13).
Compared with women without HDP, those with HDP
during the index pregnancy were more likely to have
current hypertension 8 to 10 years after delivery by
study visit blood pressure or antihypertensive medi-
cation use (63.3% vs. 25.5%; p < 0.0001), current
diabetes (20.7% vs. 7.0%; p ¼ 0.03), higher systolic
blood pressure (125 � 12 mm Hg vs. 114 � 13 mm Hg;
p < 0.0001), higher diastolic blood pressure (82 �
10 mm Hg vs. 74 � 9 mm Hg; p < 0.0001), and a trend
toward higher proportion of placental MVM lesions
during pregnancy (63.3% vs. 45.1%;
p ¼ 0.08) (Table 1).

HDPHISTORYAND ECHOCARDIOGRAPHIC OUTCOMES. In
a linear regression model adjusting for age and race,
women with HDP history had higher LV wall thick-
ness, higher biplane LV ejection fraction, lower mitral
inflow E/A ratio, and higher RWT compared with
women without HDP (Table 2) (unadjusted results
provided in Supplemental Table 3). In a model addi-
tionally adjusting for placental MVM lesions, results
were unchanged. In a model further adjusting for
BMI, current hypertension, and HbA1c, HDP history
was still associated with higher LV IVS thickness
(b ¼ 0.08; p ¼ 0.04), higher RWT (b ¼ 0.04; p ¼ 0.04),
and higher biplane LV ejection fraction (b ¼ 3.8;
p ¼ 0.004). Subgroup analyses for women with
only pre-eclampsia history (rather than combined HDP
variable with both pre-eclampsia and gestational HTN)
compared with those who were normotensive during
linicalKey.com by Elsevier on February 26, 2021.
 ©2021. Elsevier Inc. All rights reserved.
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TABLE 2 Adjusted Echocardiographic Parameters in Participants With Hypertensive Disorders of Pregnancy History Versus Those Without

Hypertensive Disorders of Pregnancy

Model 1 b (95% CI)* p Value Model 2 b (95% CI)† p Value Model 3 b (95% CI)‡ p Value

2D echo measures

Biplane EF, % 2.9 (0.59 to 5.20) 0.01 2.8 (0.48 to 5.10) 0.02 3.8 (1.2 to 6.4) 0.004

LVEDd, cm �0.13 (�0.34 to 0.07) 0.20 �0.13 (�0.33 to 0.08) 0.22 �0.15 (�0.37 to 0.06) 0.17

IVS thickness, cm 0.12 (0.05 to 0.19) 0.001 0.11 (0.04 to 0.18) 0.002 0.08 (0.004 to 0.150) 0.04

PW thickness, cm 0.09 (0.03 to 0.15) 0.004 0.09 (0.02 to 0.15) 0.007 0.06 (�0.008 to 0.120) 0.09

LAVI, ml/m2 �1.8 (�5.1 to 1.5) 0.28 �1.8 (�5.1 to 1.5) 0.28 �0.51 (�4.1 to 3.1) 0.78

LVMI, g/m2 3.4 (�3.7 to 10.6) 0.35 3.3 (�4.0 to 10.5) 0.38 1.54 (�6.5 to 9.6) 0.71

LV remodeling

RWT 0.06 (0.02 to 0.09) 0.002 0.05 (0.02 to 0.09) 0.003 0.04 (0.003 to 0.080) 0.04

Diastolic function

E/A �0.22 (�0.36 to �0.08) 0.002 �0.21 (�0.36 to �0.07) 0.003 �0.11 (�0.27 to 0.04) 0.14

Septal e’, cm/s �0.37 (�1.50 to 0.73) 0.51 �0.46 (�1.60 to 0.64) 0.41 0.16 (�1.0 to 1.3) 0.80

Lateral e’, cm/s �0.83 (�2.20 to 0.51) 0.22 �0.90 (�2.30 to 0.46) 0.19 �0.25 (�1.8 to 1.2) 0.74

E/e’ 0.45 (�0.23 to 1.10) 0.19 0.53 (�0.16 to 1.20) 0.33 0.33 (�0.39 to 1.10) 0.37

TR velocity, m/s 0.08 (�0.08 to 0.25) 0.31 0.11 (�0.06 to 0.28) 0.22 0.10 (�0.10 to 0.29) 0.33

Strain

LV GLS, % 0.49 (�0.88 to 1.80) 0.48 0.48 (�0.91 to 1.90) 0.50 �0.32 (�1.8 to 1.1) 0.66

RV strain, % 0.86 (�1.6 to 3.4) 0.50 1.1 (�1.5 to 3.7) 0.40 �0.41 (�3.1 to 2.3) 0.76

Logistic regression

Odds of LV remodeling, RWT >0.42 3.4 (1.3 to 8.8) 0.01 3.2 (1.2 to 8.5) 0.02 2.5 (0.84 to 7.70) 0.10

*Adjusted for age and race. †Adjusted for age, race, and placental MVM lesion. ‡Adjusted for age, race, placental MVM lesion, BMI, current hypertension, hemoglobin A1c.

