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Abstract

Background: Hypertensive disorders of pregnancy (HDP), including gestational hypertension
and preeclampsia, are associated with an increased risk of CVD.

Objectives: To evaluate associations between HDP and long-term CVD and identify the
proportion of the association mediated by established CVD risk factors.

Methods: Parous participants without CVD in the Nurses’ Health Study 11 (n=60,379) were
followed for incident CVD from first birth through 2017. Cox proportional hazards models
estimated hazard ratios (HR) and 95% confidence intervals (CI) for the relationship between
HDP and CVD, adjusting for potential confounders, including pre-pregnancy body mass index,
smoking, and parental history of CVD. To evaluate the proportion of the association jointly
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accounted for by chronic hypertension, hypercholesterolemia, type 2 diabetes, and changes in
BMI, we used the difference method.

Results: Women with HDP in first pregnancy had a 63% higher rate of CVD (Cl:1.37-1.94)
compared to women with normotensive pregnancies. This association was mediated by established
CVD risk factors (proportion mediated=64%). The increased rate of CVD was higher for
preeclampsia (HR=1.72, Cl:1.42-2.10) than gestational hypertension (HR=1.41, CI:1.03-1.93).
Established CVD risk factors accounted for 57% of the increased rate of CVD for preeclampsia
but 84% for gestational hypertension (both p<0.0001).

Conclusions: Established CVD risk factors arising after pregnancy explained most (84%) of the
increased risk of CVD conferred by gestational hypertension and 57% of the risk among women
with preeclampsia. Screening for chronic hypertension, hypercholesterolemia, type 2 diabetes, and
overweight/obesity after pregnancy may be especially helpful in CVD prevention among women
with a history of HDP.

Condensed Abstract:

In this prospective cohort study of 60,379 women followed for a median of 34 years after

first birth, hypertensive disorders of pregnancy (HDP), including gestational hypertension and
preeclampsia, were associated with cardiovascular disease (CVD) events. This relationship
persisted with adjustment for shared risk factors, including pre-pregnancy body mass index,
smoking, and family history, and was largely accounted for by the subsequent development of
established CVD risk factors. Screening for chronic hypertension, hypercholesterolemia, type 2
diabetes, and overweight/obesity after pregnancy may be especially helpful in CVD prevention
among women with a history of HDP.

Short tweet (paper summary):

Established risk factors (chronic HTN, elev chol, T2DM, BMI) accounted for the majority of the
63% higher rate of CVD after a hypertensive pregnancy.

Keywords
Preeclampsia; Pregnancy; Cardiovascular Disease; Cardiovascular Disease Risk Factors

INTRODUCTION

New-onset hypertensive disorders of preghancy (HDP; gestational hypertension and
preeclampsia) occur in approximately 15% of parous women and are consistently associated
with a two-fold increased risk of cardiovascular disease (CVD) and premature CVVD-related
mortality, compared to women with a history of normotensive pregnancy (1,2). However,
few studies of incident CVD after hypertensive pregnancies have adjusted for shared pre-
pregnancy risk factors, such as body mass index (BMI) (3-5), or had a mean/median
follow-up of more than 30 years (4,6-9).

Women with a history of HDP have elevated risks of chronic hypertension,
hypercholesterolemia, and type 2 diabetes mellitus (T2DM), and the American Heart
Association (AHA) and American College of Cardiology endorse preeclampsia as a
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risk-enhancing factor for hypercholesterolemia (10,11). However, the extent to which

the relationship between HDP and CVD events is mediated by these established CVD

risk factors remains less clear. Previous studies have examined the role of individual
mediators but no study has examined the joint contribution of chronic hypertension,
hypercholesterolemia, T2DM, and BMI in mediating the relationship between HDP and
CVD (5,12,13). The AHA has recognized gestational hypertension and preeclampsia as
risk factors for CVD and encouraged clinicians to evaluate cardiovascular risk by screening
women for these adverse pregnancy outcomes since 2011 (14). Longitudinal investigation
of CVD incidence after a hypertensive pregnancy that examines the role of intermediate
CVD risk factors is essential to inform screening practices and clinical recommendations for
women with a history of HDP.

With up to over 50 years of follow-up after first birth and longitudinal collection

of health-related behaviors, reproductive history, and incident CVD risk factors and

events, we examined the association between HDP and CVD, controlling for pre-
pregnancy confounders, and examined mediation by subsequent CVD risk factors—chronic
hypertension, hypercholesterolemia, T2DM, and changes in BMI—in the Nurses’ Health
Study I (NHSII).

METHODS

Cohort Description

The NHSII is an ongoing cohort of 116,429 female U.S. registered nurses aged 25—

42 at enrollment in 1989. Participants are followed prospectively through biennial
questionnaires, which ascertain information on health-related behaviors, medication use,
and incident disease. The average active follow-up rate for each questionnaire is over 90%.
This study protocol was approved by the Institutional Review Boards of Brigham and
Women’s Hospital and the Harvard T.H. Chan School of Public Health (protocol number:
1999P003389).

Hypertensive Disorders of Pregnancy

The 2009 biennial questionnaire captured complete pregnancy history, including adverse
pregnancy outcomes and gestation length. Participants self-reported HDP as “pregnancy-
related high blood pressure” (gestational hypertension) or “pre-eclampsia/toxemia.”
Since this questionnaire did not ascertain chronic hypertension during pregnancy, the
analysis focused on new-onset hypertension in pregnhancy (gestational hypertension and
preeclampsia). A validation study among 462 NHSII participants who self-reported
preeclampsia on biennial questionnaires from 1991 to 2001 demonstrated that 89% had
medical record evidence of preeclampsia (10). The primary analysis focused on HDP in
first pregnancy (normotension [ref], gestational hypertension, preeclampsia) since HDP
predominantly occurs during first pregnancies (15) and to avoid potential bias induced by
selective fertility (wherein the decision to pursue subsequent pregnancies is dependent on
previous pregnancy outcomes) (16). A secondary analysis examined HDP exposure across
all lifetime pregnancies, including ever and recurrent HDP (see Supplemental Text for
details).
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Cardiovascular Disease Events

Covariates

Participants reported history of physician-diagnosed “myocardial infarction (MI) or
angina” or “stroke (cerebrovascular accident) or transient ischemic attack” on the 1989
baseline questionnaire. Subsequent biennial questionnaires captured incident CVD events.
Participants or next of kin approved medical record access for validation of incident events.
MI events were confirmed using the World Health Organization criteria of symptoms plus
either diagnostic electrocardiographic results or elevated cardiac-specific enzymes (17,18).
Fatal coronary artery disease (CAD) events were confirmed using hospital records, autopsy,
or death certificates among individuals with evidence of prior CAD. Stroke was confirmed
using National Survey of Stroke criteria, requiring neurological deficit with rapid or sudden
onset that persisted for more than 24 hours or until death (19). Strokes discovered through
radiologic imaging alone and cerebrovascular pathology resulting from infection, trauma,
or malignancy (“silent” strokes) were not included. CVD events, including CAD (Ml

or fatal CAD) and stroke, that satisfied these criteria upon medical record review were
considered definite. CVD events for which medical records could not be obtained or for
which permission was not granted but were confirmed by the participant or a relative were
considered probable. Definite and probable CVD cases comprised the outcome of interest.

