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ABSTRACT
BACKGROUND Preeclampsia is associated with increased risk of future heart failure (HF), but the relationship between
preeclampsia and HF subtypes are not well-established.
OBJECTIVES The objective of this analysis was to identify the risk of HF with preserved ejection fraction (HFpEF)
following a delivery complicated by preeclampsia/eclampsia.
METHODS A retrospective cohort study using the New York and Florida state Healthcare Cost and Utilization Project
State Inpatient Databases identiﬁed delivery hospitalizations between 2006 and 2014 for women with and without
preeclampsia/eclampsia. The authors identiﬁed women admitted for HF after discharge from index delivery hospitalization until September 30, 2015, using International Classiﬁcation of Diseases-9th Revision-Clinical Modiﬁcation diagnosis codes. Patients were followed from discharge to the ﬁrst instance of primary outcome (HFpEF hospitalization),
death, or end of study period. Secondary outcomes included hospitalization for any HF and HF with reduced ejection
fraction, separately. The association between preeclampsia/eclampsia and HFpEF was analyzed using Cox proportional
hazards models.
RESULTS There were 2,532,515 women included in the study: 2,404,486 without and 128,029 with preeclampsia/
eclampsia. HFpEF hospitalization was signiﬁcantly more likely among women with preeclampsia/eclampsia, after
adjusting for baseline hypertension and other covariates (aHR: 2.09; 95% CI: 1.80-2.44). Median time to onset of HFpEF
was 32.2 months (interquartile range: 0.3-65.0 months), and median age at HFpEF onset was 34.0 years (interquartile
range: 29.0-39.0 years). Both traditional (hypertension, diabetes mellitus) and sociodemographic (Black race, rurality,
low income) risk factors were also associated with HFpEF and secondary outcomes.
CONCLUSIONS Preeclampsia/eclampsia is an independent risk factor for future hospitalizations for HFpEF.
(J Am Coll Cardiol 2021;78:2281–2290) © 2021 by the American College of Cardiology Foundation.
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week of gestation, is a risk factor for future cardiovas-

5%-10% of pregnancies and are a leading

cular disease, and is associated with a 3- to 4-fold risk

cause of maternal morbidity and mortality

of developing heart failure (HF) (2-5).

(1). Preeclampsia, deﬁned as new-onset hypertension

However, the reason for the increased risk of HF

associated with end-organ damage after the 20th

among women with a history of preeclampsia is not
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ABBREVIATIONS

known, and prior studies that have examined

algorithm of Kuklina et al (12) based on ICD-9-CM

AND ACRONYMS

the long-term risk of HF in women with a

diagnosis and procedure codes (13). Hospitalizations

history of preeclampsia do not distinguish

were excluded from the analysis if the admission was

between heart failure with reduced ejection

coded only for an antepartum or postpartum condi-

HF = heart failure
HFpEF = heart failure with

fraction (HFrEF) or heart failure with pre-

tion but no delivery was identiﬁed. The ﬁrst eligible

served ejection fraction (HFpEF) (2,3,5).

delivery during the study period for each woman was

reduced ejection fraction

HFpEF, characterized by a left ventricular

considered the index hospitalization. Women with

SID = Statewide Inpatient

ejection >50%, is a disease that predomi-

preeclampsia, preeclampsia with severe features, and

Databases

nantly affects middle-aged and older women

eclampsia

and is associated with chronic inﬂammation;

(Supplemental Appendix) and compared with women

traditional risk factors such as hypertension, diabetes

who delivered without preeclampsia, preeclampsia

mellitus, and obesity; and nontraditional risk factors

with severe features, or eclampsia during the index

such as autoimmune disease (6,7). The prevalence of

hospitalization. Women with gestational hyperten-

HFpEF is increasing, now accounting for one-half of

sion were included in the control group unless they

HF hospital admissions, and carries a high 5-year

also carried a diagnosis of preeclampsia or eclampsia,

mortality (8). Diastolic dysfunction and asymptom-

because the association with subsequent HF was not

atic

expected to be as strong as in the preeclampsia/

preserved ejection fraction

HFrEF = heart failure with

left

ventricular

concentric

remodeling

are

increased in preeclamptic women years after pregnancy (9). Patients with abnormal cardiac remodel-

