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BACKGROUND: Preeclampsia is a prominent risk factor for long-term development of cardiovascular disease. Although existing
studies report a strong correlation between preeclampsia and heart failure, the underlying mechanisms are poorly under-
stood. One possibility is the glycoprotein growth factor activin A. During pregnancy, elevated activin A levels are associated
with impaired cardiac global longitudinal strain at 1 year, but whether these changes persist beyond 1 year is not known. We
hypothesized that activin A levels would remain increased more than 1 year after a preeclamptic pregnancy and correlate with
impaired cardiac function.

METHODS AND RESULTS: To test our hypothesis, we performed echocardiograms and measured activin A levels in women
approximately 10 years after an uncomplicated pregnancy (n=25) or a pregnancy complicated by preeclampsia (n=21).
Compared with women with a previously normal pregnancy, women with preeclampsia had worse global longitudinal strain
(-18.3% versus —21.3%, P=0.001), left ventricular posterior wall thickness (0.91 mm versus 0.80 mm, P=0.003), and interven-
tricular septal thickness (0.96 mm versus 0.81 mm, P=0.0002). Women with preeclampsia also had higher levels of activin
A (0.52 versus 0.37 ng/mL, P=0.02) and activin/follistatin-like 3 ratio (0.03 versus 0.02, P=0.04). In a multivariable model, the
relationship between activin A levels and worsening global longitudinal strain persisted after adjusting for age at enroliment,
mean arterial pressure, race, and body mass index (P=0.003).

CONCLUSIONS: Our findings suggest that both activin A levels and global longitudinal strain are elevated 10 years after a preg-
nancy complicated by preeclampsia. Future studies are needed to better understand the relationship between preeclampsia,
activin A, and long-term cardiac function.
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up to 5% of all pregnant women and is the most

common medical complication of pregnancy.!
Although preeclampsia was previously considered
only a peripartum disease, it is now recognized as a
risk factor for the long-term development of cardiovas-
cular disease. In a 2017 meta-analysis of 22 studies
and 6.4 million women, preeclampsia was associated
with a fourfold increase in the development of post-
partum heart failure and a twofold increased risk of
coronary heart disease, stroke, and death caused
by cardiovascular disease.? In addition, a 2019 study

Preeolampsia is a hypertensive disorder that affects

of 149 712 women likewise reported a 2.77% rate of
first-time cardiovascular events including heart failure,
stroke, and cardiovascular deaths in the first 9 years
after a delivery complicated by preeclampsia as op-
posed to a 1.4% rate in women after an uncomplicated
pregnancy.® We have previously observed that women
diagnosed with hypertensive disorders of pregnancy
such as preeclampsia are twice as likely to be admit-
ted with new-onset heart failure within 90 days of deliv-
ery as women with normotensive pregnancies.*

The mechanisms underlying preeclampsia-induced
postpartum heart failure are poorly understood.
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CLINICAL PERSPECTIVE

What Is New?

e Ten years after a pregnancy complicated by
preeclampsia, women are found to have worse
global longitudinal strain and higher levels of the
profibrotic glycoprotein activin A than women
who did not have preeclampsia.

e Qur study demonstrates a correlation between
activin A level and worsening global longitudinal
strain 10 years postpartum.

What Are the Clinical Implications?

e The potential role of activin A in postpartum
cardiac dysfunction raises the possibility that
therapies targeted against activin A, need fur-
ther investigation.

Nonstandard Abbreviations and Acronyms

FSTL3
GLS

follistatin-like 3
global longitudinal strain

Although biomarkers such as soluble fms-like tyrosine
kinase 1 and placental growth factor are associated
with antepartum cardiac dysfunction, they are unlikely
to play a mechanistic role in the development of post-
partum cardiac dysfunction, as their levels return to
normal within 72 hours after a delivery complicated by
preeclampsia.®

One mechanistic possibility is dysregulated activin
A signaling. Activin A is a glycoprotein growth factor
normally involved in cellular differentiation and prolif-
eration. Abnormal activin A regulation may contribute
to fibrosis in preclinical models,®” and lead clinically to
hypertension and heart failure.®"© During pregnancy;,
activin A is produced by the placenta and by other cell
types, such as macrophages, and circulating levels
are highest at term. The role of activin A in the devel-
opment of postpartum cardiac dysfunction, however,
remains unclear.