In 1989, participants reported race/ethnicity, current height and weight, weight at age

18, physical activity, parental history of MI before age 60, medical history (including
chronic hypertension and diabetes not during pregnancy), and history of smoking, alcohol
consumption, and oral contraceptive use. Biennial questionnaires after 1989 updated health-
related behaviors and additionally ascertained diet, an expanded personal medical history
(including hypercholesterolemia), and the nurse’s parents’ education level, history of stroke
before age 60, and ages at and causes of death.

BMI (kg/m?2) was calculated from height and weight at age 18 and at each biennial
questionnaire. For ages at which weight was not reported, BMI was derived based on
reported weights and incorporating somatograms at ages 20, 30, and 40 (10). Diet was
summarized in quintiles using the 2010 Alternative Healthy Eating Index dietary quality
score, derived from food frequency questionnaires (20). Self-reported weight at age 18,
current height, diet, and physical activity have been shown to be reliable in previous
validation studies (see Supplemental Methods). Pre-pregnancy information was drawn
from the biennial questionnaire immediately before the first pregnancy. Since most first
pregnancies (83%) occurred before NHSII enrollment, information about health-related
behavior in high school and within varying age ranges from 13 through 42 years reported at
baseline was used to assign pre-pregnancy values for women with first births before 1989.

Hypercholesterolemia was defined as self-report of hypercholesterolemia or cholesterol-
lowering medication use (collected since 1999). Incident diabetes was confirmed through
a supplemental questionnaire, which collected information on symptoms, diagnostic tests,
and treatment. Diabetes cases were classified into categories established by the National
Diabetes Data Group and American Diabetes Association, as described elsewhere (21-23).
Participants reported the year of diagnosis for incident physician-diagnosed conditions
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within three categories. For chronic hypertension and hypercholesterolemia, the midpoint

of each date range was used as the year of diagnosis. For T2DM, year of diagnosis came
from the supplemental questionnaire. Medical record validation has previously demonstrated
the accuracy of nurse participants’ self-report of chronic hypertension (sensitivity: 94%),
hypercholesterolemia (confirmation: 86%), and T2DM (confirmation: =98%) (24-26).

Analyses were restricted to women who completed the 2009 biennial questionnaire, which
permitted dating of first birth and assignment of HDP exposure (n=76,840). After applying
additional exclusion criteria (Figure 1), 60,379 parous women free of CVD before first
pregnancy were retained in the primary analysis. For the mediation analysis, we further
restricted to 57,974 women at risk for the potential mediators of interest. The analysis of
lifetime HDP started follow-up at age 40 (by which point 95% of women had experienced
their final pregnancy) and was restricted to 57,137 parous women with their final pregnancy
before age 40 and who remained free of CVD at age 40.

Statistical Analysis

Characteristics of the analytic population at first pregnancy and at 1989 NHSII enroliment
were standardized to the age distribution of the population and summarized by HDP status
in first pregnancy (Table 1). Cox proportional hazards models estimated hazard ratios (HR)
and 95% confidence intervals (ClI) for the association between HDP and CVD. Women
contributed person-time to the analysis from first birth until confirmed CVD, death, last
returned questionnaire, or 2017 (Figure 2).

We compared the distributions of age at and time to CVD development between HDP
groups using log-rank tests. Multivariable models were adjusted for variables identified a
priorias pre-pregnancy confounding variables: age at first birth, age at NHSII enrollment,
race/ethnicity, parental education, strenuous physical activity at ages 18-22, parental history
of CVD before age 60, and pre-pregnancy BMI, alcohol consumption, diet, smoking, oral
contraceptive use, and hypercholesterolemia. (As only 11 women developed T2DM prior

to first pregnancy, this was not included in multivariable adjustment.) Models for lifetime
HDP additionally adjusted for final parity. Missing covariate data were addressed by missing
indicators. To evaluate non-linear departures from proportional hazards, we used restricted
cubic splines to conduct a non-parametric test of whether the HDP-CVD association was
modified by time since first birth (27,28). As no non-linearity was revealed, we tested for
linear departures through a likelihood ratio test, comparing nested models with and without
multiplicative interaction terms between 1) gestational hypertension and time since first
birth and 2) preeclampsia and time since first birth; no linear departures from proportional
hazards were found (p=0.12). Multivariable-adjusted cumulative incidence curves for CVD
were obtained at the mean and mode values of the continuous and categorical covariates,
respectively, using the Breslow estimator.

To evaluate chronic hypertension, hypercholesterolemia, T2DM, and changes in BMI
occurring after first pregnancy as potential mediators, we used the difference method,
fitting models with and without these established CVD risk factors (29). Chronic
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hypertension, hypercholesterolemia, and T2DM were treated as time-dependent binary
mediators and, once a woman developed a mediator, she was considered to have the
mediator through end of follow-up. BMI was treated as a time-varying continuous mediator,
updated over follow-up according to self-reported changes in weight. Mediation analysis
requires the following assumptions: 1) no unmeasured exposure-outcome confounding,

2) no unmeasured mediator-outcome confounding, 3) no unmeasured exposure-mediator
confounding, and 4) no mediator-outcome confounder affected by the exposure (30).

To control for confounding of these relationships, we additionally adjusted for updated
behaviors over follow-up in mediation models. We tested for the presence of interactions
between each mediator and HDP using likelihood ratio tests of nested models with and
without the interactions; no exposure-mediator interactions were found (all p-values>0.05).
We used the SAS %mediate macro to calculate the proportion of the HDP-CVD jointly
mediated by chronic hypertension, T2DM, hypercholesterolemia, and BMI (31,32). Several
sensitivity analyses were conducted to examine the robustness of our findings (Supplemental
Text). All analyses were conducted using SAS 9.4 (SAS Institute, Inc., Cary, NC).

RESULTS

Approximately 10% of women experienced HDP in their first pregnancy. First births
occurred between 1964 and 2008 at an average age of 27.0 + 4.7 years. Women with HDP

in first pregnancy were similar to those with normotensive first pregnancies in demographics
and health-related behaviors (Table 1). However, women with HDP were more than three
times as likely to have a pre-pregnancy BMI =30 kg/m?2 and were more likely to have a
parent with a premature CVVD event.

