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Early Mortality, Cardiovascular, and Renal
Diseases in Women's Lives Following
Hypertensive Disorders of Pregnancy:
The Prospective Nationwide Study
CONCEPTION

Grégory Lailler @, MD, PhD; Clémence Grave 2, MD; Amélie Gabet @, PhD; Pierre Joly, PhD;
Nolwenn Regnault @, PhD; Catherine Deneux-Tharaux 2, MD, PhD; Vassilis Tstsaris 2, MD, PhD;
Geneviéve Plu-Bureau 2, MD, PhD; Sandrine Kretz (22, MD, PhD; Jacques Blacher 2, MD, PhD; Valérie Olie (2, PhD

BACKGROUND: We aimed to evaluate the impact of hypertensive disorders of pregnancy occurrence, recurrence, onset time,
and severity on mortality and on a wide range of cardiovascular outcomes in France.

METHODS AND RESULTS: CONCEPTION (Cohort of Cardiovascular Diseases in Pregnancy) is a French nationwide prospective
cohort using data from the National Health Data System. We included all women in CONCEPTION with no history of a car-
diovascular event who delivered in France for the first time between 2010 and 2018 (N=2819655). Hypertensive disorders of
pregnancy and cardiovascular outcomes during the study follow-up were identified using algorithms combining International
Classification of Diseases, Tenth Revision (ICD-10) coded diagnoses during hospitalization and purchases of medication be-
tween 2010 and 2021. We fitted Cox models with time-varying exposure to assess the associations of hypertensive disorders
of pregnancy with mortality and cardiovascular events. Women with gestational hypertension had a 1.25- to 2-fold higher risk
of stroke, acute coronary syndrome, peripheral arterial disease, pulmonary embolism, and chronic kidney disease, and a 2- to
4-fold higher risk of rhythm and conduction disorder and heart failure. Women with preeclampsia had a 1.35- to 2-fold higher
risk of rhythm or conduction disorder and pulmonary embolism during follow-up; a 2- to 4-fold higher risk of stroke, acute
coronary syndrome, and peripheral arterial disease; and a 7- to 9-fold higher risk of heart failure and chronic kidney disease.
They were 1.8 times more likely to die and 4.4 times more likely to die of cardiovascular causes.

CONCLUSIONS: Hypertensive disorders of pregnancy drastically increase the risk of mortality, cardiovascular, and renal events
early after pregnancy. Recurrent, severe, and early-onset preeclampsia further increases this risk.

Key Words: cardiovascular diseases ® cardiovascular risk factors m epidemiology m gestational hypertension m hypertensive disorders
of pregnancy ® preeclampsia

a group of diseases that include chronic hyper- leading cause of mother and child morbidity, and are
tension predating pregnancy, gestational hyper- considered major public health issues worldwide.?3
tension, and preeclampsia.' These conditions, which Although they typically resolve after delivery, many

Hypertensive disorders of pregnancy (HDP) are affect approximately 1 pregnant woman in 10, are a
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CLINICAL PERSPECTIVE

What Is New?

e Hypertensive disorders of pregnancy drastically
increase the risk of mortality, cardiovascular,
and renal events early after pregnancy.

e Thisriskis further increased when preeclampsia
is recurrent, severe, early-onset, or combined
with hypertension or with small-for-gestational-
age infants.

What Are the Clinical Implications?

e Health care professionals should inform women
with a history of hypertensive disorder of preg-
nancy of their increased cardiovascular risk.

e These women should visit their physician at
least once a year for checks on blood pressure
and metabolic factors and to encourage them
adopt a healthier lifestyle.