Follistatin-like 3 (FSTL3) is a coregulatory factor of
activin A that binds to and antagonizes the effect of
activin A by binding activin A through its N-terminal
domain. Because FSLT3/activin A binding may affect
activin A levels, measurement of FSTL3 levels may
play an important role in understanding the effect of
activin."

Global longitudinal strain (GLS) with speckle
tracking echocardiography is a sensitive measure
of subclinical cardiac dysfunction. Because GLS
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differentiates active from passive contraction and
is less sensitive to loading conditions than ejection
fraction, it is sensitive to the early onset of subclini-
cal systolic heart failure in patients with preeclamp-
sia.’>* In patients with preserved ejection fraction,
GLS can detect early subclinical cardiac dysfunction
before a decline in ejection fraction.'”® GLS also as-
sesses subendocardial longitudinal fibers, which are
particularly sensitive to states with reduced afterload
such as pregnancy.'®1®

Despite this high incidence of serious cardiovascu-
lar morbidity and mortality after a preeclamptic preg-
nancy, no mechanistic biomarker has been identified
that is elevated both during a preeclamptic pregnancy
and postpartum, and that correlates with ongoing
cardiac dysfunction. Further echocardiographic man-
ifestations of long-term cardiac dysfunction after a
preeclamptic pregnancy in the United States remain
poorly described.

We hypothesized that after a pregnancy compli-
cated by preeclampsia, levels of circulating activin A
would be high and correlate with worsened GLS. To test
our hypothesis, we studied women with preeclampsia
and patients with normotensive pregnancies 10 years
after their index pregnancy. Our prespecified primary
analysis was to determine whether activin A levels are
elevated 10 years after a preeclamptic pregnancy. We
secondarily assessed the correlation between activin
A levels and GLS in this cohort, and measured activin
A/FSTL3 ratios, as FSTL3 is a coregulatory factor of
activin.

METHODS

Study Design and Oversight

This cohort study was approved by the institutional
review board at the University of Chicago Medical
Center (Chicago, IL) with written informed consent and
performed in accordance with all institutional policies
(#IRB18-0248). All data and supporting materials have
been provided with the published article.

Human Subjects

Eligible patients were women who delivered at the
University of Chicago between 2007 and 2011. The
first pregnancy was defined as the index pregnancy
for study participation. These women were identi-
fied based on retrospective review of the perinatal
database, which collects demographics, diagnoses,
and outcomes for all deliveries at the University of
Chicago. Once identified, patients from this data-
base had diagnoses confirmed by a senior mater-
nal fetal medicine specialist (S.R.) based on the 2019
American College of Obstetricians and Gynecologists
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definition of preeclampsia.'”” The list of eligible pa-
tients was sorted using a random-number generator.
Mailing address information was abstracted from the
electronic medical record.

For the index pregnancy, we excluded patients
with a history of chronic hypertension, gestational
hypertension, advanced maternal age (>35 years),
substance abuse, diabetes mellitus, chronic kid-
ney disease, myocardial infarction, stroke, lupus,
any vasculopathy, and moderate to severe asthma.
Eligible women were then contacted in batches by
postal mail and asked to call the study coordinator
if they were interested in participating. Overall, 1036
letters were mailed, 212 letters were undeliverable,
and calls back were received from 79 women. When
we attempted to follow up with interested partici-
pants, 50 could be reached after 3 attempts. Four
additional patients were determined to be ineligible
at the time of the study visit. In the final study cohort
of 46 participants, 21 had been diagnosed with pre-
eclampsia at the time of the index pregnancy, and 25
had had a normotensive pregnancy.