By the end of follow-up, when participants were a median age of 61 years (interquartile
range [IQR]: 57, 64; range: 33-71) with a median follow-up of 34 years since first birth
(IQR: 29, 40; range: 2-54), 1,074 (1.8%) women had experienced a first CVD event—560
CAD events (554 Mls and 6 fatal CAD) and 515 strokes (n=1 woman had both an Ml and
stroke). In fully adjusted models, women with HDP in first pregnancy had a 63% increased
rate of CVD, compared to women with a normotensive first pregnancy (CI: 1.4-1.9; Table
2, Model 2). Adjustment for pre-pregnancy BMI, smoking, and parental history of CVD
accounted for most of the modest attenuation between age, race/ethnicity, and parental
education-adjusted and fully adjusted estimates. When we separately examined gestational
hypertension and preeclampsia with CAD and stroke endpoints, there were significant
associations between preeclampsia and CAD (HR=2.2, CI: 1.7, 2.8) and gestational
hypertension and stroke (HR: 1.6, Cl: 1.0-2.4) (Central Illustration). Further adjustment
for updated smoking, diet, alcohol intake, physical activity, and oral contraceptive use after
pregnancy, resulted in slight attenuation but did not alter conclusions (data not shown).
Women with HDP in first pregnancy exhibited elevated rates of CVD, relative to women
with normotensive first pregnancies, regardless of gestation length (Table 3).

Women with HDP in first pregnancy also developed CVD slightly younger and sooner after
their first birth than women with normotensive first pregnancies (Table 2). The increased rate
of CVD among women with HDP in first pregnancy became statistically significant between
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40-49 years of age, ranging between a 41-81% increased rate through age 69 (Supplemental
Table 1).

Women with HDP exhibited a higher cumulative incidence of CVD that emerged
approximately 10 years after first birth for women with preeclampsia and 30 years after
first birth for women with gestational hypertension (Figure 3).

Twelve percent of women experienced at least one lifetime pregnancy characterized by HDP
and 2.2% (n=1,265) experienced recurrent HDP (Table 4). Ever experiencing HDP was
associated with a 63% higher rate of CVD (CI: 1.4-1.9) compared with women without
HDP (Table 4, Model 3). Women with one pregnancy complicated by HDP had a 48%
higher rate of CVD (CI: 1.2-1.8) while women with two or more HDP pregnancies had a
2.3-fold higher rate (Cl: 1.7-3.1) compared to women with all normotensive pregnancies.
Women with a history of one or more HDP pregnancies exhibited higher rates of CVD
regardless of which pregnancies were complicated by HDP, although the highest relative risk
was observed among women with recurrent HDP that impacted their first and then a second
or later pregnancy (HR=2.5; Cl: 1.8-3.3).

Comparing models for HDP and CVD with and without CVD risk factors developing

after pregnancy, 63.8% (Cl: 38.6-83.2; p<0.0001) of the association between HDP in

first pregnancy and CVD was jointly mediated by the subsequent development of chronic
hypertension, hypercholesterolemia, T2DM, and changes in BMI (Table 5). The proportion
mediated (PM) by these factors was higher for gestational hypertension (PM=83.8%) than
preeclampsia (PM=57.3%). All CVD risk factors contributed to mediation; however, chronic
hypertension accounted for the largest individual proportion followed by changes in BMI,
hypercholesterolemia, and T2DM. Chronic hypertension individually mediated 81% and
48% of the associations between gestational hypertension and preeclampsia with CVD,
respectively. Among women with CVD events, 95% of those with gestational hypertension
(n=39 of 41) and 89% of those with preeclampsia (n=101 of 113) developed chronic
hypertension between first pregnancy and their CVD event.

Sensitivity Analyses

Sensitivity analyses to address the potential for outcome misclassification, immortal person-
time bias, survival bias, and unmeasured confounding, and to examine an alternative method
for handling missing data (multiple imputation by chained equations) did not materially alter
results (Supplemental Text; Supplemental Tables 2 and 3).

DISCUSSION

Women with HDP in first pregnancy had a 63% higher rate of future CVD events

compared to women with normotension, even after accounting for important shared risk
factors, including pre-pregnancy BMI, smoking, and parental history of CVD. This elevated
rate was largely explained by subsequent development of established CVD risk factors—
chronic hypertension, hypercholesterolemia, T2DM, and changes in BMI—in the years
after a hypertensive first pregnancy. The HDP-CVD relationship appeared to be driven
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by associations between preeclampsia and CAD and between gestational hypertension and
stroke.

This study deepens our understanding of the relationship between HDP and long-term
maternal CVD and highlights targets for potential risk reduction. Previous studies, largely
unadjusted for pre-pregnancy cardiometabolic confounding factors, suggested an increased
CVD risk of 1.7-2.7-fold in women with a history of HDP, depending on the specific
exposure and outcome of interest, length of follow-up, and degree of adjustment (1). The
longitudinal nature of the NHSII permitted thorough adjustment for pre-pregnancy risk
factors, yet inclusion of pre-pregnancy demographic and behavioral variables only slightly
attenuated hazard ratios for the relationship between HDP and CVD. We found that 64%

of the increased CVD risk associated with HDP was explained by subsequent development
of chronic hypertension, hypercholesterolemia, T2DM, and changes in BMI. The fact that
chronic hypertension accounted for much of this association is consistent with previous
mediation analyses (5,12,13). For example, an analysis among 220,024 women with a mean
age of 57 years at baseline and followed for a median of 7 years in the UK Biobank found
that chronic hypertension accounted for 64% of the increased risk of CAD among women
with a history of HDP (13). The large degree of mediation observed in the HDP-CVD
relationship may also partially explain why including HDP in an established CVD risk score
does not appear to improve CVD prediction in women 40 years of age and older (33).

NHSII participants were followed for a median of 34 years after first birth and provided
a complete reproductive history, which allowed examination of CVD risk associated with
HDP exposure in any pregnancy. While history of HDP in any pregnancy increased a
woman’s risk of CVD relative to women without HDP, recurrent HDP in two or more
pregnancies was associated with a more than doubling of CVD risk—findings consistent
with those from the Swedish Medical Birth Register (34).

Much of the previous literature has focused on preeclampsia or examined the hypertensive
disorders jointly; with over 60,000 parous women, we were able to examine gestational
hypertension and preeclampsia separately, yielding informative differential relationships.
Women with a history of preeclampsia in first birth had an increased rate of CAD but not
stroke whereas the opposite was true for women with a history of gestational hypertension,
which conferred an increased rate of stroke but not CAD. This finding is consistent with a
growing understanding that the HDP subtypes may represent different disease phenotypes
rather than a spectrum of severity. The suggestion that gestational hypertension might be
more strongly linked to stroke than preeclampsia in our data is consistent with findings from
the Northern Finland Birth Cohort 1966 (4). Further, our mediation findings demonstrated
that chronic hypertension accounted for a greater proportion of the association between
gestational hypertension and CVD than that between preeclampsia and CVD, and we
previously found women with gestational hypertension to have a higher risk of developing
chronic hypertension than women with preeclampsia (10). Given these findings and the
primacy of hypertension as a risk factor for stroke (35), it is not surprising to see the
association between gestational hypertension and stroke in the current analysis.
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While gestational hypertension appears to be a pure hypertensive phenotype, the
pathophysiology underlying preeclampsia is more heterogeneous, stemming from abnormal
placentation that results in endothelial dysfunction, systemic vascular impairment,
vasoconstriction, and end-organ ischemia during pregnancy (36). In the years and decades
following delivery, women with a history of preeclampsia exhibit vascular endothelial
dysfunction, changes to cardiac structure and function, and increased premature vascular
aging and subclinical atherosclerosis (36—41). Endothelial dysfunction may serve as a shared
risk factor for both preeclampsia and CAD via inadequate vascularization of the uterus
during pregnancy and of the myocardium later in life (40).