were

identiﬁed

by

ICD-9-CM

codes

eclampsia group (14-16).
Among women who had an index delivery hospi-

with

talization, we identiﬁed the ﬁrst subsequent event of

diastolic dysfunction, are at increased risk for adverse

the following: the ﬁrst hospitalization coded for HF,

cardiovascular events including the development of

death, subsequent delivery hospitalization coded for

clinical HF (10,11); this raises the possibility that

preeclampsia or eclampsia, or the end of the data

preeclampsia

(September 30, 2015). The primary outcome, maternal

ing,

particularly

concentric

could

be

hypertrophy

associated

with

HFpEF

through these pathways.

hospitalization for HFpEF after the index delivery,

The goal of this retrospective cohort study of state

was identiﬁed based on ICD-9-CM diagnosis codes for

inpatient billing databases from the Healthcare Cost

HFpEF (Supplemental Table 1). Subsequent hospital-

and Utilization Project was to characterize the rela-

izations for women after delivery were tracked

tionship between preeclampsia and long-term risk for

through September 30, 2015, using the encrypted

HFpEF hospital admission. We hypothesized that

identiﬁer in the SID.

preeclampsia is associated with a high incidence of
HFpEF hospitalizations.
SEE PAGE 2291

METHODS

To reduce the risk of confounding caused by patients who may be at increased risk of developing HF
unrelated to their preeclampsia diagnosis, patients
were excluded if they had any of the following diagnoses in the 6 months before or during the index
delivery hospitalization: chronic kidney disease,

DATA AND PATIENT SAMPLE. Through the Center for

systemic lupus erythematous, ischemic heart disease,

Administrative Data Research at Washington Univer-

hypertensive heart disease, pulmonary embolism,

sity School of Medicine in St Louis, we obtained ac-

myocardial infarction, and heart failure, including

cess to the Statewide Inpatient Databases (SID) for

cardiomyopathies and peripartum cardiomyopathy

New York and Florida between 2005 and 2015 from

(Supplemental Appendix). Patients who died during

the Heathcare Cost and Utilization Project, Agency for

the

Healthcare Research and Quality. The SID include

excluded.

index

delivery

hospitalization

were

also

approximately 97% of all acute care community hos-

Clinical and sociodemographic variables included

pital discharges (including teaching and nonteaching

in our analysis included age (<35, 35-39, and $40

hospitals). Data elements available in the SID include

years), race (White, Black, or other), tobacco use,

International Classiﬁcation of Diseases-9th Revision-

diabetes mellitus, gestational diabetes, chronic hy-

Clinical Modiﬁcation (ICD-9-CM) diagnosis and pro-

pertension, gestational hypertension, preeclampsia

cedure codes, demographics, length of stay, and

(mild, superimposed on chronic hypertension, se-

payment source, among others.

vere, eclampsia), preterm delivery, cesarean delivery,

Women aged 16-50 years discharged from a de-

median household income quartile based on zip code,

livery hospitalization between January 2006 and

Medicaid

September 2014 were identiﬁed based on evidence for

metropolitan, small metropolitan, micropolitan, and

insurance,

urban/rural

locality

a vaginal delivery or cesarean delivery using the

nonmetropolitan/nonmicropolitan),

and

(large

selected
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F I G U R E 1 Attrition Diagram

Study Population
4,153,764 potential deliveries
from New York and Florida
SID (years 2005-2014,
ages 16-50 years, excluding
abnormal product of
conception, ectopic
pregnancy, or abortion)
Exclusions
• Admissions coded as antepartum
or postpartum (n = 7,758)
• Collapsing transfers (n = 1,741)
• Deliveries within 6 months of
another delivery (n = 940)
• Restricting to first delivery/
woman (n = 1,119,845)