Data Collection at the Index Pregnancy
Demographic information was collected from elec-
tronic medical records at the time of the index preg-
nancy. Preeclampsia was defined as systolic blood
pressure >140 mm Hg and/or diastolic blood pressure
>90 mm Hg occurring after 20 weeks of gestation with
proteinuria. The blood pressure readings were docu-
mented on at least 2 occasions, 4 hours to 2 weeks
apart. Proteinuria was defined as urinary excretion of
>0.3 grams of protein in a 24-hour period. Each diag-
nosis was confirmed by a senior author (S.R.) based
on clinical data available at the time of delivery for the
index pregnancy.

Data Collection at Study Enrollment
(Follow-Up)

Intervening history about subsequent medical prob-
lems and medications were collected at the time of
enrollment by the study staff via an interview with the
patient. The study staff collecting clinical information
were blinded to the patients’ echocardiogram results
and biomarker information. Systolic and diastolic blood
pressure were obtained using standardized blood
pressure cuff measurements at the time of echocar-
diogram during the study follow-up visit.

Echocardiography

All echoes were by a certified sonographer in an
Intersocietal Commission for the Accreditation of
Echocardiography Laboratories Certified Cardiology
Echocardiography Laboratory at the University of
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Chicago. A comprehensive 2-dimensional echo-
cardiographic examination was performed using
a commercial ultrasound system (i33 or Epiq7;
Philips Healthcare, Andover, MA) equipped with
an X5-1 probe by trained sonographers blinded to
the patient’s diagnosis and to the levels of activin
A. Transthoracic echocardiograms were performed
and reported according to American Society of
Echocardiography guidelines.”® The sonographer
performed a comprehensive examination including a
complete 2-dimensional and color-flow Doppler val-
vular assessment along with measurement of indices
of both systolic and diastolic function.

Ejection fraction and left atrial volume were cal-
culated using the Simpson biplane disc method. Left
ventricular mass index was calculated using the area
length method.'® GLS measurement was performed
using fully automated TOMTEC software (AutoStrain,
Tomtec Image Arena 1.2; Unterschleissheim,
Germany), a vendor-independent software package
that utilizes a computer learning algorithm to facilitate
endocardial border detection and has been validated
against manual strain measurements.?® Unlike man-
ual analysis of GLS, automated analysis reduces vari-
ability with repeated measurements and minimizes
inter- and intraobserver variability.?° Measurement
and interpretation of all echocardiography indices
were performed in Dr. Lang’s laboratory. All per-
sonnel performing and interpreting the echocardio-
grams were blinded to the patient’s diagnosis and
biomarker levels.

Measurement of Circulating Activin A and
FSTL3

Venous blood samples were collected from the sub-
ject at the time of their echocardiogram. Blood sam-
ples were centrifuged for 8 minutes at —4°C, and the
plasma was then aliquoted, labeled with a study iden-
tification, and stored at —80°C. Because the regulatory
hormone FSTL3 binds to and inactivates activin A, we
also measured FSTL3 levels and calculated activin A/
FSTL3 ratios to estimate free activin A levels.?" A sin-
gle operator (J.D.), blinded to clinical and echocardio-
graphic information, performed activin A and FSTL3
assays on each plasma sample in duplicate using
commercially available kits (Ansh Labs, Webster, TX).
The activin A assay has an intra-assay coefficient of
variation of 4.23+0.06 ng/mL and an interassay coef-
ficient of variation of 2.29+0.02 ng/mL.