Nonstandard Abbreviations and Acronyms

CONCEPTION Cohort of Cardiovascular
Diseases in Pregnancy

HDP hypertensive disorders of
pregnancy
SNDS French National Health Insurance

Information System database
(Systeme National des Données
de Santé)

studies have reported that women with a history of
HDP are more likely to develop chronic hyperten-
sion,*® cardiovascular disease,° kidney disease,"
heart failure,%'° and to die of cardiovascular causes'?
later in life. In 2011, the growing body of evidence on
these risks prompted the American Heart Association
to recognize that having a history of HDP constitutes a
cardiovascular risk factor.™

Many of the findings from the above-mentioned
studies were based on large population-based da-
tabases, which limit the risk of selection bias and
provide sufficient statistical power to identify asso-
ciations between HDP and rare events.'*?" Some of
the studies also investigated the association between
these outcomes and HDP recurrence,®'® the severity
and onset time of preeclampsia,*'22'2% preeclamp-
sia combined with small-for-gestational-age (SGA)
infants,’®?" and preeclampsia combined with chronic
hypertension.?!:2+

However, the substantial differences in the study
populations, investigation periods, and methods used
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(study design, type of HDP and outcomes studied,
definition and identification of HDP and outcomes,
follow-up time, adjustment for confounders) in these
studies translate into a high level of heterogeneity in
meta-analyses compiling their results.®='> Moreover,
the associations between HDP and cardiovascular
events are mainly studied over the long term; few stud-
ies have looked at the first decade after pregnancy.

To the best of our knowledge, no study to date has
made a comprehensive analysis of the association be-
tween HDP (type, severity, precocity, recurrence) and
either mortality or cardiovascular, cerebrovascular, and
renal events.

In this context, the present study aimed to evaluate the
impact of HDP occurrence, as well as the impact of re-
current, early onset, and severe gestational hypertension
and preeclampsia on both mortality and on a wide range
of cardiovascular and renal outcomes in France, using
data from the CONCEPTION (Cohort of Cardiovascular
Diseases in Pregnancy) nationwide cohort studly.

METHODS

Data Source

CONCEPTION is a prospective cohort study designed
to investigate hypertensive disorder and cardiovascu-
lar event epidemiology in women who gave birth in
France after 22 weeks of gestation between January
1, 2010 and December 31, 2018.%° It is based on data
from the French National Health Insurance Information
System database (Systeme National des Données de
Santé [SNDS]), and includes >4.5million women and
7.1 million childbirths. The study’s methodology and
characteristics are described elsewhere.®* The SNDS
database contains comprehensive information on all
health care expenditures reimbursed by the national
health insurance system for the entire French popula-
tion (=66000000 people). It comprises 2 information
sources: the National Hospital Discharge Database,
which records information on public and private hos-
pital stays, including diagnoses, using International
Classification of Diseases, Tenth Revision (ICD-10)
codes, and the Interscheme Consumption Data Mart,
which records information on out-of-hospital care (eg,
medicines, imaging, outpatient medical care).

In line with the French national regulations and
ethics committee, participant consent and institu-
tional review board approval were not required for this
study. Santé Publique France, the French public health
agency, has full and permanent access to the Systeme
National des Données de Santé (governmental deliber-
ation number 2016-316, October 13, 2016). We cannot
share national health data system data, because they
are only available on a secure portal. Authorization to
access this portal needs registration and clearance.
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Study Population

For the present study, we included all women in
CONCEPTION who gave birth for the first time in
France after 22 weeks of gestation between January
1, 2010 and December 31, 2018. Before 22 weeks of
gestation, miscarriages are not systematically docu-
mented in medical records in France, hence their ex-
clusion from the present analyses. For women who
gave birth by vaginal delivery, the parity was directly
available in patients’ medical records. Women who
had a cesarean section were considered primiparous
if no previous childbirth was identified since 2006.
We excluded women aged <15 and >49years, those
with a medical history of cardiovascular disease since
2006, and those with an invalid date of pregnancy.
Study follow-up spanned from the beginning of the first
pregnancy to December 31, 2021 (ie, 3-year minimum
follow-up for those who delivered for the first time at
the end of 2018).