3,023,480 delivery
hospitalizations in
New York and Florida

2,532,515 delivery
hospitalizations in
study cohort

3,752 women with
any hospitalization
for HF (2,198
unspecified as to type)

569 women with
hospitalizations for
HFpEF

985 women with
hospitalizations for
HFrEF

• Comorbidities (SLE, CKD, PPCM,
pulmonary embolism or MI
within 1 year of delivery
or at index) (n = 8,876)
• Restriction to 2006-Q3 2014
(n = 479,045)
• Died at admission (n = 175)
• Preeclampsia diagnosis before
delivery but not during delivery
admission (n = 2,353)
• Diagnosed with heart failure at
index admission (n = 506)
• Missing death status (n = 10)

• 180,208 missing information on
race or income and excluded
from multivariate models

2,348,555 women
without hospitalization
for HF

This algorithm was used to arrive at the ﬁnal population included in this analysis. CKD ¼ chronic kidney disease; HF ¼ heart failure; HFpEF ¼ heart failure
with preserved ejection fraction; HFrEF ¼ heart failure with reduced ejection fraction; PPCM ¼ peripartum cardiomyopathy; Q3 ¼ third quarter;
SID ¼ State Inpatient Database; SLE ¼ systemic lupus erythematosus
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hospitalizations. Observations were censored at the

T A B L E 1 Baseline Demographics

earliest of death, end of follow-up, or preeclampsia/
No Preeclampsia
(n ¼ 2,404,486)

Preeclampsia or Eclampsia
(n ¼ 128,029)

1,069,512/1,334,974 (44.5/55.5)

59,471/68,558 (46.5/53.5)

1,992,541 (82.9)

102,364 (80.0)

time of HFpEF. The outcome was ﬁrst compared be-

35-39

322,078 (13.4)

18,448 (14.4)

tween subjects with and without preeclampsia using

$40

89,867 (3.7)

7,217 (5.6)

the log-rank test with Kaplan-Meier curves. Propor-

White

1,139,319 (47.4)

52,342 (40.9)

siduals for both individual covariates and the global

Black

435,219 (18.41

35,698 (27.9)

Other

791,896 (32.9)

38,298 (29.9)

Schoenfeld test. This revealed time-dependency in

38,052 (1.6)

1,691 (1.3)

0

2,060,473 (85.7)

85, 480 (66.8)

rate Cox proportional hazards models were ﬁt for

1

292,110 (12.1)

30, 964 (24.2)

these outcomes: 1 for the early (0-90 days post–index

Number from Florida/New York
Age, y
<35

Race

eclampsia in a subsequent pregnancy. In addition, for
HFpEF, observations were censored at the time of
HFrEF. For HFrEF, observations were censored at the

tionality assumptions were tested by Schoenfeld re-

Missing

association

of

preeclampsia/eclampsia

with

overall HF and HFrEF outcomes. Therefore, 2 sepa-

Elixhauser score

$2

the

51,903 (2.2)

11, 585 (9.0)

delivery) and 1 for the late outcomes (91 or more days

Diabetes mellitus

19,657 (0.8)

4,386 (3.4)

post–index delivery). The 90-day time point was

Gestational diabetes

139,988 (5.8)

13,170 (10.3)

Chronic hypertension

50,658 (2.1)

17,842 (13.9)

Gestational hypertension

85,362 (3.6)

3,066 (2.4)

Tobacco use

98,896 (4.1)

4,787 (3.7)

Quartile 1, lowest-income

647,372 (26.9)

39,022 (30.5)

occur within 3 months of delivery (19). No violation of

Quartile 2

560,180 (23.3)

28,342 (22.1)

proportionality assumption was found for HFpEF.