CI ¼ confidence interval; EF ¼ ejection fraction; GLS ¼ global longitudinal strain; HDP ¼ hypertensive disorder of pregnancy; HTN ¼ hypertension; IVS ¼ interventricular
septum; LAVI¼ left atrial volume index; LV ¼ left ventricle; LVEDd¼ left ventricular end diastolic diameter; LVMI¼ left ventricular mass index; PW ¼ posterior wall; RV ¼ right
ventricle; RWT ¼ relative wall thickness; TR ¼ tricuspid regurgitation.
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pregnancy yielded similar results (Supplemental
Table 4). Sensitivity analyses removing the 3 women
in the normotensive group reporting a nonindex
pregnancy complicated by pre-eclampsia did not affect
our results.

In a logistic regression model adjusting for age,
race, and placental MVM lesions, HDP was an inde-
pendent predictor for LV remodeling defined as RWT
>0.42, with an adjusted OR of 3.2 (confidence inter-
val: 1.2 to 8.5; p ¼ 0.02); results were attenuated after
further adjustment for BMI, current hypertension,
and HbA1c (2.5 [confidence interval: 0.84 to 7.7];
p ¼ 0.10) (Table 2).

ECHOCARDIOGRAPHY OUTCOMES STRATIFIED BY

HDP AND CURRENT HYPERTENSION. There was
evidence that the echocardiographic differences
according to HDP varied among those who had pro-
gressed to current hypertension (p ¼ 0.08 for inter-
action for E/A ratio). Across the 4 groups stratified by
a history of HDP and current hypertension, women
with both HDP and current hypertension had higher
interventricular septal thickness (p ¼ 0.001), LV
posterior wall thickness (p ¼ 0.006), and RWT
(p ¼ 0.005); a higher proportion of LV remodeling
defined as RWT >0.42 (p ¼ 0.01); lower LV GLS
(p ¼ 0.007); and a higher proportion of abnormal RV
Downloaded for Anonymous User (n/a) at R4L.Syria
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strain (p ¼ 0.02) (Table 3). There were also differences
in diastolic function measures, including lower E/A
ratio (p < 0.001) and lower septal (p < 0.001) and
lateral eʹ (p ¼ 0.007). Between-group post hoc pair-
wise comparisons showed significant differences
between the group with both HDP history and current
hypertension versus the group without HDP history
or hypertension, with higher IVS thickness
(p ¼ 0.001), LV PW thickness (p ¼ 0.004), and RWT
(p ¼ 0.002); lower E/A ratio (p < 0.001); and lower
septal eʹ (p ¼ 0.02) and lateral e’ (p ¼ 0.04) (Table 3,
Figure 1, Central Illustration). Those with both HDP
history and current hypertension also had lower E/A
and septal eʹ compared with those with only HDP
history. Pairwise comparisons showed that a higher
proportion of women with both HDP history and
current hypertension had LV remodeling (79.0%)
compared with only HDP history (36.4%; p ¼ 0.01),
only current hypertension (46.2%; p ¼ 0.02), and no
HDP history or current hypertension (38.2%;
p < 0.001). There were no between-group differences
among women with only HDP history compared with
those without HDP and without hypertension.

ECHOCARDIOGRAPHIC OUTCOMES STRATIFIED BY

HDP AND PLACENTAL MVM LESIONS. Associations
between HDP and echocardiography results did not
n Arab Republic from ClinicalKey.com by Elsevier on February 26, 2021.
t permission. Copyright ©2021. Elsevier Inc. All rights reserved.
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TABLE 3 Echocardiographic Parameters Among Participants Stratified by Hypertensive Disorders of Pregnancy History and Current Hypertension

No HTN/No HDP
(n ¼ 76)

No HTN/þHDP
(n ¼ 11)

þHTN/No HDP
(n ¼ 26)