Statistical Analysis

Descriptive statistics of the data were assessed
and reported. Continuous data are presented as
a meanzstandard deviation or median (quartile 1,
quartile 3) depending on variable distribution and
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TABLE 1. Characteristics of the Index Delivery
Patients Without Patients With Preeclampsia,
Index Delivery Characteristics All Patients, N=46 Preeclampsia, n=25 n=21 P Value
Age at index delivery, y 28.04+5.33 28.92+5.51 27.00+5.05 0.23
Race 0.16
White 6 (13.04) 5 (20.00) 1(4.76)
Black 35 (76.09) 16 (64.00) 19 (90.48)
Other 5(10.87) 4 (16.00) 1(4.76)
Ethnicity 0.49
Hispanic 2 (4.35) 2 (8.00) 0(0)
Non-Hispanic 43(93.48) 22 (88.00) 21 (100.00)
Unknown/refuse to answer 1(217) 1(4.00) 0 (0)
Smoking status at index pregnancy 0.24
Never smoked 37 (80.43) 22 (88.00) 15 (71.43)
Past/quit before pregnancy 3(6.52) 2 (8.00) 1(4.76)
Past/quit early pregnancy 3(6.52) 1 (4.00) 2(9.52)
Smoker 3(6.52) 0(0) 3 (14.29)
Gravida 4 (3, 6) 4 (3,5 4(3,7) 0.57
Parity 32,3 2(2,9 3(2,4) 0.54
Other preeclampsia pregnancy 9 (20.00) 0 (0) 9 (45.00) 0.0002
Fetal sex 0.57
Male 24 (52.17) 14 (56.00) 10 (47.62)
Female 22 (47.83) 11 (44.00) 11 (562.38)
Mode of delivery 0.09
Vaginal 29 (63.04) 19 (76.00) 10 (47.62)
Vaginal birth after cesarean 1(2.17) 0(0) 1(4.76)
Cesarean section 16 (34.78) 6 (24.00) 10 (47.62)
Blood loss, mL 500 (250, 800) 375 (250, 800) 550 (500, 725) 0.55

Data are presented as mean+standard deviation, median (quartile 1, quartile 3), or n (%) depending on variable type and distribution.

assessed with a t test or Wilcoxon rank sum test, as
appropriate. Normality of continuous parameters was
assessed with a Shapiro-Wilk test. Categorical data
are presented as frequencies and proportions, and
assessed with a x 2 test, or in the event of small cell
counts, Fisher exact test. Multivariable linear regres-
sion was employed to assess the relationship between
GLS and both activin and preeclamptic pregnancy
status after adjusting for potential confounders. In
the final model adjustment, variables included age
at enrollment, mean arterial pressure (MAP), race,
and body mass index (BMI). These variables were
selected because of their biological plausibility, clini-
cal relevance, and because of baseline differences
observed between groups at enrollment. Given the
nonparametric distribution of biomarker data, log
transformations were applied to meet model testing
assumptions. In all analyses, 2-sided P values <0.05
were considered statistically significant. Analyses
were performed using SAS 9.4 (SAS Institute, Cary,
NC). No a priori power calculation was performed.

J Am Heart Assoc. 2021;10:e018526. DOI: 10.1161/JAHA.120.018526

RESULTS
Demographics

A total of 46 women were included in the analysis.
Baseline characteristics and data from the index
pregnancy are shown in Table 1. Of the 46 women,
21 (45.6%) were preeclamptic during the index preg-
nancy. Although some divergences were observed,
patients with preeclampsia did not statistically differ
from patients without preeclampsia with regard to
race, ethnicity, and smoking status at the time of the
index pregnancy. Women with preeclampsia during
their index delivery were younger, had a higher BMI
at the follow-up visit, and were more likely to carry a
diagnosis of hypertension with higher MAP.

Data at the time of study enrollment are depicted in
Table 2. At the time of enrollment, corresponding to the
long-term follow-up, women with preeclampsia during
their index delivery had a higher BMI at the follow-up
visit and were more likely to carry a diagnosis of hyper-
tension with higher MAP.
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TABLE 2. Patient Characteristics at the Time of Study Enroliment (Follow-Up)

Patients Without Patients With

Follow-up Characteristics All Patients, N=46 Preeclampsia, n=25 Preeclampsia, n=21 P Value
Age at follow-up, y 37.91+6.11 39.72+6.02 35.76+5.62 0.03
Current weight, kg 79.1 (67.5, 103.3) 76.2 (62.7, 93.3) 83.2 (71.1, 119.0) 0.16
Current height, in 64.43+3.13 65.22+3.00 63.50+3.09 0.06
Current body mass index, kg/m? 30.70 (24.083, 38.65) 27.79 (22.40, 36.45) 33.70 (26.54, 43.79) 0.03
Smoking status at follow-up 0.09

Never smoked 43 (93.48) 25 (100.00) 18 (85.71)

Past/quit before pregnancy 3 (6.52) 0(0) 3 (14.29)
Hypertension 9 (20.93) 0(0) 9 (47.37) 0.0002
Mean arterial blood pressure 95.5+14.8 88.2+12.3 104.5+12.6 0.0001
Heart rate, beats per minute 76.3+13.7 71.8+11.9 82.4+13.9 0.01

Data are presented as meanzstandard deviation, median (quartile 1, quartile 3), or n (%) depending on variable type and distribution.