Hypertensive Disorders of Pregnancy
For all women included in the final population, we
identified all HDP during the first and subsequent
pregnancies until December 31, 2021, with algorithms
combining diagnoses coded during hospital stays
(ICD-10) and reimbursements for specific drugs.
Chronic hypertension predating the first pregnancy
was defined as receiving prescribed antinypertensive
drugs on at least 3 different dates (2 different dates
if at least 1 large package of 90 pills was dispensed)
between 1year preceding the first pregnancy and
20weeks of gestation. The definition of new-onset
chronic hypertension was the same throughout the
study follow-up (including interpregnancy periods), but
with the dispensing of antihypertensive drugs over a
rolling period of 1year. For each pregnancy, women
were also defined as having preexisting chronic hy-
pertension if they were hospitalized with a primary
diagnosis of preexisting chronic hypertension (ICD-10
codes: 010, O11) during pregnancy or postpartum. We
considered the date of the first dispensing of antihy-
pertensive drugs as the date of diagnosis of chronic
hypertension. Women diagnosed with this condition
before or during the study were considered to have
it for the rest of the follow-up period irrespective of
where or not antihypertensive drugs were interrupted.
Gestational hypertension was defined as either
receiving at least 1 antihypertensive drug between
20weeks of gestation and 6weeks postpartum, or
hospitalization with a diagnosis of gestational hyper-
tension (/CD-10 code O13) in the absence of previous
chronic hypertension. To avoid potential misclassifica-
tion, women reimbursed for antihypertensive drugs and
hospitalized with preterm labor as a primary diagnosis
(ICD-10 codes 047, 060.0-060.2) were excluded from
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the gestational hypertension group, because antihy-
pertensive treatment may have been prescribed for
this situation.

Preeclampsia, eclampsia, and hemolysis, elevated
liver enzymes, and low platelets syndrome were de-
fined as hospitalization, with /CD-70 diagnosis codes
014, O15, and 014.2, respectively. We considered pre-
eclampsia to be severe when recorded as such (code
014.1), or when it was complicated by eclampsia or
hemolysis, elevated liver enzymes, and low platelets
syndrome. For all other situations, it was considered
mild. Furthermore, preeclampsia was defined as early
onset when it occurred before 34 weeks of gestation,
and late onset otherwise. Finally, for singleton preg-
nancies with a delivery in or after 2013, preeclamp-
sia combined with SGA infant was defined as a birth
weight inferior to the 10th percentile for gestational age
and sex.?® This year was chosen because data on the
fetus’ weight and sex pre-2013 were not exhaustive.

Outcomes

The study outcomes were mortality and the occur-
rence of the following cardiovascular, cerebrovascular,
and renal events during follow-up: stroke (all types,
ischemic, hemorrhagic), acute coronary syndrome,
peripheral artery disease, heart failure, rhythm or con-
duction disorder, pulmonary embolism, and chronic
kidney disease. These events (ie, except mortality) were
identified by the primary diagnoses coded during hos-
pitalization (Table S1). The date of hospitalization was
considered to be the date of the event. With regard to
mortality, the date of death was directly available in the
SNDS. Causes of death coded with the ICD-10 clas-
sification were available only until 2017. Accordingly, for
the 2010 to 2017 period, we identified cardiovascular
deaths if the primary diagnosis of death belonged to
Chapter IX of the ICD-10 classification (I00-199: dis-
eases of the circulatory system).

Study Population Characteristics and
Covariates

At baseline, preexisting diabetes was identified using
an algorithm based on the dispensing of 3 antidiabetic
drugs on 3 different dates in the year preceding the
first pregnancy, or on 2 dates if at least 1 large pack-
age (ie, 90 pills) of antidiabetic drugs was dispensed.
Obesity and tobacco smoking were identified by /CD-
10 codes during hospitalization, and by the dispensing
of prescribed nicotine replacement therapy before or
during pregnancy for tobacco smoking. People who
benefitted from Universal Medical Coverage, a social
benefit in France for those whose income is below a
certain ceiling, at baseline were defined as living in so-
cial deprivation.
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Statistical Analysis