The primary study limitation is the potential for exposure misclassification, given nurse
participants self-reported HDP. However, a NHSII validation study confirmed medical
record evidence of preeclampsia for the majority of women who reported it. While

HDP additionally include chronic hypertension and superimposed preeclampsia (42), this
analysis focused on new-onset hypertension during pregnancy (gestational hypertension
and preeclampsia), which is consistent with existing HDP-CVD literature (1). While we
cannot rule out the potential for residual or unmeasured confounding (such as by social
determinants of health), this study provides the most complete pre-pregnancy covariate
adjustment currently available. Further, based on the calculated E-values, an unmeasured
confounder would need to be associated with both HDP and CVVD by a magnitude of
2.0-3.9-fold above and beyond the measured variables included in the model to explain
away the observed associations. The only measured confounder within that range was
pre-pregnancy obesity (HR=2.4, Model 2 for HDP-CVD), so it is unlikely that the observed
associations were caused by an unmeasured confounder. Finally, NHSII participants are
predominantly White nurses, and our findings should be generalized to other populations
with some caution. In particular, non-Hispanic Black women have higher risks of HDP and
CVD, relative to non-Hispanic White women, and rates of preeclampsia are increasing more
rapidly among Black women than White women (43), yet it remains to be seen whether the
magnitude of the HDP-CVD association differs among these and other women of color.

Women who develop HDP typically exhibit a subtle adverse cardiovascular risk profile
before pregnancy, as demonstrated in this and previous studies (44). While this suggests
the CVD risk trajectory precedes pregnancy, the experience of HDP itself may also induce
vascular, endothelial, or organ damage that directly increases a woman’s risk of CVD
(45,46). However, regardless of whether the HDP-CVD relationship is causal, HDP has the
potential to be a powerful clinical risk marker. The “stress test” of pregnancy may help alert
women and their providers to their underlying cardiovascular risk, creating an opportunity
for primordial prevention of CVD risk factors (43,47,48). To leverage this window of
opportunity, however, bridges need to be established between obstetric and primary care
for risk communication, behavioral intervention, and follow-up; primary care providers and
cardiologists should also be sure to obtain reproductive histories from their patients.

To our knowledge, this study presents the most complete control of pre-pregnancy
confounding in the relationship between HDP and long-term CVD and is the first to
estimate the proportion of this association jointly mediated by chronic hypertension,
hypercholesterolemia, T2DM, and changes in BMI. Even after adjustment for pre-pregnancy
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confounders, HDP in first pregnancy remained associated with a 63% higher rate of

CVD later in life. Over 80% of the increased risk of CVD among women with gestation
hypertension was accounted for by the development of chronic hypertension after pregnancy.
Although the majority of the preeclampsia-CVD association was jointly explained by
established CVD risk factors, approximately 40% of the association remained unexplained;
this suggests that preeclampsia may increase the risk of CVD through non-traditional and/or
underrecognized risk factors. Our findings suggest that screening for and treatment of
chronic hypertension, hypercholesterolemia, T2DM, and overweight/obesity following a
preghancy may delay, or even prevent, cardiovascular disease among women with a history
of HDP.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Perspectives:
Competency in Medical Knowledge:

Hypertensive disorders of pregnancy, including gestational hypertension and pre-
eclampsia, are associated with an increased risk of cardiovascular events that is
incompletely explained by shared risk factors, including obesity, smoking, and family
history.

Translational Outlook:

Research is needed to establish strategies to reduce long-term cardiovascular risk
following hypertensive pregnancy.
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Nurses’ Health Study Il (NHSII) Participants
N=116,429

Exclusion Criteria
= Did not complete the 2009 biennial questionnaire (n=39,589)
= Opted out of study during follow-up (n=5)
= Nulliparous (n=13,251)
= Missing year of first birth (n=12)
= Age at first birth <18 y or >45 y (n=846)
= Missing gestation length (n=292)
= Reported a myocardial infarction (n=245) or stroke (n=151) on
H the baseline questionnaire (these events were not confirmed)
= CVD event (n=3) or chronic hypertension or anti-hypertensive
: medication use (n=1,526) before first birth
i = Chronic hypertension within one year after first birth (n=115)*
= Missing date of chronic hypertension diagnosis (n=15)

n=60,379
parous women free of CVD before first
pregnancy with available information
on first pregnancy exposure

First pregnancy
exposure

o
®
>
&
c
<
2
&
E
=
o

Exclusion Criteria

= Hypercholesterolemia (n=1,654) or type 2 diabetes mellitus Exclusion Criteria
¢ (n=11) before first pregnancy : : = Experienced a CVD event before age 40 (n=31)
Missing date of hypercholesterolemia diagnosis (n=239) : = Reported a pregnancy after 39 years of age (n=3,211)
:,* Missing body mass index before or after pregnancy (n=501) : et l """""""""""""""""""""""""
........................................... W

n=57,974

parous women free of CVD before first

n=57,137
parous women free of CVD at age 40 with

ainsodxe
KoueuBeid swpay
sisAjeuy Aiepuodag

pregnancy with available information on first
pregnancy exposure and at risk for the HDP-
CVD mediators of interest

available information on lifetime pregnancy
exposure and without pregnancies at >39 years

Mediation Analysis
First pregnancy exposure

Figure 1: Flow diagram for the primary, mediation, and secondary analyses.
* \Women reporting chronic hypertension within one year after first birth (n=115) were

excluded to prevent misclassification of exposure (undetected chronic hypertension before
pregnhancy may be incorrectly captured as incident chronic hypertension directly following
pregnancy) and since the exact date of diagnosis was unknown, which prevented definitive
determination as to whether the chronic hypertension arose before, during, or after
pregnancy.
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Nurses’ Health Study Il (NHSII) participants were enrolled in 1989 and are prospectively followed through biennial questionnaires every 2 years:

_______ N
i i

1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 {2009: 2011 2013 2015 2017

YV Y Y VY YVY VYV VYV V VY

For the current analysis, the exposure of interest (hypertensive disorders
of pregnancy) is based on the participant’s self-reported lifetime pregnancy
history, which was provided on the 2009 biennial questionnaire.

Participants contributed person-time to the analysis from first birth through confirmed CVD event, death, last returned questionnaire, or 2017.
Therefore, the year of first birth reported on the 2009 biennial questionnaire was used to determine the start of follow-up for each participant.

A4
|
First birth End of follow-up
(e.g., 2017)
For 83% of NHSII participants included in the analysis, their first birth occurred prior to NHSII cohort enroliment in 1989. For these women,
information reported on the baseline (1989) questionnaire was used to assign pre-pregnancy covariate information (see text for details).
1982 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017
. ; End of follow-up
First birth
rstol (e.q., 2017)

For 17% of NHSII participants included in the analysis, their first birth occurred during active NHSII follow-up (after enroliment in 1989). For
these women, pre-pregnancy covariates were obtained from the biennial questionnaire immediately before the year of first birth.