þHTN/þHDP
(n ¼ 19) p Value

2D echo measures

Biplane EF, % 63.4 � 5.3 65.2 � 6.1 61.6 � 5.1 65.2 � 6.4 0.12

LVEDd, cm 4.5 � 0.5 4.5 � 0.4 4.6 � 0.5 4.3 � 0.4 0.15

IVS thickness, cm 0.92 � 0.15 0.97 � 0.22 0.99 � 0.15 1.1 � 0.21* 0.001

PW thickness, cm 0.91 � 0.14 0.95 � 0.22 0.97 � 0.14 1.0 � 0.14* 0.006

LAVI, ml/m2 24.3 � 6.7 23.1 � 6.2 25.6 � 8.0 23.4 � 9.5 0.72

LVMI, g/m2 71.9 � 15.7 74.7 � 19.1 80.9 � 17.0 78.1 � 19.6 0.10

LV remodeling

RWT 0.41 � 0.08 0.43 � 0.13 0.42 � 0.08 0.49 � 0.08* 0.005

LV remodeling, RWT >0.42 29 (38.2) 4 (36.4) 12 (46.2) 15 (79.0)*†‡ 0.01

LV hypertrophy 0.08

No hypertrophy (LVMI #95 g/m2, RWT <0.42) 44 (57.9) 6 (54.6) 12 (46.2) 4 (21.2)

Concentric remodeling (LVMI #95 g/m2, RWT >0.42) 26 (34.2) 4 (36.4) 10 (38.5) 12 (63.2)

Eccentric hypertrophy (LVMI >95 g/m2, RWT #0.42) 3 (4.0) 1 (9.1) 2 (7.7) 0 (0)

Concentric hypertrophy (LVMI >95 g/m2, RWT >0.42) 3 (4.0) 0 (0) 2 (7.7) 3 (15.8)

RV function

TAPSE 2.3 � 0.33 2.4 � 0.35 2.3 � 0.42 2.3 � 0.31 0.53

S’ 13.3 � 2.5 12.8 � 2.8 13.6 � 2.1 13.7 � 2.3 0.74

Diastolic function

E/A 1.42 � 0.36 1.41 � 0.26 1.30 � 0.39 1.01 � 0.28*†‡ <0.001

Septal e’, cm/s 10.1 � 2.7 11.5 � 2.9 8.7 � 1.7ǂ 8.2� 2.4*† <0.001

Lateral e’, cm/s 13.5 � 3.3 13.7 � 3.1 11.7 � 2.7 11.2 � 3.1* 0.007

Septal e’ <7 or Lateral e’ <11 10 (13.2) 0 (0) 7 (26.9) 6 (31.6) 0.049

E/e’ 7.1 � 1.9 7.4 � 1.3 7.9 � 1.9 7.6 � 2.9 0.43

Peak TR velocity, m/s 1.9 � 0.31 2.0 � 0.33 2.0 � 0.35 2.0 � 0.20 0.87

Indeterminant diastolic function 3 (4.0) 0 (0) 2 (7.7) 2 (12.5) 0.37

Strain

LV GLS, % �23.8 � 3.2 �22.9 � 2.6 �21.3 � 1.9* �22.4 � 2.3 0.003

LV GLS >�20% 8 (12.1) 1 (10.0) 8 (33.3) 4 (25.0) 0.09

RV free wall strain �24.8 � 4.6 �24.9 � 5.6 �22.2 � 4.1 �21.7 � 5.3 0.06

RV free wall strain >�20% 4 (7.0) 2 (22.2) 5 (23.8)* 4 (33.3)* 0.02

Values are mean � SD or n (%). *Pairwise comparison with no HTN/no HDP group significant for p value <0.05. †Pairwise comparison with HDP-only group significant for p value <0.05.
‡Pairwise comparison with HTN-only group significant for p value <0.05.

Abbreviations as in Table 2.
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vary according to presence of placental MVM lesions
(p for interaction for RWT ¼ 0.33; p for interaction for
E/A ¼ 0.90). Subgroup analyses of women stratified
by presence of placental MVM lesions (n ¼ 65) with
and without HDP history showed differences in
interventricular septal thickness, RWT, and E/A ratio
that were primarily driven by HDP history, not pres-
ence of MVM lesions (Supplemental Table 5).

