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Adverse Maternal and Infant Outcomes
iIn Women With Chronic Hypertension
in France (2010-2018): The Nationwide
CONCEPTION Study

Grégory Lailler “*, MD; Clémence Grave &, MD; Amélie Gabet “*, PhD; Nolwenn Regnault, PhD;
Catherine Deneux-Tharaux (=), MD, PhD; Sandrine Kretz (12}, MD, PhD; Claire Mounier-Vehier “=*, MD, PhD;

Vassilis Tsatsaris “*/, MD, PhD; Genevieve Plu-Bureau “*/, MD, PhD; Jacques Blacher ', MD, PhD;
Valérie Olié¢ ', PhD

BACKGROUND: It has been suggested that chronic hypertension is a risk factor for negative maternal and fetal outcomes during
pregnancy and postpartum. We aimed to estimate the association of chronic hypertension on adverse maternal and infant
outcomes and assess the impact of antihnypertensive treatment and these outcomes.

METHODS AND RESULTS: Using data from the French national health data system, we identified and included in the CONCEPTION
cohort all women in France who delivered their first child between 2010 and 2018. Chronic hypertension before pregnancy was
identified through antihypertensive medication purchases and by diagnosis during hospitalization. We assessed the incidence risk
ratios (IRRs) of maternofetal outcomes using Poisson models. A total of 2822616 women were included, and 42349 (1.5%) had
chronic hypertension and 22816 were treated during pregnancy. In Poisson models, the adjusted IRR (95% ClI) of maternofetal
outcomes for women with hypertension were as follows: 1.76 (1.54-2.01) for infant death, 1.73 (1.60-1.87) for small gestational
age, 2.14 (1.89-2.43) for preterm birth, 4.58 (4.41-4.75) for preeclampsia, 1.33 (1.27-1.39) for cesarean delivery, 1.84 (1.47-2.31)
for venous thromboembolism, 2.62 (1.71-4.01) for stroke or acute coronary syndrome, and 3.54 (2.11-5.93) for maternal death
postpartum. In women with chronic hypertension, being treated with an antihypertensive drug during pregnancy was associated
with a significantly lower risk of obstetric hemorrhage, stroke, and acute coronary syndrome during pregnancy and postpartum.

CONCLUSIONS: Chronic hypertension is a major risk factor of infant and maternal negative outcomes. In women with chronic
hypertension, the risk of pregnancy and postpartum cardiovascular events may be decreased by antihypertensive treatment
during pregnancy.
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pertension predating pregnancy or diagnosed be-

fore 20weeks of gestation, concems 1% to 4% of
pregnancies in the United States and 1.7% of pregnan-
cies in France."® Previous studies reported an increasing
temporal trend in the prevalence of chronic hypertension
and other hypertensive disorders of pregnancy, presum-
ably correlated with older maternal age at first birth and

Chronic hypertension in pregnancy, defined as hy-

an increased prevalence of obesity."*® It has been sug-
gested that chronic hypertension is a risk factor for neg-
ative maternal and fetal outcomes during pregnancy and
postpartum’™? and that these correlations are not entirely
mediated by the excess risk of preeclampsia.8 A recent
systematic review and meta-analysis of 94 studies found
that chronic hypertension was significantly associated
with many negative maternal and perinatal outcomes,
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CLINICAL PERSPECTIVE

What Is New?

e Of primiparous women, 1.5% had chronic hy-
pertension, and 54% of women with hyperten-
sion were treated with antihypertensive drugs
during pregnancy.

e In primiparous women, chronic hypertension
was associated with infant death, small gesta-
tional age, preterm birth, preeclampsia, cesar-
ean delivery, venous thromboembolism, stroke
or acute coronary syndrome, and maternal
death postpartum.

e In women with chronic hypertension, being
treated with an antihypertensive drug during
pregnancy was associated with a significantly
lower risk of obstetric hemorrhage, stroke,
and acute coronary during pregnancy and
postpartum.

What Are the Clinical Implications?

e Chronic hypertension is a major risk factor of
infant and maternal negative outcomes.

e |In women with chronic hypertension, the risk
of pregnancy and postpartum cardiovascular
events may be decreased by antihypertensive
treatment during pregnancy.

Nonstandard Abbreviations and Acronyms

CONCEPTION Cohort of Cardiovascular
Diseases in Pregnancy

IRR incidence risk ratio

including preeclampsia, cesarean delivery, maternal mor-
tality, preterm birth, stillbirth, and small-for-gestational age
(SGA).” However, few studies to date have assessed the
association between chronic hypertension and maternal
death or major cardiovascular events, such as acute cor-
onary syndrome (ACS),'®* stroke,”® and thromboembo-
lism,'® during pregnancy and postpartum.