1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017
VVY VYV VvV VvV VY VY VY VY VvV VYyYVvY VY

First birth End of follow-up
(e.g., 2017)

Pre-pregnancy
covariates

Figure 2: Nurses’ Health Study |1 data collection timeline and analytic follow-up.
Ascertainment of exposure and assignment of pre-pregnancy covariate information for

participants with their first birth before cohort enrollment and for those with their first
birth during active follow-up.
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o
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0.01
0.00
1 5 10
Years Since First Birth
Number at risk 10 years 20 years 30 years 40 years
Preeclampsia 3,830 3,699 2,570 682
Gestational Hypertension 1,788 1,710 1,041 263
Normotensive Pregnancy 54,723 53,188 38,210 12,131

Figure 3: Multivariable-adjusted cumulative incidence of cardiovascular disease.
Curves were obtained at the mean and mode values of the following continuous and

categorical covariates, respectively: age at first birth, age at NHSII enrollment, race/
ethnicity, parental education, physical activity at ages 18-22, parental history of CVD <60,
and pre-pregnancy smoking, body mass index, alcohol consumption, Alternative Healthy
Eating Index score, oral contraceptive use, and hypercholesterolemia.
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Central lllustration: Differential associations by hypertensive disorder of pregnancy and
cardiovascular disease subtypes.

Hazard ratios and 95% confidence intervals (CI) were obtained from fully adjusted Cox
proportional hazards models (Table 2, Model 2). The overall association between having
a hypertensive disorder in first pregnancy and long-term maternal cardiovascular disease
appeared to be driven by underlying associations between preeclampsia and coronary artery
disease and between gestational hypertension and stroke.
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Age-standardized characteristics of Nurses’ Health Study Il participants by hypertensive status at first

pregnancy

Table 1.

Page 19

Hypertensive Disorder in First Pregnancy Status

Normotensive Gestational
Pregnancy n=54,756 Hypertension n=1,789 Preeclampsia n=3,834
(90.7%) (3.0%)

Age at first birth, years, mean (SD) * 27.0 (4.6) 28.2 (4.9) 27.0 (4.8)
Age at NHSII enrollment (1989), years, mean (SD) * 35.1(4.7) 34.3(4.7) 34.5(4.6)
Nulliparous at NHSII enroliment 16 18 16
Race/ethnicity

White 94 95 94

Black 1 1 1

Hispanic/Latina 2 1 2

Asian 1 1 1

Other/Multi-racial 2 2 2
Participant mother’s years of education >12 years 32 32 32
Participant father’s years of education >12 years 38 35 38
Strenuous physical activity, at ages 18-22 years

Never 28 29 27

10-12 months/year 11 11 11
Pre-pregnancy body mass index, kg/m?2, mean (SD) 21.8(3.5) 23.3(4.4) 229(4.2)
Pre-pregnancy body mass index =30 kg/m? 2 7 6
Pre-pregnancy type 2 diabetes mellitus 4 <1 0 0
Pre-pregnancy hypercholesterolemia 3 3 4
Parental history of Ml/fatal CAD or stroke before age 60 20 24 24
Alternative Healthy Eating Index (AHEI) scorei

Lowest quintile (unhealthy) 20 23 22

Highest quintile (healthy) 19 20 18
Pre-pregnancy smoking status

Never 68 70 68

Past 10 9 10

Current 22 21 22
Pre-pregnancy alcohol intake

None 26 27 28

<1 drink/week 37 36 36

2-6 drinks/week 29 29 28

21 drink/day 8 8 8
Pre-pregnancy oral contraceptive use

Never 22 21 19

<2 years 25 26 27

2—<4 years 22 21 22
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Hypertensive Disorder in First Pregnancy Status
Normotensive Gestational
Pregnancy n=54,756 Hypertension n=1,789 Preeclampsia n=3,834
(90.7%) (3.0%) (6.4%)
>4 years 31 32 32
Preterm delivery (<37 weeks) in first birth 8 8 16
Final parity§
1 birth 16 21 22
2 births 49 48 49
3 births 26 23 23
24 births 9 8 7

Percentages unless otherwise noted. Values are means (SD) or percentages and are standardized to the age distribution of the study population.
Values of polytomous variables may not sum to 100% due to rounding.

Information for above characteristics was missing in n=6,934 for participant mother’s education, n=7,689 for participant father’s education, n=352
for pre-pregnancy smoking, n=351 for strenuous physical activity at 18-22 y, n=255 for pre-pregnancy alcohol intake, n=27,460 for AHEI diet

score, and n=974 for pre-pregnancy oral contraceptive use

*
Value is not age adjusted

Tnzll women (0.02%) developed type 2 diabetes mellitus prior to first pregnancy (all of whom had a normotensive first pregnancy)

iSeIf—reported diet based on high school diet information (for women with first birth before 1991) or within 0-3 years before first birth if first birth

was in 1991 or later

§Final parity based on self-reported lifetime pregnancy history provided on the 2009 biennial questionnaire
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Table 2.

Hypertensive Disorders in First Pregnancy and Cardiovascular Disease

Page 21

CVD (CAD or Stroke)
Cases/Person-Years

Excess cases per 100,000
person-years

Median age at event
(IQR), years*

Median time to event
(IQR), years*

Model 1

Model 2
CAD

Cases/Person-Years

Excess cases per 100,000
person-years

Median age at event
(IQR), years*

Median time to event
(IQR), years*

Model 1

Model 2
Stroke

Cases/Person-Years

Excess cases per 100,000
person-years

Median age at event
(IQR), yearsf

Median time to event
(IQR), yearsf

Model 1

Model 2

Hypertensive Disorder in First Pregnancy Status

Normotensive Gestational Hypertensive Disorders
Pregnancy n=54,756 Hypertension n=1,789 Preeclampsia n=3,834 of Pregnancy n=5,623
(90.7%) (3.0%) (6.4%) (9.3%)

920/1,885,474 41/57,900 113/128,840 154/186,740
22 39 34

56 (50, 62) 58 (52, 63) 55 (47, 60) 56 (48, 62)
35 (29, 40) 32(27,37) 34 (29, 39) 33 (28, 38)
1.00 (ref) 1.55(1.13, 2.12) 1.87 (1.54, 2.28) 1.78 (1.50, 2.11)
1.00 (ref) 1.41 (1.03, 1.93) 1.72 (1.42, 2.10) 1.63 (1.37, 1.94)
467/1,831,185 19/56,130 74/125,080 93/181,210
8 34 26

56 (51, 61) 61 (55, 65) 55 (47, 61) 57 (50, 62)
34 (28, 39) 31 (26, 36) 33 (28, 38) 32 (27, 37)
1.00 (ref) 1.42 (0.90, 2.25) 2.42 (1.90, 3.10) 2.12 (1.70, 2.65)
1.00 (ref) 1.27 (0.80, 2.02) 2.21 (1.73, 2.84) 1.93 (1.54, 2.41)
454/1,831,172 22/56,133 39/125,045 61/181,178
- 14 6 9

57 (50, 62) 56 (52, 62) 54 (48, 60) 55 (48, 61)
34 (28, 39) 31 (26, 36) 33 (28, 38) 32 (27,37)
1.00 (ref) 1.67 (1.09, 2.56) 1.29 (0.93, 1.80) 1.41(1.08, 1.84)
1.00 (ref) 1.56 (1.01, 2.40) 1.21(0.87, 1.68) ka

1.32 (1.00, 1.73)

CAD: coronary artery disease; CVD: cardiovascular disease; IQR: interquartile range. Values are HR and 95% CI unless otherwise indicated.
Excess cases (rate differences) were calculated by subtracting the incidence (cases/person-years) in the unexposed from the incidence in the

exposed.