DISCUSSION

The main finding of this study was that women with
HDP history have increased LV wall thickness
compared with women who did not have HDP when
evaluated nearly 1 decade after delivery. Further-
more, our stratified analyses reveal that women with
both HDP history and current hypertension are the
highest-risk group, as they have the most pronounced
Downloaded for Anonymous User (n/a) at R4L.Syrian Arab Republic from C
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echocardiographic differences, with almost 80%
having LV remodeling, which could in turn account
for differences we observed in diastolic function pa-
rameters and GLS. Of note, this group had higher
rates of LV remodeling compared with women with
only current hypertension or only HDP history. Con-
trary to our hypothesis, the presence of placental
MVM lesions did not appear to further predict higher
risk of adverse echocardiographic findings.

Prior studies have shown similar, although not
consistent, imaging findings at various time points
after delivery among women with a history of HDP.
Similar to the findings in our study, a study by Bok-
slag et al. (9) included 131 women with a history of
early-onset pre-eclampsia and looked at longer-term
echocardiographic findings, 9 to 16 years after index
pregnancy, compared with women with uncompli-
cated pregnancies. They found that a history of early-
linicalKey.com by Elsevier on February 26, 2021.
 ©2021. Elsevier Inc. All rights reserved.
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FIGURE 1 Selected Echocardiographic Parameters Stratified by HDP History and Current Hypertension

RW
T

.2

.4

.6

.8

A B

C D
E/

A

.5

1

1.5

2

2.5

IV
S 

Th
ic

kn
es

s (
cm

)

.6

.8

1

1.2

1.4

1.6

Se
pt

al
 e

’ (
cm

/s
)

5

10

15

20

25

No HTN/
No HDP

No HTN/+HDP +HTN/No HDP +HTN/+HDPNo HTN/
No HDP

No HTN/+HDP +HTN/No HDP

p = 0.001
p = 0.02

p = 0.02

p = 0.004

p < 0.0001

p = 0.02p = 0.002

p = 0.05

+HTN/+HDP

No HTN/
No HDP

No HTN/+HDP +HTN/No HDP +HTN/+HDPNo HTN/
No HDP

No HTN/+HDP +HTN/No HDP +HTN/+HDP

Between group post hoc pairwise comparisons of selected echocardiographic parameters, demonstrated as box plots of mean � SD for those with or without HDP

history and with or without current hypertension. (A) Between-group comparison of left ventricular interventricular septal wall thickness. (B) Between-group

comparison of septal eʹmitral annular velocity. (C) Between-group comparison of relative wall thickness. (D) Between-group comparison of mitral inflow E/A ratio. HDP

¼ hypertensive disorders of pregnancy; HTN ¼ hypertension; IVS ¼ interventricular septum; RWT ¼ relative wall thickness.
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onset pre-eclampsia was associated with thicker LV
walls and increased LVMI in unadjusted analyses, and
with changes in measures of diastolic dysfunction
such as lower eʹ and increased E/e’ ratio in fully
adjusted analyses (9). Another recent study showed
that women with HDP history had increased LV mass
and left atrial size measured by cardiac magnetic
resonance imaging in adjusted analyses measured 5
to 10 years after pregnancy (31). Other studies have
shown an association of pre-eclampsia history with
concentric LV remodeling and preclinical heart failure
(12,13) 4 to 10 years after delivery; however, these
associations were attenuated after adjusting for age,
Downloaded for Anonymous User (n/a) at R4L.Syria
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BMI, and current hypertension. In contrast to these
studies, which included mostly women in their fifth
decade of life, our study evaluated rather younger
women (mean age of 39 years), some of them already
with adverse cardiac changes occurring early in their
lifetime, and with the potential of these early findings
to carry a longer exposure risk.

Another unique feature of our study is that we paid
particular attention to adjusted and subgroup ana-
lyses to further clarify the distinct impact of HDP
versus other traditional CVD risk factors on echocar-
diographic measurements of ventricular structural
remodeling and function. Women with HDP during
n Arab Republic from ClinicalKey.com by Elsevier on February 26, 2021.
t permission. Copyright ©2021. Elsevier Inc. All rights reserved.



CENTRAL ILLUSTRATION Echocardiographic Differences Among Women With Both Hypertensive Disorder of
Pregnancy History and Current Hypertension 8 to 10 Years After Delivery

Countouris, M.E. et al. J Am Coll Cardiol. 2021;77(8):1057–68.