Quartile 3

567,633 (23.6)

28,589 (22.3)

The models were adjusted for relevant demographic

Quartile 4, highest-income

497,816 (20.7)

22,271 (17.4)

and clinical comorbidities. Observations with missing

131,485 (5.5

9,805 (7.7)

1,089,637 (45.3)

61,262 (47.9)

covariate

chosen because of a natural break identiﬁed on visual
examination of the curves, and because this was a
clinically logical timepoint, given that 97% of peripartum

Income quartile

Missing
Medicaid insurance
Urban/rural
Large metro

1,776,519 (73.9)

96,864 (75.7)

Small metro

483,034 (20.1)

24,269 (19.0)

Micropolitan
Nonmetro or micro

cardiomyopathy

information

(HFrEF)

were

hospitalizations

excluded

from

the

models. To account for within-state correlation, observations were clustered by state in the models. As a
sensitivity

analysis,

we

evaluated

the

primary

102,852 (4.3)

4,790 (3.7)

outcome after excluding control subjects with gesta-

41,407 (1.7)

2,070 (1.6)

tional hypertension. Sensitivity analyses were also

674 (0.0)

36 (0.0)

performed for the primary outcome of HFpEF

0.06

0.15

considering both potential extreme scenarios for un-

Missing
Postindex mortality

speciﬁed HF admissions. One sensitivity analysis was

Values are n (%) unless otherwise indicated.

performed censoring each unspeciﬁed HF event (ie,
assuming all were non-events), and 1 analysis was
Elixhauser comorbidities (17,18). Elixhauser comorbidities are a well-established method for identifying
common medical conditions using claims data (17),
and have been used in many prior studies in this and
other datasets.
OUTCOMES. The primary outcome was hospitaliza-

performed considering each unspeciﬁed HF event as
an event (ie, assuming all were HFpEF events).
This study was considered exempt by the Washington University Human Research Protection Ofﬁce,
and the requirement for informed consent was
waived because of the deidentiﬁed nature of the data
(IRB #201810063). Statistical analyses were done with

tion for HFpEF after index delivery hospitalization for

SAS version 9.4 (SAS Institute) and R version 4.0 (R

women with vs without preeclampsia/eclampsia.

Foundation).

Prespeciﬁed secondary analyses were performed for
time to hospitalization for any HF (HFpEF, HFrEF, or
unspeciﬁed) and HFrEF for women with vs without

RESULTS

preeclampsia/eclampsia.

PATIENT POPULATION. Of the 2,532,515 women with

ANALYSES. The effect of preeclampsia/eclampsia on

a delivery hospitalization between 2006 and 2014

the primary outcome of HFpEF hospitalization was

who met the inclusion criteria (Figure 1), 128,029

evaluated in time to event analysis. Analysis was

(5.1%) had preeclampsia/eclampsia during the index

performed for HFpEF admissions and for the sec-

delivery hospitalization. Median follow-up time was

ondary

72 months (range: 0-120 months; interquartile range

outcomes

of

any

HF

and

HFrEF
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C ENTR AL I LL U STRA T I O N Heart Failure Hospitalizations Following Delivery Complicated by
Preeclampsia/Eclampsia

A

0.9975

1.0000
Proportion of
Patients Without Heart Failure

Proportion of
Patients Without Heart Failure

1.0000

P < 0.0001

0.9950

0.9925

0.9900

0.9975

0.9950

0.9925

0.9900
0 10 20 30 40 50 60 70 80 90
Days Since Delivery

0 1 2 3 4 5 6 7 8 9 10
Years Since 90-Day Postdelivery Landmark
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Proportion of Patients Without HFrEF

No Index Preeclampsia

B

1.0000

0.9975

P < 0.0001

P < 0.0001

0.9950

0.9925

0.9900

1.0000

0.9975

Proportion of Patients Without HFpEF

P < 0.0001

0.9950

0.9925

0.9900
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Days Since Delivery

C

Index Preeclampsia
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0
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2
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Years Since Delivery

No Index Preeclampsia

9 10

Index Preeclampsia

Williams, D. et al. J Am Coll Cardiol. 2021;78(23):2281–2290.