Current guidelines for the management of hyper-
tension and cardiovascular diseases during pregnancy
recommend initiating pharmacological treatment in all
women with severe hypertension and those with mild
to moderate hypertension and a high cardiovascular
risk.”~1% However, the impact of antinypertensive treat-
ment during pregnancy on maternal and fetal outcomes
is debated, and evidence remains scarce.?® The most
recent Cochrane review on this topic concluded that
antihypertensive drug therapy for mild to moderate hy-
pertension during pregnancy probably halves the risk
of developing severe hypertension but may have little
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or no effect on other clinically important outcomes, in-
cluding child and mother death, preeclampsia, preterm
birth, and fetal growth restriction.’’ In the CHAP
(Chronic Hypertension and Pregnancy) randomized
controlled trial, Tita et al®® found that a strategy of tar-
geting a blood pressure of <140/90mmHg was asso-
ciated with better pregnancy outcomes than a strategy
of reserving treatment only for severe hypertension,
with no increase in the risk of SGA birth weight.

To the best of our knowledge, the impact of anti-
hypertensive treatment for chronic hypertension on
the occurrence of major cardiovascular events during
pregnancy (ACS, stroke, venous thromboembolism)
has never been assessed.

In this context, we aimed to estimate the impact of
chronic hypertension on adverse maternal and infant
outcomes, including cardiovascular events, in women
in France and assess the impact of antihypertensive
treatment on these outcomes.

METHODS

Data Source
CONCEPTION  (Cohort of Cardiovascular Risk in
Pregnancy) is an ongoing prospective cohort including
all women resident in France who gave birth in France
between January 1, 2010, and December 31, 2018.
A detailed description of the cohort protocol is avail-
able in previous articles.??® Cohort data were extracted
from the French national health insurance information
system database (Systtme National des Données de
Santé),?"?324 which contains comprehensive information
on all health care expenditures reimbursed by France’s
national health insurance system for the entire popula-
tion. Specifically, it contains information about all public
and private hospital stays, including diagnosis and med-
ical interventions, as well as information on outpatient
care, including all reimbursements for drug purchases.
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
Systéme National des Données de Santé (governmen-
tal deliberation No. 2016—-316, October 13, 2016). We
cannot share national health data system data as they
are only available on a secure portal. Authorization to
access this portal needs registration and clearance.

Study Population

The present study included all first deliveries of women
enrolled in the CONCEPTION cohort (hereafter re-
ferred to as primiparous) who gave birth in a hospi-
tal after 22weeks of gestation between January 1,
2010, and December 31, 2018. Before 22weeks of



€202 ‘z Re|N uo Aq Blio'sfeulnofeye)/:dny woly papeojumoq

Lailler et al

gestation, fetal losses are defined as miscarriages and
are therefore not always identifiable in the Systeme
National des Données de Santé. Women who under-
went a termination of pregnancy for a maternal or fetal
reason were excluded as were those with a history
of stroke, ACS, or heart failure after January 1, 2006.
The study population was divided into 2 subpopula-
tions according to the presence or not of chronic hy-
pertension before pregnancy. The latter was defined
as the dispensing of antihypertensive medication on at
least 3 different dates between 1 year preceding the
pregnancy and 20 weeks of gestation or on 2 different
dates if at least 1 large package of antihypertensive
drugs was dispensed or if they were hospitalized with a
primary diagnosis of preexisting chronic hypertension
(International Classification of Diseases, Tenth Revision
[[CD-10] codes: 010, O11) during pregnancy or post-
partum. Chronic hypertension was considered treated
during pregnancy if antihypertensive medication had
been dispensed at least once between 20weeks of
gestation and delivery. Antihypertensive treatment
initiated after ACS, stroke, or heart failure during preg-
nancy was presumed to have been prescribed as a
secondary prevention treatment and was therefore not
considered in the identification of treated hypertension
during pregnancy.?

Outcomes

We searched for adverse maternal outcomes from the
date of pregnhancy to the sixth week postpartum by
identifying hospitalizations with the following /CD-10
codes: delivery and postpartum hemorrhage, hereafter
referred to as obstetric hemorrhage (046, 067, O72),
stroke (160 to 164), venous thromboembolism (180 to
182, 0223, 0871, 0879, 1676, 1636, 0873, 0225, 0229,
0882, 126), ACS (120 to 123), and preeclampsia (O14).
Gestational diabetes was identified using an algorithm
combining the delivery of insulin and glucose strips or
a diagnosis of diabetes during pregnancy (E10 to E14,
024) with no preexisting diabetes. Because the study
included only women who delivered, maternal death
was recorded only during the postpartum period.

The following infant and maternal outcomes and
covariates were identified from hospital maternity dis-
charge summaries: multiple pregnancy, delivery mode
(vaginal or cesarean delivery), infant death, premature
birth defined as a live birth before 37 weeks of gesta-
tion and SGA (ie, <10th percentile for sex and gesta-
tional age).