We first described the characteristics (number and
percentages for categorical variables, mean and
standard deviation for continuous variables) of women
at baseline, and the rates of HDP and cardiovascular
events during follow-up. We then calculated the rates
of each event during follow-up for all women com-
bined, and then separately for women with gestational
hypertension and those with preeclampsia. The as-
sociations between HDP and the different outcomes
were assessed by hazard ratios (HRs) calculated using
crude and adjusted Cox proportional regression mod-
els. In all models, occurrences of HDP were treated
as time-varying variables. The follow-up started at the
beginning of the first pregnancy and was censored at
December 30, 2021 or death. In a first set of models,
we considered the following HDP exposures (with rel-
evant modalities): total gestational hypertension, total
preeclampsia, gestational hypertension recurrence (no
gestational hypertension, gestational hypertension only
once, gestational hypertension at least twice), preec-
lampsia recurrence (N0 preeclampsia, preeclampsia
only once, preeclampsia at least twice). In a second
set of models, we focused on the following preeclamp-
sia features: preeclampsia severity (no preeclampsia,
mild preeclampsia, severe preeclampsia), early-onset
preeclampsia (no preeclampsia, late preeclampsia,
early preeclampsia), preeclampsia associated with
SGA infant (no preeclampsia, preeclampsia with no
SGA infant, preeclampsia with SGA infant; this analy-
sis was restricted singleton pregnancies with a deliv-
ery in or after 2013), and preeclampsia combined with
chronic hypertension (no preeclampsia, preeclamp-
sia with no chronic hypertension, preeclampsia with
chronic hypertension). The modality preeclampsia

Cardiovascular Events and Mortality Following HDP

with hypertension included both women with chronic
hypertension predating pregnancy and women who
developed chronic hypertension after preeclampsia
occurred.

Associations of each HDP type with each outcome
were modeled separately; women could have >1 inci-
dent outcome and be exposed to >1 HDP. If a woman
had preeclampsia, we did not take into account gesta-
tional hypertension in subsequent pregnancies, for we
considered that the risk associated with preeclampsia
exposure outweighs that associated with gestational hy-
pertension. Maternal age in years was used as the time
scale instead of time on study in all models, because this
method is better at reducing the risk of bias than sub-
sequently adjusting or stratifying for maternal age.?” The
models were adjusted for social deprivation, obesity, to-
bacco smoking, and history of diabetes. HRs with their
95% Cls are presented in forest plots. The proportional
hazard assumption was tested by assessing the cor-
relation between Schoenfeld residuals and time. All sta-
tistical analyses were conducted using SAS software.
Figures were created using the forest plot package in R.

RESULTS

Among the 6302810 deliveries in France in 2010 to
2018 and included in the CONCEPTION cohort, we
identified 2833376 first-time births (Figure 1). We ex-
cluded 99 women with discrepancies between the
dates of subsequent pregnancies, 3578 women at
extreme ages, and 10044 women with a history of
cardiovascular, neurovascular, or renal disease after
2006. The final population included 2819655 women,
accounting for 4913570 childbirths between 2010 and
2021.

Childbirths during the 2010-2018 period
(CONCEPTION cohort) :
N=6,302,810

Firstdeliveries (primiparous women) in 2010-2018
N=2,833,376 women

Exclusions
-Invalid date of pregnancy (N=99)
-Age<15 or > 49 years (N=3,578)
-History of cardiovascular event (N=10,044)

Final inclusion (primiparous women)
N=2,819,655 women

Figure 1. Study flowchart.

CONCEPTION indicates Cohort of Cardiovascular Diseases in Pregnancy.

J Am Heart Assoc. 2024;13:e033252. DOI: 10.1161/JAHA.123.033252
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Table 1 presents the characteristics of the study
population. At baseline (ie, start of the first pregnancy),
the mean age was 28.3years, 13.7% of women lived
in social deprivation, 4.1% had obesity, 0.5% had di-
abetes, and 8.9% were smokers. The mean follow-up
duration was 8.42years (median, 8.53years). During
follow-up, 6.2% had gestational hypertension at least
once, and 3.6% had preeclampsia at least once.