Echocardiography Measurements

At the time of enrollment (follow-up), GLS was numeri-
cally higher (worse) in women whose prior pregnancy
was complicated with preeclampsia than in control

Non-PE Patients PE Patients
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-14

-16

Global Longitudinal Strain

-18

-20

=22

-24

-26

Figure 1. Global Longitudinal Strain.

Global longitudinal strain is presented between those with (blue)
and without (grey) preeclampsia (PE). Values that are lower (more
negative) imply better cardiac function.
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women whose delivery was normotensive (-18.31+2.68
versus —21.29+2.70, P=0.001; Figure 1). Left ventricular
mass index was also higher in women with preeclamp-
sia (median 70.12 [IQR 59.83, 80.77] versus 62.74 [IQR
54.82, 69.02], P=0.04), as was left ventricular posterior
wall thickness (0.91 [IQR 0.84, 1.00] versus 0.80 [IQR
0.69, 0.88] mm, P=0.003) and interventricular septal
thickness (0.96+0.14 versus 0.81+0.11 mm, P=0.002;
Table 3). In a multivariable model adjusting for clinically
relevant variables including MAP and BMI, the relation-
ship between preeclampsia and GLS persisted (P=0.04).

Activin A, Follistatin, and FSTL3
Measurements

Preeclamptic women had higher levels of activin A
(median 0.52 [IQR 0.41, 0.65] versus 0.37 [IQR 0.22,
0.48] ng/mL, P=0.02) and higher activin/FSTL3 ratio
levels (0.03 [IQR 0.02, 0.04] versus 0.02 [IQR 0.01,
0.04]; P=0.04) when compared with normal women
without preeclampsia (Table 4). FSLT3 levels alone did
not differ between groups (14.81 [IQR 11.37, 17.34] ver-
sus 16.21 [IQR 12.48, 18.48], P=0.58).

Correlation Between Activin A Levels and
Echocardiography Measurements

Among all participants, increased activin A levels cor-
related with worsened GLS (r=0.46, P=0.001; Figure 2).
A similar correlation was also observed between wors-
ened GLS and increasing log of the activin A/FSTL3
ratio (=0.44, P=0.002). In a multivariable model, the re-
lationship between activin A levels and worsening GLS
persisted after adjusting for age at enroliment, MAP,
race, and BMI (P=0.003).

DISCUSSION

In this prospective cohort study of cardiac function and
activin A levels in patients 10 years after delivery, we
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TABLE 3. Echocardiographic Characteristics of Patients

Long-Term Cardiac Dysfunction After Preeclampsia

Patients Without Patients With
All Patients, N=46 Preeclampsia, n=25 Preeclampsia, n=21 P Value
GLS, % -19.93+3.05 -21.29+2.70 -18.31+.68 0.001
LVEF, % 60.45+.41 61.24+4.06 59.52+4.71 0.19
IVSd, cm 0.88+0.14 0.81+0.11 0.96+.14 0.0002
LVID, cm 46 (4.2,4.8) 4.6 (4.3,4.8) 4.6 (441,4.8) 0.47
LVPWd, cm 0.85(0.75, 0.97) 0.80 (0.69, 0.88) 0.91 (0.84, 1.00) 0.003
LVMI, g/m? 65.96 (56.40, 73.04) 62.74 (54.82, 69.02) 70.12 (59.83, 80.77) 0.04
LVED volume, mL 91.94+26.30 95.27+19.75 87.98+32.52 0.38
Stroke volume, mL 55.32+14.96 58.33+12.42 51.73+17.13 014
E, cm/s 84.41+15.63 87.17+15.08 81.10+16.01 0.20
A, cm/s 54.26+21.29 51.41+14.66 57.69+27.25 0.36
E/A 1.50 (1.25, 1.75) 1.65 (1.50, 2.10) 1.30 (1.05, 1.50) 0.002
DT, ms 186.63+37.60 192.08+38.97 179.74+35.61 0.29
Septal E, cm/s 10.18+1.55 10.35+1.52 9.97+1.60 0.42
Septal A, cm/s 9.05 (7.25, 10.40) 8.55 (7.20, 10.40) 9.40 (7.65, 10.45) 0.44
E/E’ septal 8.10 (7.00, 9.80) 8.25 (7.00, 10.30) 7.85(7.10, 9.05) 0.42
Average E/, cm/s 10.20+3.04 10.99+2.95 9.24+2.94 0.06
LAVI, mL/m? 27.91 (24.34, 32.67) 27.96 (25.17, 32.67) 27.57 (22.88, 32.38) 0.74
Left atrial strain, % 39.02+11.42 39.62+11.35 38.31+11.75 0.70