(A) Kaplan-Meier curves for any heart failure rehospitalization within the ﬁrst 90 days and between 90 days and 10 years postpartum. (B) Kaplan-Meier
curves for rehospitalizations for heart failure with reduced ejection fraction (HFrEF) following delivery within the ﬁrst 90 days and between 90 days and
10 years postpartum. (C) Kaplan-Meier curve for rehospitalizations for heart failure with preserved ejection fraction (HFpEF) following delivery.
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T A B L E 2 Risk of Subsequent Hospitalization for Heart Failure

With Preserved Ejection Fraction Following Delivery

0.3-65.0 months), and median age at diagnosis of
HFpEF of 34 years (IQR: 29-39 years). Chronic hypertension, diabetes mellitus, and Black race were the

Hazard
Ratio

Conﬁdence
Interval

most signiﬁcant additional risk factors for hospitali-

2.09

1.80-2.44

zation for HFpEF (aHR: 4.36 [95% CI: 3.18-5.98], 5.35

Age 35-39 y vs <35 y

1.78

1.55-2.06

[95% CI: 5.08-5.63], and 2.89 [95% CI: 2.51-3.32],

Age $40 y vs <35 y

1.59

1.51-1.67

respectively) (Table 2). Rural locality (aHR: 1.59

Black

2.89

2.51-3.32

[95% CI: 1.38-1.84]) and markers of poverty, including

Diabetes mellitus

5.35

5.08-5.64

the lowest income quartile (aHR: 1.22 [95% CI: 1.07-

Gestational diabetes

1.67

1.61-1.74

1.38] and Medicaid insurance (aHR: 1.41 [95% CI: 1.31-

Cesarean delivery

1.79

1.69-1.89

Chronic hypertension

4.36

3.18-5.98

Preterm delivery

1.51

1.48-1.53

Medicaid insurance

1.41

1.31-1.51

A sensitivity analysis was performed excluding

Income Q1 vs Q4 (highest)

1.22

1.07-1.38

control subjects with gestational hypertension. In this

Income Q2 vs Q4 (highest)

0.93

0.72-1.19

subsample

Income Q3 vs Q4 (highest)

0.97

0.90-1.05

eclampsia during the index hospitalization was

Small metro vs large metro

1.30

1.07-1.58

independently associated with increased risk of

Micropolitan vs large metro

1.42

1.27-1.59

Nonmetro or micropolitan vs large
metro

1.59

1.38-1.84

Preeclampsia or eclampsia

1.51]), were also associated with increased risk
of HFpEF.

of

2,269,814

women,

preeclampsia/

HFpEF compared with women without preeclampsia/
eclampsia, with an aHR of 2.20 (95% CI: 1.97-2.46;
P < 0.001) (Supplemental Table 3). Sensitivity ana-

Model includes all variables listed in table.
Q1 ¼ lowest income quartile; Q4 ¼ highest income quartile.

lyses were performed to account for the unspeciﬁed
HF hospitalizations and did not change the results in
a clinically meaningful way (Supplemental Table 4).

[IQR]: 45-99 months). A total of 2,320 (0.1%) records

Preeclampsia/eclampsia during the index hospitali-

did not have information on HF type. Of the

zation

remaining records, 180,086 (7.1%) were missing in-

increased risk of HFpEF compared with women

formation on race or income and were excluded from

without preeclampsia/eclampsia, both considering

remained

independently

associated

with

the multivariate models. There were 569 women with

unspeciﬁed HF hospitalizations as HFpEF events

hospitalizations for HFpEF and 985 women with

(aHR: 1.91; 95% CI: 1.89-1.93) and considering un-

hospitalizations for HFrEF. The baseline characteris-

speciﬁed HF hospitalizations as HFrEF events (aHR:

tics of the cohort are summarized in Table 1 and

2.09; 95% CI: 1.79-2.44).

Supplemental Table 2. Women with preeclampsia/
eclampsia during the index delivery hospitalization
were more likely to have underlying chronic hypertension (13.9% vs 2.1%), diabetes mellitus (3.4% vs
0.8%), and gestational diabetes (10.3% vs 5.8%).
Women with preeclampsia/eclampsia were more
likely to be $40 years of age (5.6% vs 3.7%) and Black
(27.9% vs 18.1%) compared with those without preeclampsia/eclampsia. Women with preeclampsia/
eclampsia during the index delivery hospitalization
were also more likely to have Medicaid insurance and
to live in a zip code with median household
income <25th percentile compared with women
without preeclampsia/eclampsia.
PREECLAMPSIA/ECLAMPSIA

AND

HFpEF. There

were 603 women with subsequent hospitalization(s)
for

HFpEF

(Central

Illustration).