Model 1 is adjusted for age at first birth (years), age at NHSII enrollment (years), race/ethnicity (Black, Hispanic/Latina, Asian, White [ref],
other/multi-race), and parental education (<9, 9-11, 12, 13-15, =16 years [ref]).

Model 2 is additionally adjusted for physical activity at ages 18-22 (never, 1-3 [ref], 4-6, 7-9, 10-12 mo/yr), pre-pregnancy smoking (never [ref],

past, current), pre-pregnancy BMI (<18.5, 18.5-24.9 [ref], 25-29.9, 230 kg/mz), pre-pregnancy alcohol consumption (none [ref], <1 drink/week,
2-6 drinks/week, =1 drink/day), pre-pregnancy Alternative Healthy Eating Index (AHEI) score (quintiles with the fifth quintile [ref] representing
the healthiest diet category), pre-pregnancy oral contraceptive use (never [ref], <2, 2—<4, >4 years), pre-pregnancy hypercholesterolemia (no [ref],
yes), and parental history of CAD and/or stroke before age 60 (CAD only for CAD model, stroke only for stroke model, CAD or stroke for CVD

models; no [ref], yes)
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*

P-value <0.0001 from a global test of the difference in the distribution of age at/time to CVD event between hypertensive disorder in first
pregnancy exposure groups

fP—vaIue <0.05 from a global test of the difference in the distribution of age at/time to CVD event between hypertensive disorder in first pregnancy
exposure groups

'tThe hazard ratio for the association between stroke and hypertensive disorders of pregnancy was statistically significant (p=0.0467; CI: 1.004—
1.726)

JAm Coll Cardiol. Author manuscript; available in PMC 2023 May 17.



Page 23

Stuart et al.

"YMIq 38413 Ul AJaAljap wisiaid pue uoisuauiadAy [euoieisab yiim uswom Buowe Juans gAD T AJUo UaAIB umoys Jou s)nsey
KKK

(€L T-VT'T :1D) T¥' T=4H paisnipe AJn} :S|apow awes ay) UIylIM PauleIqo alam Ing aA0ge UMOYS 10U ale (94Z°/ ‘2GE y=u) W.alald SAISUSIOWIOU YIIM UBWOM 1o} S} nsay "dnoib aoualajal

aU) Se PaAJss W) AISUSIOWIOU (Sa1106a1eD 8Insodxa 9 “a°1) SalIaAI|ap Wslald pue wis) Ag 1o |ds satoueuliaid 15114 SAISUBIOWLIOU pue ‘aAIsuadadAy [euonelssh ‘ondweldsaid yum [apow Jayioue pue
(sar0fa1e ainsodxa ¥ “9'1) Asanijap wuaiaid pue wias) Ag 1no 1jds sa1oueubaid 1s11y aAIsuslowou pue AdueuBaid Ul S19pJOSIP BAISUSLIBAAY YIIM [9POW SUO—S[BPOW JUBJBHIP 9 WOJ) UMEIP 8Je SHNSaJ 8Say |

*(soA ‘[481] ou ‘sjapow AD 10J 30415 10 WD ‘|9pOW 35041S 10} AJU0 8X0.1S ‘|apow QD 104 Ajuo gwD) 09 abe 810)aq 8x0.31s Jo/pue avd
10 A103S1Y [erualed pue ‘(sak ‘[Ja.] ou) eiwsjoisisajoyaladAy Aoueubaid-aid ‘(sresh y2 ‘p>—g ‘2> ‘[Ja1] 18nau) asn annndsoesjuod eso Aoueubaid-aid ‘(A106a1ed 181p 1sa1yieay sy Bunussaidal [3a1] sjnuinb
U4 3Up yum sajiuinb) 8109s (13HY) Xepul Buieg AyyesH aaneulsl)y Aosueubaid-aid ‘(Aep/syulip TZ ‘Y@ampjuiip 9-z “Yeampuup TS ‘[1a4] auou) uondwinsuod joyodje Aoueubaid-aid .ANE\@_ 0€< ‘6'62-G¢

‘[301] 6¥2-58T ‘G'8T>) ING Aoueubaid-aid ‘(qualind ‘ysed ‘[3a1] Jansu) Bupjows Aoueubaid-aid ‘(JAjow ZT-0T ‘6-L ‘9— ‘[J84] €-T ‘Uenau) gz—8T sabe Je AlAnoe [eaisAyd Joy paisnipe Ajfeuonippe si g [9poN

‘([184] sreak 91=
‘GT-€T ‘2T ‘TT-6 ‘6>) Uoleanpa [ejuased pue ‘(s2eJ-nnNw/18y3o ‘[481] sHUM ‘UBISY ‘BulleT]/oluedsiH Xae|g) Anotuyls/adel ‘(s1eak) Juswijolus [ISHN e abe ‘(s1eak) yuig 1si1y e abe 1oy paisnipe si T |apon

‘(ainsodxa daH Aseuiq ayp 10y) 28°0=d pue (sinsodxa dgH Al1oba1ea-aalyy

ay1 J04) T£'0=d :A1an1jap wualald pue dgH UsamIag SWUa} UOIIRIIUT AIIedIdIINW INOYHM pue yiim sjapow Burredwiod ‘sisal orjel pooyi|axi] ybnodys (z |apoIAl) 1apow paisnipe Ajjny ayy ui Asaljep wusieid
Ag UOITEIIPOW 193443 10} SIS8] “pasodxa ay} Ul 3dUapIoul ay} Woly pasodxaun ayy ul (S1eak-uosiad/sases) aouapioul ay) Bunoengns Ag pare|najed aiam (Saoualayip alel) Sased Ssadxg ‘g pue T S|9poN

10} papinodd aJe S[eAIaIUl 9UBPIIUOI %G6E Bulpuodsallod pue solel prezeH ‘sieak-uosiad Ad ‘AoueuBaid Jo siapiosip aAIsuUsHadAY :daH ‘aseasip Jejnasenolpsed :aAD ‘aseasip Alsue Areuosod :qvd

(srzotn vt (STe'leT)voe o (10 '6€T) L9T (STZ'orT) vL'T (TTZ'TTT)ES'T (f31) 00'T 2 19poN

(96'2'6TT) 88T  (€S€'6ET) TCT o (61229 T) €8T (#€'2'eST) 68T (e€2'ezT) 69T (1) 00T T I3PON
sreak-uosiad
000'00T Jad