Data are presented as mean+standard deviation, median (quartile 1, quartile 3), or n (%) depending on variable type and distribution. A indicates atrial
contraction; DT, deceleration time; E, early filling; E/A, ratio of early filling/ atrial contraction; E/E’, ratio fo early filling/early-diastolic septal mitral annular velocity;
GLS, global longitudinal strain; IVSd, intraventricular septal diameter; LAV, left atrial volume; LAVI, left atrial volume index; LVEF, left ventricular ejection fraction;
LVID, left ventricular internal diameter; LV mass, left ventricular mass; LVMI, left ventricular mass index; LVPWd, left ventricular posterior wall diameter; Septal

A, atrial mitral annular motion; and Septal E, early septal mitral annular motion.

found that women with pregnancies complicated by
preeclampsia had increased levels of circulating activin
A and worsened GLS than control women with nor-
mal pregnancies. We further observed that changes
in GLS correlated with circulating levels of activin A,
suggesting a mechanistic role for activin A in the de-
layed development of cardiac dysfunction in women
after a pregnancy with preeclampsia. Our findings are
particularly clinically relevant, as many of our subjects
were Black, with increased BMI and hypertensive, thus
at higher risk of cardiovascular disease and death re-
lated to preeclampsia.??

Our findings also support previous work on car-
diac function in preeclampsia at the time of preg-
nancy and acute postpartum period,?®>26 and our
previous observations that antepartum women with
preeclampsia exhibit both elevated antepartum ac-
tivin A levels and a worse than normal GLS at 1-year
postpartum.'? In this study, we extend our previous

TABLE 4. Biomarker Characteristics of Patients

findings to note that activin A levels and GLS in
women after a preeclamptic pregnancy correlate at
10 years postpartum.

Our data suggest a potential mechanism to explain
how a pregnancy complicated by preeclampsia may
lead to subsequent development of cardiovascular
disease. Previous work in a mouse model has demon-
strated a direct cause and effect relationship between
experimentally induced increases in activin A levels and
systolic and diastolic dysfunction. In addition, blocking
activin type 2 receptor activity attenuated cardiac dys-
function in mouse models of heart failure.b Clinically,
we have demonstrated that activin A levels correlate
with worsening GLS during both the peri- and immedi-
ate postpartum periods, suggesting that activin A may
play a role in cardiovascular disease among women
with preeclampsia.’>?’

A sustained increase in activin A levels during and
after a preeclamptic pregnancy is plausible. During

Patients Without Patients With Preeclampsia,
All Patients, N=46 Preeclampsia, n=25 n=21 P Value
Activin, ng/mL 0.43 (0.25, 0.56) 0.37 (0.22, 0.48) 0.52 (0.41, 0.65) 0.02
FSTL3, ng/mL 156.76 (11.37, 18.06) 16.21 (12.48, 18.48) 14.81 (11.37, 17.34) 0.58
Activin/FSTL3 ratio 0.03 (0.02, 0.04) 0.02 (0.01, 0.04) 0.03 (0.02, 0.04) 0.04

Data are presented as median (quartile 1, quartile 3). FSTL3 indicates follistatin-like 3.