Crude numbers and rates of cardiovascular events
across the follow-up according to HDP type are pre-
sented in Table 2. During follow-up, 21708 women
(0.77%) experienced at least 1 cardiovascular event,
and 3658 died (all causes). Apart from rhythm and
conduction disorder, all outcomes were more likely
in women who had gestational hypertension at least
once. This likelihood was even higher in women who
had preeclampsia at least once. Specifically, 0.14%
and 0.51% of those who had gestational hypertension

Table 1. Population Characteristics at Baseline and
During Follow-Up (N=2819655)

‘ Normean | % or SD
At baseline
Age, y 28.30 5.36
Social deprivation 386661 13.7%
Chronic hypertension 41308 1.5%
Obesity 116450 41%
Diabetes 14250 0.5%
Smoking 250490 8.9%
During follow-up
Follow-up duration 8.42 2.60
No. of pregnancies 1.74 0.73
Only 1 11305637 40.1%
2 1344994 47.7%
>3 344124 12.2%
Hypertensive disorders of pregnancy (at least 1)
Gestational hypertension 173460 6.2%
Preeclampsia 100348 3.6%
Mild and late preeclampsia 62006 2.2%
Severe or early preeclampsia 46855 1.7%
Cardiovascular event during follow-up
Stroke 4598 0.16%
Ischemic stroke 3131 0.11%
Hemorrhagic stroke 1642 0.06%
Acute coronary syndrome 1640 0.06%
Heart failure 1358 0.05
Pulmonary embolism 5168 0.18%
Peripheral arterial disease 544 0.02%
Kidney disease 1917 0.07%
Cardiac rhythm and conduction disorder 7219 0.26%
All-cause deaths 3658 0.13%
Cardiovascular deaths (until 2017) 193 0.01%

J Am Heart Assoc. 2024;13:e033252. DOI: 10.1161/JAHA.123.033252
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and preeclampsia, respectively, developed chronic
kidney disease during follow-up. Similarly, 0.12% and
0.32%, respectively, developed heart failure. Moreover,
the mean time-to-event was shorter (1 to 2years) in
women who had preeclampsia (Table S2).

After adjustment for confounders, and treating HDP
as time-varying variables, the HRs (95% Cls) for car-
diovascular disease in women who had gestational
hypertension at least once during follow-up were
1.57 (1.42-1.74) for stroke (all types), 1.58 (1.39-1.78)
for ischemic stroke, 1.62 (1.37-1.91) for hemorrhagic
stroke, 1.85 (1.59-2.15) for acute coronary syndrome,
1.37 (1.02-1.83) for peripheral artery disease, 2.92
(2.53-3.38) for heart failure, 2.19 (2.04—-2.36) for rhythm
and conduction disorder, and finally 1.25 (1.12—1.39) for
pulmonary embolism (Figure 2; Table S3). This same
subgroup was also 1.98 (1.73-2.27) times more likely
to develop chronic kidney disease, 1.33 (1.18-1.5)
times more likely to die (all causes), and 2.09 (1.35—
3.24) times more likely to die of cardiovascular death.
HRs, except for chronic kidney disease, were higher
in women who had gestational hypertension at least
twice than in those who had it only once, but the differ-
ence was not statistically significant.

In women who had preeclampsia at least once,
the HRs (95% Cls) were 2.67 (2.4-2.96) for stroke
(all types), 2.33 (2.04-2.66) for ischemic stroke, 3.48
(2.97-4.07) for hemorrhagic stroke, 2.7 (2.31-3.16) for
acute coronary syndrome, 3.3 (2.56—4.26) for periph-
eral artery disease, 7.75 (6.8-8.82) for heart failure,
1.35 (1.2-1.51) for rhythm and conduction disorder, and
1.92 (1.71-2.15) for pulmonary embolism.