Preeclampsia/

eclampsia during the index hospitalization was
independently associated with increased risk of

PREECLAMPSIA/ECLAMPSIA

AND

HFrEF. There

were 1,072 women with subsequent hospitalization(s)
caused by HFrEF, with median time to onset of
31.5

months

(Central

Illustration,

Supplemental

Table 5) and median age at diagnosis of 33.4 years.
Preeclampsia/eclampsia during the index hospitalization was independently associated with increased
risk of 90-day HFrEF, with an aHR of 2.13 (95% CI:
2.08-2.18) and of late HFrEF, with an aHR of 1.92
(95% CI: 1.76-2.10) compared with women without
preeclampsia/eclampsia. Other major risk factors for
90-day HFrEF included older age, Black race, chronic
hypertension, diabetes, and cesarean delivery. Other
major risk factors for late HFrEF included Black race,
diabetes mellitus, and chronic hypertension. Markers
of poverty including Medicaid insurance and median
income in the lowest 3 quartiles were also associated
with increased risk of late HFrEF.

HFpEF compared with women without preeclampsia/

RELATIONSHIP BETWEEN HOSPITALIZATION FOR

eclampsia, with an adjusted HR (aHR) of 2.09 (95% CI:

PREECLAMPSIA/ECLAMPSIA

1.80-2.44), median time to onset of 32.2 months (IQR:

were 3,995 women who developed HF of any type.

AND ANY

HF. There
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Women with a history of preeclampsia/eclampsia

Although prior studies investigating the relation-

were at increased risk of developing both 90-day

ship between preeclampsia/eclampsia and future HF

(short-term) and late HF, with median time to onset

have not speciﬁed HF type, based on the current

of HF hospitalization of 20.8 months and median age

study it can be speculated that at least one-third of

at diagnosis of 33.0 years. In the ﬁrst 90 days post-

the reported cases are caused by HFpEF (Figure 1).

index delivery, the risk of HF was >2-fold higher for

Many hospitalizations for HF in this study did not

women with eclampsia/preeclampsia (aHR: 2.65;

specify HF type; thus, all HF hospitalizations were

95% CI: 2.61-2.70) (Central Illustration, Supplemental

also analyzed together as “any heart failure.” Pre-

Table 4) compared with women without preeclamp-

eclampsia/eclampsia remained a signiﬁcant inde-

sia/eclampsia. Age, Black race, chronic hypertension,

pendent predictor of any HF in this analysis,

diabetes

Medicaid

consistent with prior studies investigating hyper-

enrollment, and rural locality were also associated

tensive disorders of pregnancy (HDP) and future HF

with increased risk of short-term HF. Preeclampsia/

risk (2,3,5). Based upon the breakdown of HFpEF

eclampsia, age $40 years, and Black race were the

and HFrEF in the speciﬁed HF analyses and the

strongest predictors of 90-day HF. Preeclampsia/

number of unspeciﬁed HF hospitalizations, it is

eclampsia remained a signiﬁcant predictor for late HF

likely that the incidence of HFpEF is under-reported

after adjusting for other clinical and demographic

in this study.

mellitus,

cesarean

delivery,

factors (aHR: 1.66; 95% CI: 1.65-1.66). The strongest

HDP are an emerging, sex-speciﬁc risk factor for

predictors of late HF were diabetes mellitus, chronic

future cardiovascular disease in women. HDP cover a

hypertension, and Black race.