J Am Heart Assoc. 2021;10:e018526. DOI: 10.1161/JAHA.120.018526
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Figure 2. Association Between Global Longitudinal Strain and Activin.
The correlation between global longitudinal strain and activin A is presented. Given the skewed distribution of activin A, the natural

logarithm is employed.

pregnancy, activin A is produced by the placenta and
other cell types, such as macrophages, and undergoes
endocytic degradation by binding to heparan sulfate
on the cell surface.?® Extraplacental sources of activin
A identified in preeclampsia include endothelial cells
and monocytes, which both remain activated postpar-
tum and likely continue to secrete activin A.?°-3" Gene
expression profiles have also identified oxidative stress,
inflammation-mediated cytokines and chemokines, and
interleukins as factors common to both preeclampsia
and cardiovascular disease.>? These pathways are all
potent stimulators of activin A secretion.3?

Obesity increases the overall risk of preeclampsia
by approximately two- to threefold. In addition, pre-
eclampsia and subsequent cardiovascular disease,
apart from sharing common risk factors like obesity,
also share common pathogenic features including en-
dothelial dysfunction, oxidative stress, and increased
inflammatory activation.3* Interestingly, activin A is
highly expressed in adipose tissue and in women with

preeclampsia and elevated in cardiovascular disease,
thus possibly providing a pathogenic link between
obesity, preeclampsia, and subsequent cardiovascu-
lar disease.3®

The potential role of activin A in postpartum car-
diac dysfunction raises the possibility that therapies
targeted against activin A may mitigate the devel-
opment of cardiac dysfunction after a preeclamptic
pregnancy. Aspirin, for example, blocks heparanase,
which subsequently increases heparan sulfate for
activin A binding.®® We have previously observed that
antepartum aspirin therapy in the second trimester
reduced serum activin A levels and improved GLS
in preeclamptic patients.?” The American College
of Obstetricians and Gynecologists guidelines rec-
ommend the use of low-dose aspirin (81 mg/d) to
mitigate the risk of preeclampsia in women at high
risk.®” Current guidelines also recommend discontin-
uing aspirin at 36 weeks or at the time of delivery
unless indicated for thrombotic conditions. These

J Am Heart Assoc. 2021;10:e018526. DOI: 10.1161/JAHA.120.018526 7
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observations suggest that continuing aspirin in pa-
tients after a preeclamptic pregnancy may poten-
tially modulate activin A signaling. More research is
needed to evaluate whether this modulation can re-
duce the risk of long-term cardiac dysfunction.

Our study has several limitations. Because study
enrollment required that women respond to our in-
quiry, response bias may have affected our results.
Previous studies have observed that respondents
to a voluntary study are older, have higher educa-
tion levels, and report fewer risky behaviors.®8-4° Our
data may thus be confounded by inherent differ-
ences between responders and nonresponders. Our
study sample size is also small, which may limit the
reproducibility of our findings. Our results should be
interpreted with caution bearing this in mind. Future
studies evaluating this initial finding in larger sample
sizes will thus be needed to confirm the observations.
Furthermore, it is possible that hypertension itself
may have affected GLS independently. We found,
however, that after adding MAP to our multivariable
model, the relationship persisted, such that worsen-
ing GLS was associated with a history of preeclamp-
sia. In addition, although we adjusted for baseline
differences between groups, it is possible that our
results may be confounded by between-group differ-
ences that we were unable to account for. However,
we excluded patients who had chronic hypertension
or diabetes mellitus before their index pregnancy,
suggesting that postpartum hypertension had de-
veloped after the preeclampsia pregnancy, similar to
previous large studies.*!42

CONCLUSIONS

We report that among women 10 years after a pregnancy
complicated by preeclampsia, activin A levels were
higher and GLS was worse than in a non-preeclamp-
sia cohort. In addition, we found among patients with
preeclampsia that activin A correlated with worsened
GLS, suggesting a possible etiologic role for activin A.
Further work is needed to better understand the factors
that drive the development of long-term cardiovascular
disease after a pregnancy complicated by preeclampsia
to develop strategies to mitigate that risk.
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