Women with and without a history of a hypertensive disorder of pregnancy and with and without current hypertension underwent transthoracic echocardiogram 8 to

10 years after index pregnancy delivery (n ¼ 132). Women with both hypertensive disorder of pregnancy history and current hypertension (n ¼ 19) had the most

adverse echocardiogram findings, including increased interventricular septal wall thickness, higher percentage of LV remodeling (RWT >0.42), and adverse diastolic

function parameters including a decreased mitral inflow E/A ratio (all p values <0.05 compared with those without a prior hypertensive disorder of pregnancy and

without current hypertension). This suggests a “double-hit” phenomenon; women with prior hypertensive disorder of pregnancy and current hypertension are a high-

risk group that warrants closer surveillance and targeted therapies for cardiovascular disease prevention. LV ¼ left ventricular; RWT ¼ relative wall thickness.
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the index pregnancy had increased interventricular
septal wall thickness and RWT compared with women
without HDP in index pregnancy, even after adjust-
ment for known cardiovascular (CV) risk factors such
as BMI, current hypertension, and HbA1c. These re-
sults support the hypothesis that the occurrence of
HDP may in itself independently mediate the initia-
tion of LV hypertrophy and remodeling and, hence,
progression to CVD in later life. Although definitive
mechanisms for LV remodeling among women with
Downloaded for Anonymous User (n/a) at R4L.Syrian Arab Republic from C
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HDP have not been established, one explanation may
relate to changes in the renin-angiotensin-
aldosterone system, which is known to be dysregu-
lated with pre-eclampsia (32,33). Circulating renin,
aldosterone, and angiotensin II levels are suppressed
in pre-eclampsia as the maternal system strives to
maintain homeostasis in response to the physiolog-
ical changes with pre-eclampsia (33,34). Interestingly,
this dysregulation may persist postpartum, and 1
study found augmented vasoconstrictor sensitivity
linicalKey.com by Elsevier on February 26, 2021.
 ©2021. Elsevier Inc. All rights reserved.
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to angiotensin II among women with recent
pre-eclampsia (35), which could contribute to devel-
opment of hypertension and adverse LV remodeling.
Alternatively, alterations in antiangiogenic proteins
such as sFLT-1 and soluble endoglin have been asso-
ciated with peripartum LV dysfunction among
women with HDP, including lower LV GLS and
increasing LV mass index (36), and thus could also
play a mechanistic role, as could inflammation (9).
More work is needed to identify the pathway impli-
cated to guide intervention trials to prevent or
reverse cardiac remodeling in women with HDP.

Known modifiable risk factors may also affect the
structural cardiac changes seen in this population,
although prior studies have not fully accounted for
these. Our subgroup analyses demonstrated that
those with both HDP history and current hyperten-
sion had the most adverse changes compared with
those who were normotensive in pregnancy and at
follow-up. Women with a history of HDP are at
increased risk to develop hypertension in the years
after delivery (1), as we also found in our study.
Elevated blood pressure can have a significant path-
ological impact on LV wall thickness, remodeling, and
hypertrophy (14,37), and thus may be a part of the
pathway for remodeling among women with a history
of HDP. Prior longitudinal cohort studies (38) have
suggested that hypertension partially, but incom-
pletely, accounts for HDP’s association with coronary
artery disease and heart failure. Additionally, we did
not see significant structural cardiac changes among
women with only hypertension in our study, sug-
gesting that HDP history adds an adverse pathological
mechanism beyond the adverse effects of hyperten-
sion alone (i.e., a “double-hit phenomenon”).
Intriguingly, prior data suggest that changes such as
increased LV mass index and LV GLS may even
pre-date the development of hypertension in
preeclamptic women early postpartum (39), and this
warrants additional study.

LV remodeling and hypertrophy have major clin-
ical implications as they have been shown to be
associated with increased CV risk, including the
development of ischemic heart disease, heart failure,
arrhythmia, and mortality (40–42). Even potentially
earlier in the remodeling pathway, increases in RWT
have been associated with LV systolic and diastolic
dysfunction and resulting clinical heart failure, as
well as increased morbidity and mortality (43,44).
Importantly, by identifying higher risk subgroups of
women with a history of HDP who have developed
subclinical CV changes, such as increased RWT or
remodeling, we can potentially target these groups
for aggressive therapies that might mitigate the
Downloaded for Anonymous User (n/a) at R4L.Syria
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evolution of adverse ventricular remodeling. Medi-
cations that target the renin-angiotensin-aldosterone
system, such as angiotensin receptor blockers, aldo-
sterone antagonists, and angiotensin receptor
neprilysin inhibitors, have been shown to reverse LV
remodeling with hypertension-related LV changes
(45,46), but have not yet been studied in HDP-
affected women. Treating or preventing known risk
factors, such as hypertension, obesity, diabetes, and
dyslipidemia, may also change the risk trajectory for
these women (47). By the 2017 ACC/AHA hyperten-
sion guidelines (48), those at high risk for CVD should
receive antihypertensive medication treatment of
stage 1 hypertension. In our cohort, 42% of women
with HDP history and stage 1 hypertension were not
on antihypertensive therapy, supporting that these
women may warrant inclusion as a higher-risk group
for more aggressive treatment. Lifestyle in-
terventions may also be an important strategy to
reduce the burden of CVD development in this pop-
ulation (49–51). Our data support the need for further
research to understand optimal therapeutic ap-
proaches in women with HDP history, particularly
approaches to prevent or manage chronic hyperten-
sion and to target reversal of LV remodeling.