broad range of hypertensive disorders including

COMPARISON BETWEEN HFpEF AND HFrEF. There

gestational

were a total of 1,072 reported HFrEF hospitalizations

chronic hypertension with superimposed preeclamp-

and 603 HFpEF hospitalizations. There were no sig-

sia, preeclampsia (with or without severe features),

niﬁcant differences in age, race, insurance type, or

eclampsia, and the HELLP (hemolysis, elevated liver

hypertension,

chronic

hypertension,

urbanicity/rurality between the HFpEF and HFrEF

enzymes, low platelets) syndrome (21,22). Although it

groups. Importantly, women diagnosed with HFpEF

has previously remained unclear whether HDP were a

were more likely than those with HFrEF to carry a

marker or contributor to future cardiovascular risk, an

diagnosis of chronic hypertension (24.9% vs 20.0%;

increasing number of studies suggest an independent

P ¼ 0.02) or diabetes mellitus (14.4% vs 8.5%;

association of HDP with future cardiovascular events

P < 0.001).

(15,16,23-25).

DISCUSSION

with a median time to event of 32.2 months and me-

The presentation of HFpEF in this study occurred
dian age of 34.0 years, consistent with onset of HF
This large retrospective study identiﬁed a strong, in-

during the reproductive years for the majority of the

dependent association of preeclampsia/eclampsia

patients

with HFpEF in the decade following pregnancy after

eclampsia have previously been associated with

adjusting for other major HF risk factors including

increased risk of short-term HF in the form of peri-

diabetes mellitus and chronic hypertension. These

partum cardiomyopathy, a distinct subtype of HFrEF

ﬁndings support current published data linking

that occurs within the ﬁrst 5 months after delivery

hypertensive disorders of pregnancy with future

(26,27). More recently, several studies have also

cardiovascular

(2).

identiﬁed HDP as a risk factor for acute peripartum

Importantly, preeclampsia/eclampsia was indepen-

HFpEF, suggesting that peripartum HF may present

disease,

and

speciﬁcally

HF

included

in

the

study.

Preeclampsia/

dently associated with both HFrEF and HFpEF,

along the spectrum of ejection fractions (28,29).

an important distinction given the female sex pre-

Although Briller et al (29) recently identiﬁed that

dominance of HFpEF. The reasons for the sex dis-

preeclampsia/eclampsia is associated with increased

parities in HFpEF remain elusive, although risk

risk of HFpEF during pregnancy and the early post-

factors including obesity, hypertension, and diabetes

partum period, the present study importantly in-

mellitus, which are more common in women than in

dicates that women with preeclampsia/eclampsia also

men and are also risk factors for preeclampsia/

remain at risk for longer-term HFpEF even after the

eclampsia, have been proposed to contribute to the

physiological changes of pregnancy have resolved.

development of HFpEF (20). Thus, this sex-speciﬁc

When compared with age- and sex-matched control

risk factor may in part explain the predominance of

subjects, patients <55 years of age with HFpEF have a

HFpEF in women.

3-fold increase in death at 1 year compared with
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control subjects (30). Thus, our study likely identiﬁes a

guidelines in October 2013 (6). It is therefore likely that

particularly high-risk cohort of women with HF who

many women with a diagnosis of HFpEF were not

could potentially beneﬁt from early identiﬁcation and

coded as such, consistent with the large number of
“unspeciﬁed” HF admissions. However, our results

risk factor modiﬁcation.
Chronic hypertension and diabetes mellitus were

remained robust after multiple sensitivity analyses.

also identiﬁed as independent risk factors for HFpEF

We did not have access to outpatient data, and thus

hospitalization in this study, and were found to be

were not able to identify those who developed HF in

more common among women developing HFpEF than

the outpatient setting. Given these 2 factors, it is likely

HFrEF. These traditional cardiovascular risk factors

that the present study underestimates the true risk of

are known risk factors for the development of HFpEF

HFpEF in women following a pregnancy complicated

(20). Women with preexisting hypertension or dia-

by preeclampsia/eclampsia. Although our follow-up

betes mellitus are at increased risk of developing

was long compared with many prior studies, longer-

preeclampsia/eclampsia, and conversely women with

term follow-up (ie, 30-50 years) is needed to develop

preeclampsia/eclampsia are also at 4-fold risk of

a complete picture of the relationship between pre-

developing future hypertension and 2-fold risk of

eclampsia and women’s lifetime cardiovascular risk

developing future diabetes mellitus (4,22,31,32). Thus,

for HFpEF. Despite these limitations, our study pro-

the ﬁndings that both traditional and nontraditional

vides an important contribution to the published data

cardiovascular risk factors were independently asso-

through further delineation of HF phenotypes, sug-

ciated with the development of early HFpEF in this

gesting development of both HFrEF and HFpEF are

cohort is consistent with what is already known about

increased in women with a history of preeclampsia.