This subgroup was 7.91 (7.11-8.80) times more likely
to develop chronic kidney disease during follow-up,
1.78 (1.55-2.04) times more likely to die (all causes),
and 4.37 (2.88-6.63) times more likely to die of cardio-
vascular death. HRs, except for all-cause death, were
higher in women who had preeclampsia at least twice
than in those who only had it once. The difference was
only statistically significant for acute coronary syn-
drome and chronic kidney disease.

Figure 3 shows the HRs for each outcome accord-
ing to the severity and the onset time of preeclampsia,
and according to preeclampsia combined with SGA
infant and with hypertension. Women who had severe
preeclampsia were significantly more likely to develop
stroke (all types and hemorrhagic), heart failure, pulmo-
nary embolism, and chronic kidney disease, and more
likely to die (all cause) than women who had mild pre-
eclampsia. Women who had early-onset preeclamp-
sia were significantly more likely to develop stroke (all
types and ischemic), acute coronary syndrome, pe-
ripheral artery disease, heart failure, pulmonary embo-
lism, and chronic kidney disease than women who had
late-onset preeclampsia. Women whose preeclamp-
sia was combined with SGA infant were significantly
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Table 2. Crude Rates and Numbers of Cardiovascular Events During Follow-Up According to the HDP

Total Gestational hypertension Preeclampsia

HDP N % N % N %

Stroke 4598 0.16% 415 0.24% 396 0.39%
Ischemic stroke 3131 0.11% 281 0.16% 237 0.24%
Hemorrhagic stroke 1642 0.06% 153 0.09% 180 0.18%
Acute coronary syndrome 1640 0.06% 196 0.11% 186 0.19%
Peripheral arterial disease 544 0.02% 49 0.03% 73 0.07%
Heart failure 1358 0.05% 214 0.12% 318 0.32%
Pulmonary embolism 5168 0.18% 362 0.21% 318 0.32%
Chronic kidney disease 1917 0.07% 236 0.14% 511 0.51%
Rhythm/conduction disorder 7219 0.26% 783 0.45% 307 0.31%
All-cause death 3658 0.13% 287 0.17% 223 0.22%
Cardiovascular death (until 2017) 193 0.01% 23 0.01% 27 0.03%

Women could contribute to >1 incident event and be exposed to both gestational hypertension and preeclampsia. Consequently, the numbers of events in
each row and column may intersect, and no statistical test was performed. HDP indicates hypertensive disorders of pregnancy.

more likely to develop chronic kidney disease than
women whose preeclampsia was not combined with
SGA infant. Finally, women whose preeclampsia was
combined with chronic hypertension were significantly
more likely to have a stroke (all types), acute coronary
syndrome, heart failure, and chronic kidney disease
than women whose preeclampsia was not combined
with chronic hypertension.

DISCUSSION

In this large population-based study of >2.8mil-
lion women and 4.9million childbirths, gestational

hypertension and preeclampsia were strongly as-
sociated with occurrence of cardiovascular, cerebro-
vascular, and renal events, and with all-cause and
cardiovascular mortality early in the women’s lives.
Women who had preeclampsia at least twice were
even more likely to have acute coronary syndrome or
chronic kidney disease. Severe preeclampsia, early
onset preeclampsia, preeclampsia in combination with
SGA infant, and preeclampsia in combination with
chronic hypertension all strengthened these associa-
tions, especially for chronic kidney disease.

Our findings are consistent with those reported in
previous population-based and cohort studies. In their

Heart failure
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Figure 2. Adjusted hazard ratios of cardiovascular events according to gestational hypertension or PE and its recurrence.
All models were adjusted for diabetes history, social deprivation, obesity, and tobacco use. Maternal age was used as the time scale.
Exposures were treated as time-varying variables. *The follow-up time was censored at December 31, 2017 in models analyzing
cardiovascular death, because causes of death were available only for the 2010 to 2017 period. GH indicates gestational hypertension;

and PE, preeclampsia.
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Figure 3. Adjusted hazard ratios of cardiovascular events according to the severity and earliness of PE and its association

with SGA infant and chronic hypertension.