€e 514 P 9¢ (04 8¢ S9SBI SS80X]
sIeak

€8/'€2/6T 962'6T/8T 18Y'VIT 1S6'79T/SET 775'60T/56 £TY'ES/0p 69T'2€2'T/028 -U0S19d/$8seD
(018
10 Av2) AAD

(9%€'T) 9. daH (9%0T) (%2°0) (971'8) 658'v dAH (%€°9) (9%272) (965°€8)
879 eisdwedsald 9T uoisualtadAH 9T12Z'c eIsdwe|daald €79°T uoisualiadAH 01'0g Aoueubaid
leuoneIss |euonelss SAISUSIOWION
(s39am ££>) wusield (399m ££) wus)

snye1s Adaaljaq 1e yibus [euoireisss) 7 Aoueubald Ul 19paosiq aAlsusiiadAH

y1bua uoneisas) Aq aseasiq Jejnaseaoipie) pue Aoueubald 1si14 Ul siaplosiq aAlsualiadAH

‘€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2023 May 17.

JAm Coll Cardiol. Author manuscript



Page 24

Stuart et al.

'saloueuBald daH 0 4oy . Se1oueubald daH 40 JaquinN,, J8puUn UMOYS 350y} 0}
|enba ate dnoif siyy 104 [eAslul 8oUBPIUOD Bulpuodsallod pue olel plezey ay) pue ‘JuNnod ased ‘azis ajdwes ‘(saroueubaid aalsusiowou e “a'1) daH Ou SI aInsodxa daH JaA8 ay} 4oy dnoub aouaiayal ay L
¥

“(sumig + ‘¢ ‘[391] 2-T) Awred reuy oy pajsnipe Ajjeuomppe si € [9poIN

*(saA ‘[181] ou ‘sjapow QAD 40} 83041 10 QWD ‘[9pOW aX041s 1o} AJuo 8x0.1s ‘|apow gD 104 Ajuo QD) 09 abe a1048q 8X041S 1o/pue AvD
10 A10is1y [eyuared pue ‘(saA ‘[Ja1] ou) eiwajoiaisajoyasadAy Aoueubaid-aid ‘(sreak v ‘p>—g ‘z> ‘[3a1] 1anau) asn anndasejuod eo Aoueubaid-aid ‘(AioBa1ed 181p Isa1yieay ayy Bunuasaidal [3a1] sjnuinb
UL ay1 yum sajiuinb) 8109s (13HY) xepul Bune AyiesH aaneulal)y Aoueubaid-aid ‘(Aeppjuiip T “@am/syulip 9-g “Yeampuup TS ‘[1a4] sauou) uondwinsuod joyodje Aoueubaid-aid ,ANE\Q_ 0€< '6'62-G¢

‘[381] 6'¥2-G'8T ‘S'8T>) IING Adueubaid-aid ‘(Juaiina ‘Ised ‘[Ja.] 1anau) Buyows Aoueubaid-aid ‘(JA/ow ZT-0T ‘6—/ ‘9~ ‘[484] £-T ‘18nsu) gz—8T sabe e AAnde [ealsAyd oy paisnipe Ajjeuonippe si g |spoN

‘([184] steak 91=
‘GT—€T ‘2T ‘TT—6 ‘6>) UoIeINpa [ejuased pue ‘(sdel-1nw/iaylo ‘[Ja1] suymn ‘ueisy ‘euneoiuedsiH Yoe|g) Anoluyia/ades ‘(sieak) Juawijolua [[SHN e abe ‘(sieak) yuig 1sii4 Je abe Joy paisnipe si T [apoN

‘uo O abe WoJj s|apow ay) 01 swi-uosiad paINqLIU0d G abe Jale syuig ou Yim pue O abe 1e Julodpus sy Woy 8.y UsWOoA “Aoueubald Jaje| auo 1ses| Je Ul 8oualIndal yum Aoueubaid 1siig ut 4aH (9
pue ‘satoueubaid [euonippe ou ‘Koueubaid 151y ul dJaH (g ‘satoueubaid Juanbasgns [Je ur uoisualowlou ‘Aoueubald 1si1y ul daH (v ‘Aoueubaid Jare| auo 1ses) 1e ul (uoisusladAy feuoielsab 1o eisdure|daad)
daH ‘Aoueubaid 1s1iy Ui uoisuaowlloN (g ‘saroueufaid feuonippe ou ‘Aoueubiald 1si1y Ui uoisusiowlop (z ‘saroueuBaid je ur uoisusjowlop (T :sa1oueubaid Jsye| 10 puodss ul snyels daH pue Aosueubaid
1S41J UI SnJels 4aH uo paseq siuedionued paiyisse|d ajqerien ainsodxs A1o06a1ed-xis ay | “satoueubaid daH +¢ (€ ‘“Aoueubaid daH T (g ‘sa1oueubaid daH 0 (T :sa1oueubaid awnayl| |je ssoioe saioueubaid
ddH 8y JO wns e woJly paALap sem saloueubald dgH 40 1aquinu oy ajqelseA ainsodxa A106a1e0-931y 8yl (TTz'€=u) 6€ abe Jaye saroueubaid Aue yum asoy pue (Te=u) o abe alojagq QAD padojansp
oYM uswom Buipn|oxa Jaye ‘uswom snoed /ET‘/G 01 PaldLIISal Sem pue Of abe 1e dn-mo||o4 paliels daH awnayl| Jo SisAeue sty “Aoueubaid ul Japlosip anisusladAy :d@H [eAlslul 8dUSPYUOI 1D

Author Manuscript

(tee'18T) Sz (cee'18T)Sre  (vL€'902)8LC  TvE'€T/9Y (02) 9orT'T daH Auy daH
(srz'ozT)TLT (1652'czT)9LT (S8Z'TFT) 10T LS6've/ee (T2)8LT'T ss1oueuBaid Jayuny oN daH
(921'501) 9T (L2T'SOT)9eT  (68°T'CTT)9V'T  OFTI'TY/E9 (29)6L6'C 3AISUBIOWION |V daH
(zez'0z1) 29T (622'6TT)S9T (052 '0ET) 08T LP1'82/8€ (e2) 9ee'T daH Auy BAISURJOWION
(6£1'960)STT (2vT1'66°0)6TT (6¥T vOT)SZT  LOT'8LT/VST (zy1) TOT'S ss1oueuBaid Jayuny oN BAISUBIOWION
(3d) 00°T (3d) 00°T (3d) 00°T 920'906/0.9 (zv1) 168y ANISUSIOWLON |1V SAISUBJOWION
SalourUbald 18187 10 pu0IdS  Aoueubald 1Si-
(zoe'orT) 82 (PO'€'89T)92¢ (6€€'68°T)€5C  T19.'Ge/8Y (z2)s9z'T +Z
B821'¢cT)8YT (6L T'ecT)8YT (V6T vET)T9T  GZ8'TTT/ZET (7'6) vL£'S T
(39d) 00T (39d) 00'T (39d) 00T €ET'780'T/¥Z8 ('88) 86%'0G 0
Saloueubald 4agH 4o 1quinN
(z26T'6€T)€9T (26T'8€T) €T (0T'Z'2ST)8LT  985°/ET/08T (9'TT) 6£9'9 L daH Jen3
€ 1I3poN 2 19poN T 19pON
SIeaA-U0S19d/SaseD (%) N 0 9by 18 AuoisiH Aoueubaid
(1D %G6) one. paezeH

aseasi Jejnasenoipied pue Aoueubaid Jo siaplosiq aAlsualiadAH 1ualinday pue Jan3

‘v alqeL

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2023 May 17.