both HFpEF and preeclampsia, and supports a multirisk model of phenotype development.
In the present study, hospital admissions for
HFpEF after a diagnosis of preeclampsia/eclampsia
disproportionately affected Black women, women
with low income, women living in rural locations, and
women receiving Medicaid insurance. It is also
known that Black patients have a 50% higher incidence of HF than white patients, and it occurs at an
earlier age (33). These ﬁndings highlight previously
recognized sociodemographic disparities in maternal
morbidity and mortality (34-38). Potential contributors to these disparities include lack of postpartum
access to health care services, structural racism, and

CONCLUSIONS
Preeclampsia/eclampsia is an independent risk factor
for future HF hospitalizations for HFpEF in the
decade following a pregnancy complicated by preeclampsia/eclampsia. Additional risk factors include
traditional cardiovascular risk factors such as hypertension and diabetes mellitus, as well as sociodemographic risk factors including Black race, markers of
poverty, and living in a rural setting. These ﬁndings
suggest

that

preeclampsia/eclampsia

may

share

common pathophysiologic mechanisms in women
with HFpEF and HFrEF.

increased burden of underlying cardiovascular risk

ACKNOWLEDGMENT The

factors. These ﬁndings, in light of the knowledge that

Joanna Buss for data programming.

cardiovascular

FUNDING SUPPORT AND AUTHOR DISCLOSURES

disease

is

the leading

cause

of

writing

group

thanks

maternal mortality as well as the leading cause of
overall mortality in women in the United States,
support the need for postpartum cardiovascular risk

This study was supported in part by the Washington University
Institute of Clinical and Translational Sciences grant UL1 TR002345
from the National Center for Advancing Translational Sciences of the

stratiﬁcation and counseling, bias reduction efforts,

National Institutes of Health, by grant number R24 HS19455 through

and continued access to health care for women with

the Agency for Healthcare Research and Quality (AHRQ), and by The

adverse pregnancy outcomes.

Longer Life Foundation Grant # 2020-005. The authors have reported

STUDY LIMITATIONS. We used ICD-9-CM diagnosis

to disclose.

that they have no relationships relevant to the contents of this paper

codes to identify hospitalizations for heart failure
which are subject to coding error. Importantly,

ADDRESS FOR CORRESPONDENCE: Dr Kathryn J.

“HFpEF” was added as a new deﬁnition to the multi-

Lindley, Washington University in St Louis, 660

disciplinary American College of Cardiology Founda-

South Euclid Avenue, Box 8086, St Louis, Missouri

tion/American

63110, USA. E-mail: Kathryn.lindley@wustl.edu.

Heart

Association

heart

failure

Williams et al

JACC VOL. 78, NO. 23, 2021
DECEMBER 7, 2021:2281–2290

Preeclampsia Predicts HFpEF Hospitalizations

PERSPECTIVES
COMPETENCY IN PATIENT CARE AND

and (HFpEF, beginning within the ﬁrst few years after

PROCEDURAL SKILLS: Hypertensive disorders,

delivery.

including preeclampsia and eclampsia, occur in up to 10%
of all pregnancies and are associated with adverse preg-

TRANSLATIONAL OUTLOOK: Future research should

nancy outcomes and long-term cardiovascular effects,

address the mechanisms, prevention, and treatment of

including hypertension, dyslipidemia, insulin resistance,

preeclampsia to reduce the subsequent development of
cardiovascular complications, including HFpEF.
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