All models were adjusted for diabetes history, social deprivation, obesity, and tobacco use. Maternal age was used as the time scale.
Exposures were treated as time-varying variables. Models explain PE with/without SGA infant. Birth weight was available only for
singleton births between 2013 and 2018. The follow-up time was censored at December 31, 2017 in models explaining cardiovascular
death, because causes of death were available only for the 2010 to 2017 period. HT indicates hypertension; PE, preeclampsia; and

SGA, small for gestational age.

systematic review and meta-analysis, Wu et al found
that women with a history of preeclampsia had a 2-fold
higher risk of coronary heart disease, stroke, and car-
diovascular disease death, and a 4-fold higher risk of
heart failure.'® Lo et al found that women with a history
of gestational hypertension were 1.8 times more likely to
have cardiovascular diseases, coronary heart disease,
and heart failure (but not stroke).® Barrett et al found
that the risk of chronic kidney disease was 2.1 times
higher in women who had preeclampsia, and 1.5 times
higher in women who had gestational hypertension.'!

Many studies have focused on the excess risk in-
duced by severe and early-onset preeclampsia,'?16.22:28
preeclampsia combined with SGA infant,'®2® pre-
eclampsia combined hypertension,?* and by HDP
recurrence'®?°%" on a wide variety of outcomes.
Nonetheless, these studies are heterogeneous in
terms of their populations, designs, HDP studied, and
outcomes, making it difficult to compare and compile
their results. This is reflected in Pittara et al’'s systematic
review, where 73% of the 90 associations collected for
long-term outcomes after preeclampsia had a high or
very high degree of heterogeneity.® Our study provides
a comprehensive overview of the different impacts of
all types of HDP, their recurrence, onset time, severity,
combination with SGA infant, and combination with
hypertension, on the occurrence of 11 cardiovascular,
cerebrovascular, and renal events, including all-cause
and cardiovascular death. Many of these associations
have never been previously assessed.

J Am Heart Assoc. 2024;13:e033252. DOI: 10.1161/JAHA.123.033252

The question as to whether HDP have a causal re-
lationship with cardiovascular disease onset or only
reveal an underlying higher cardiovascular risk is a con-
troversial one. Many authors consider pregnancy as a
stress test for life, unmasking physiological susceptibility
to cardiovascular disease,>*® whereas others highlight
that cardiac and hemodynamic impairment caused by
preeclampsia can persist long after the end of preg-
nancy.®® Interestingly, we found that having gestational
hypertension at least twice was not associated with a
higher risk of cardiovascular events than once-off ges-
tational hypertension occurrence, whereas women who
had preeclampsia at least twice had a significantly higher
risk of acute coronary syndrome and chronic kidney dis-
ease than women who had it only once. Similarly, severe
and early-onset preeclampsia was associated with an
even higher risk of cardiovascular events. These results
support the hypothesis of a direct and persistent effect
of preeclampsia on the cardiovascular system. Recently,
another study based on data from the CONCEPTION
cohort reported that preeclampsia duration increased
the risk of developing hypertension in the first years fol-
lowing childbirth.* This association was only partly ex-
plained by the difference of gestational age. Moreover,
echocardiographic studies found that hemodynamic
alterations are correlated with severe and early-onset
preeclampsia.®® Together, these findings suggest that,
in women with a history of preeclampsia, the longer and
more severe the exposure to antiangiogenic factors, the
higher is the long-term cardiovascular risk.
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In view of the above evidence, the postpartum pe-
riod should be regarded as a window of opportunity
to implement interventions aimed at assessing and
reducing cardiovascular risk in women who had an
HDP. Most national and international guidelines rec-
ommend that these women be provided counseling on
this excess risk and on the importance of the medical
follow-up throughout their lives.3-3° Specifically, they
should visit a physician at least once a year to check
their blood pressure and metabolic factors. Recent
studies showed that home self-monitoring by moth-
ers could be a promising alternative to improve blood
pressure control.*® The International Federation of
Gynecology and Obstetrics recently promoted tailored
lifestyle modifications in women with a history of HDP,
such as a heart-healthy diet (consumption of fruits and
vegetables, Dietary Approaches to Stop Hypertension
diet), physical activity, and body mass index control.*!
Breastfeeding is also effective in reducing future car-
diovascular risk.*? Unfortunately, the implementation of
these educational measures is still largely insufficient.
Qualitative studies and surveys have reported that many
women are not given information about their increased
cardiovascular risk after an HDP.4344 Even more worry-
ing is the lack of awareness of physicians themselves
about the association between HDP and cardiovascu-
lar events reported in other studies.*>*® Moreover, infor-
mation on a history of HDP is not always transmitted to
primary care providers (general practitioners, obstetri-
cians/gynecologists) who offer postpartum follow-up.*
This communication gap translates into a lost opportu-
nity for women and should be tackled.