JAm Coll Cardiol. Author manuscript



Page 25

Stuart et al.

“JaYIoUR 10a)e ABW 10308} HSH U0 J0 30uasaid By} pue a8 QAD PUB ddH ay} Usamiaq
10108} sl @AD a1dinw dojansp Aew [enpiapul ue se ‘sAemyied paleys 01 anp 9,00T Pasoxe Aew pue onsiels pajelpaw uoiodoad jurol sy 01 wins Jou Aew sonsiels pajelpaw uoniodold [enpiAipul ;810N

"(umoys 10U eyep) palelpaw uorodoid ayy 8seaIoul J0U pIp S|8powW asay} Ul Buipsayiseaiq Jo UOISN[oUl [eUCIIPPY "SONSHEIS palelpaw uoriodoid |fe Joy
T000°0> d ‘Aourubaid 15114 Jaye Xxapul ssew Apog ul sabueyd pue ‘snyijjaw saiagelp g adA) “elwajolaisajoyasadAy ‘uoisuspadAy d1uoiyd Jo Juswdolansp ayy Aq pareipaw Ajputol uoneidosse ay Jo co_toao_n_qN

Xapul ssew Apog pue ‘snijjaw saiagelp Z adAl “e1ws|o.aisa|oyaladAy ‘uoisusiiadAy 91u0Iyd Buipnjoul [apow B WOy PauleIqo 199449 10311Q
x

(saA ‘[Ja1] ou ‘sjapow QAD 104 34041S J0 QWD ‘[9poW 830415 10} AJUO 8X/041S ‘|apow QD 40} Ajuo wD) 09 abe a10)aq ax0.1s Jo/pue (QvD) aseasip Aiane Areuolod jo A1oisiy [euased pue ‘(sak ‘[1a.] ou)
rIWBIJ0431S9|0YdIadAY ‘(s1eah ¥2 ‘>— ‘z> ‘(JaJ) Janau) asn anndadennuod Jeio ‘(A1oBared 1a1p 1sa1yijeay ayl Bunuasaidas (3a1) ajiuinb Yyl ayr yum sajnuinb) 8109s (1I3HY) xapul Buie3 AyiesH anleuIs)| v
(Rep/siuip T2 aampuLIp 9-z eampulip TS ‘(Ja1) auou) uonduwinsuod oyode ‘(7W/B% 02 '6'62-G2 '(181) 6'v2-5'8T 'G'8T>) IING ‘(uaiind ‘1sed ‘(Jai) Janau) Buiows ‘(1Ajow ZT-0T '6-L '9-v ‘(181) £-T
‘1anau) Ananoe [eaisAyd :dn-mojjoy 1ano parepdn ssjqersen AoueuBiaid-aid Buimoljoy ayy pue ‘([Ja1] s1eak 9T=< ‘GT-€T ‘2T ‘TT—6 ‘6>) UOILINPS [ejuated ‘(adel-1nwy/1aylo ‘[181] SHYA ‘UelSY ‘eulre]/oluedsiH

or|g) Alo1uyia/aoel ‘(sieak) Juswijoiua [ISHN e abe ‘(sieak) yuiq 1si1y Je abe Joy paisnipe aie S|9POIA *SI09)J9 10aJ1p pue [210} 8Y} 10§ PapIA0Id BB S|eAISIUI BOUSPIUOI 94G6 Bulpuodsaliod pue solrel
plezeH "(TOG=U ‘|ING) Xapul ssew Apoq Buissiw 10 ‘(Ez=U) sisoubelp eiws|olalsajoydsadAy Jo ayep Buissiw atem ‘Aoueubaid 1siiy a104aq (TT=U) snijjaw salagelp g adA1 1o (#G9‘T=Uu) eIWa|04a1s3]0y2ladAy
pey oym uawiom Buipnjoxa Jaye ‘uawom snoled ¢/6°/G 01 PaloLIISal Sem SISA[eue uorjelpaw siy | “Aoueufaid Jo S1aplosIp aAISuaLadAY :d@H ‘@Seasip Jejnasenolpled :gAD ‘Xapul ssew Apoq :[INg

(8'5€ '€'9T) %8'vC (zov '81T) %0'€e (185 '1°¢T) %P o€ Jod INg ur sabueyd
(L'ST'€'9) %T°0T (08T '7'7) %T'6 (062 '€'S) %TET Jd smijjaw salaqelp g adAL
(€2 '6'0T) %2'9T (722 '0'8) %E'ST (z'6€ '0'8) %2'6T IEX e1Wa|013)s3]0ydIadAH
(T'SL '2'S€E) %e 95 (€'5L'6'12) %08y (966 '1'9) %.°08 13y uolsuapadAY a1uoyD

Aq papelpaw Ajjenpiaipuj

d
(z'€8 '9'8€) %8'€Q (6'¥8 T¥2) %E LS (6'66 '9'E) %8'€8 Jod ; (10 %686) payetpaws uontodoud
(s¥'T°00'T) 02T (L2T'06'0) 92T (6¥'T°2L°0) L0'T (a1) 00T , (199443 10211Q) SI0IRIPAIN LRI
(T0Z'8€T) L9°T (erz'veT)eLT (2TZ2'60T) 28T (3) 00T (103443 €101 ) SI01RIPBIA| INOYMAN
¥59°29T/2€T 82€'2IT/S6 92€'06/L€ 108'9/9'T/2SL SIBOA-U0SIDd/SaSRD
(9%2'6) 90€'5=U (9%€°9) T€9'€=U BISUWE|233. (%6°2) (96°06) 899°25=u
Aoueubald Jo s1apJaosig anisusiiadAH G/9'T=U uoisuamadAH [euoireises) Aoueubaid aAISUSIOWION

snye1s Aoueubauad 1414 Ul 18paosiq aAlsusiiadAH

sabueyo [N g pue ‘seraqelp Z adA1 ‘elws|olalsajoyaladAy ‘uoisusuiadAy a1uoays Aq diysuonejas dAD-ddH 2yl Jo uoneipsin

‘'S al|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2023 May 17.

JAm Coll Cardiol. Author manuscript



	Abstract
	Condensed Abstract:
	Short tweet (paper summary):
	INTRODUCTION
	METHODS
	Cohort Description
	Hypertensive Disorders of Pregnancy
	Cardiovascular Disease Events
	Covariates
	Exclusions
	Statistical Analysis

	RESULTS
	Sensitivity Analyses

	DISCUSSION
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Central Illustration:
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.