Leveraging our validated placental pathology data,
we uniquely investigated potential associations
between placental MVM lesions and structural cardiac
findings on echocardiogram; however, these subgroup
analyses did not further risk-stratify our patients. One
possible reason may be that our pathological charac-
terization of the placenta is not specific enough.
Decidual vasculopathy, a placental MVM lesion most
akin to atherosclerotic lesions elsewhere in the body,
may have the highest specificity for CVD (21), but in our
cohort there were only 13 cases with this placental
lesion. Alternatively, placental MVM lesions may not
predict the later-life abnormalities in cardiac structure
found among patients with HDP, but rather may be
more associated with other vascular abnormalities
such as coronary microvascular dysfunction. It is
possible thatwomen have a predisposition to placental
malperfusion that is partially predicted by lack of the
physiological early pregnancy drop in diastolic blood
pressure (52). Placental MVM lesions are not present in
all patients with HDP; thus, there may be a separate,
chronic pathway that leads to LV remodeling. Future
studies looking more closely at specific placental le-
sions and coronary vascular function may help eluci-
date potential connections between placental MVM
and future CVD risk.
STUDY LIMITATIONS. Although it is one of the larger
studies to date investigating later-life echocardio-
graphic findings among women with a history of HDP,
n Arab Republic from ClinicalKey.com by Elsevier on February 26, 2021.
t permission. Copyright ©2021. Elsevier Inc. All rights reserved.



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: HDP

are associated with increased LV wall thickness and

relative wall thickness 8 to 10 years after delivery.

Women with both a history of hypertension during

pregnancy and current hypertension exhibit the most

pronounced structural cardiac abnormalities,

including LV remodeling, potentially warranting more

aggressive preventive strategies.

TRANSLATIONAL OUTLOOK: Further investiga-

tions are needed to understand the mechanisms link-

ing HDP with later hypertrophic ventricular

remodeling and to develop therapeutic interventions

that prevent adverse outcomes.
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it is still a relatively small sample size from a single
center. Future, larger multicenter studies are needed
to confirm thesefindings andmay provide the ability to
further stratify groups based on severity of HDP and
pre-term delivery. HDP diagnosis was obtained by
chart abstraction for the index pregnancy and 60% of
subsequent births, and thus we were not able to pre-
cisely account for all HDP occurrences in pregnancies
other than the index. Because HDP during index
pregnancy was defined by definitions at the time of
delivery, participants may have been reclassified
based on newer definitions of HDP. However, this
reclassification would likely have increased the num-
ber of participants with HDP and potentially
strengthened our results. In the normotensive preg-
nancy group, 3 women developed pre-eclampsia in a
nonindex pregnancy. Removal of these women from
our analyses did not change our results. The groupwith
recurrent HDP (n ¼ 3) was too small to evaluate. It is
also worth noting that at the time of delivery, women
in our study had a clinical indication for placental
pathological evaluation, and thus, our control group
may not have had entirely normal pregnancies or de-
liveries. We might have seen more pronounced dif-
ferences had our comparison group consisted of
participantswith entirely normal pregnancies. Finally,
our RV strain data analysis was limited by suboptimal
image quality in almost 30% of participants. Dedicated
RV strain software was not available for these analyses
but could help optimize images in the future.

CONCLUSIONS

Women with HDP are more likely to have evidence of
increased LV wall thickness in the decade after
pregnancy compared with women (with or without
current hypertension) who had normotensive preg-
nancies. Those with both HDP history and current
hypertension have the most pronounced differences
in cardiac structure and function, including the
Downloaded for Anonymous User (n/a) at R4L.Syrian Arab Republic from C
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highest proportion of LV remodeling and abnormal
diastolic function parameters. This suggests a “dou-
ble-hit” phenomenon of HDP history and current
hypertension warranting closer surveillance and early
and targeted therapies for CVD prevention in this
higher-risk group.
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