The present study has several strengths. First,
thanks to its prospective population-based design,
made possible by the use of France’s national medico-
administrative database (SNDS), we were able to com-
prehensively include all hospital deliveries in France
over a period of 10years. Accordingly, the risk of in-
clusion bias was limited, because out-of-hospital deliv-
eries represent only 0.6% of all deliveries in France.*
Second, thanks to the large number of women in-
cluded, we had excellent statistical power to be able
to estimate, in a holistic manner, the independent as-
sociations between HDP types, their recurrence, onset
time, and severity on a wide range of cardiovascular
outcomes, including estimating the association be-
tween rare exposure (eg, preeclampsia recurrence)
and rare events (eg, peripheral artery disease). To the
best of our knowledge, these associations have never
previously been assessed in a single population using
only 1 method. Moreover, many of the associations we
explored have never been reported in previous studies.
Finally, the use of a method with time-varying expo-
sures provided us with a comprehensive overview of
the occurrence of these events from the beginning of
the first pregnancy to the end of follow-up.
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The study also has limitations. First, the SNDS da-
tabase was initially designed for medico-administrative
purposes and therefore lacks clinical data; we identi-
fied chronic hypertension and gestational hypertension
through the dispensing of antihypertensive drugs and
diagnosis codes. Accordingly, we probably missed
some cases of untreated gestational hypertension and
hypertension not coded during hospital stays, most
probably mild forms of these diseases, which might
have diluted the risk of the events. Similarly, we were
not able to identify cardiovascular events that did not
lead to hospitalization. This is particularly true for dis-
eases commonly treated in ambulatory care, such as
rhythm disorder or kidney disease. Having said that, in-
sufficient identification of events was likely to be of the
same order in HDP-exposed and nonexposed women;
consequently, the lack of these data should not skew
the associations between HDP and the various events
considered. For the same reason, covariates such as
obesity and tobacco use were insufficiently identified,
and we had no data on ethnicity, alcohol consumption,
or weight gain/loss during follow-up. These missing
data may have led to residual confounding. Finally, we
did not have information on other causes of missing
follow-up such as emigration. Nonetheless, we believe
that these causes are rare, evenly distributed in the ex-
posed and nonexposed groups, and unlikely to cause
a significant bias in the association between HDP and
outcomes.

CONCLUSIONS

This population-based prospective study showed that
all HDP were associated with the occurrence of car-
diovascular, cerebrovascular, and renal events and
with all-cause and cardiovascular mortality in the early
years after the first pregnancy. Severe, early-onset,
and recurrent preeclampsia were associated with an
even higher cardiovascular risk in these women. In
light of these results, and with the aim of improving
women’s health and life expectancy, it would appear
crucial for policymakers to improve awareness about
the increased risk of cardiovascular and renal events
in women with a history of HDP, to encourage them
to visit their physician at least once a year for checks
on blood pressure and metabolic factors, and to urge
them to follow healthier lifestyles.
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