Women’s Characteristics and Covariates

Women who benefited from Universal Medical
Coverage (Couverture médicale universelle complé-
mentaire), a social benefit in France for those whose
income is below a certain ceiling, were defined as
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living in social deprivation. Smoking was identified by
specific coding during hospitalization (F17, Z716, Z720,
T652), by the reimbursement of payments for nicotine
replacement treatments before or during pregnancy,
or by a “newborn affected by maternal use of tobacco”
(P0O42) diagnosis. Previous diabetes was identified by
the dispensing of at least 3 antidiabetic prescriptions
on 3 different dates (or on 2 dates if at least 1 large
package of antidiabetic drugs was dispensed) in the
year preceding pregnancy. A personal history of ve-
nous thromboembolic disease was identified between
January 1, 2006, and the date of pregnancy using the
criteria cited previously (see Outcomes). Obesity was
identified from maternity hospital discharge reports.
Gestational age was expressed in completed weeks
of amenorrhea.

For women with chronic hypertension before preg-
nancy, we identified the dispensing of antihypertensive
medications, which we divided into the following 5 cat-
egories: (1) angiotensin-converting enzyme inhibitors
and angiotensin Il receptor antagonists, (2) f-blockers,
() diuretics, (4) calcium channel blockers, and (5) other.

Antihypertensive Drugs During Pregnancy
For women with chronic hypertension treated during
pregnancy, we identified the dispensing of antihy-
pertensive drugs at each trimester of pregnancy and
during the 6weeks postpartum period. Angiotensin-
converting enzyme inhibitors, angiotensin Il receptor
antagonists, and aliskiren were considered contrain-
dicated drugs during pregnancy (formally contraindi-
cated in the second and third trimesters). Methyldopa,
nicardipine, labetalol, and nifedipine were considered
indicated drugs during pregnancy. All other molecules
were considered nonindicated during pregnancy.?®

Statistical Analysis
We described mothers’ and children’s characteristics
in the total population and according to a diagnosis
of chronic hypertension before pregnancy by calculat-
ing numbers and percentages for categorical variables
and mean and standard deviation for the age. Maternal
and infant outcomes were described according to the
existence of chronic hypertension and the treatment
of hypertension during pregnancy. The frequency of
these outcomes was compared using a x? test be-
tween the chronic hypertension and no hypertension
groups and between the treated hypertension and un-
treated hypertension groups. The distribution of differ-
ent gestational ages at birth was described by curves
according to the existence of chronic hypertension and
the treatment of hypertension during pregnancy.

We performed univariate and multivariate Poisson
regression models to estimate the incidence risk ratios
(IRRs) of maternal and infant outcomes according to
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chronic hypertension versus no hypertension, treated
hypertension versus no hypertension, and untreated
hypertension versus no hypertension, with a 95%
Cl. Multivariate Poisson models were performed cor-
rected for overdispersion and adjusted for maternal
age (years), social deprivation, obesity, tobacco use,
history of diabetes, multiple pregnancy, gestational
diabetes, and preeclampsia. Models estimating the
IRRs of gestational diabetes and preeclampsia were
adjusted on these covariates except for gestational
diabetes.

As a sensibility analysis, we computed a propensity
score of being treated during pregnancy for women
with chronic hypertension before pregnancy based on
a logistic regression model. All previously cited covari-
ates were included in the propensity score plus the
year of childbirth. We then estimated the odds ratios of
maternal and infant outcomes using logistic regression
models (crude and weighted on the inverse probabil-
ity of treatment). The purpose of this sensibility analy-
sis was to assess whether the associations between
mother and child outcomes and antihypertensive
treatment during pregnancy persist when a propensity
score instead of a multiple adjustment controls the in-
dication bias.

For women with chronic hypertension treated during
pregnancy, we calculated the numbers and percentages
of women who took only indicated antihypertensive
drugs, nonindicated drugs, or contraindicated drugs.

RESULTS

We identified 2833376 primiparous women who
gave birth in France during the period from January 1,
2010, to December 31, 2018 (Figure 1). After the exclu-
sion of 7847 terminations of pregnancy for maternal or
fetal medical indication and 2913 women with histories
of stroke, ACS, or heart failure, the analysis population
included 2822616 women. Of these, 42 349 (1.5%) had
chronic hypertension before pregnancy, and 22816
were treated for this condition during pregnancy (54%
of women with chronic hypertension). Table 1 shows
the population’s characteristics according to the ex-
istence of chronic hypertension before pregnancy.
Women with chronic hypertension were, on average,
>3years older and were more likely to smoke, live in
social deprivation, be obese and diabetic, and have
previous venous thromboembolism medical history.

All pregnancy and maternal outcomes were sta-
tistically more frequent in women with chronic hyper-
tension than in women without chronic hypertension
(Table 2). Singletons born in 2013 or after had mean
birth weights of 3214.5 g and 2963.8g for mothers
without and with chronic hypertension, respectively
(mean difference = 251 g).
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Childbirths during the 2010-2018 period:
N=6,302,810

First deliveries (primiparous women):
N=2,833,376

Exclusion

»| * 7,847 medical terminations of pregnancy

* 2,913 women with a medical history of stroke,
acute coronary syndrome or heart failure

Women included:
N=2,822,616

v v
Chronic hypertension before
pregnancy:

No chronic hypertension:

N=2,780,267
N=42,349
— ¥
Treated hypertension during Untreated hypertension
pregnancy: during pregnancy:
N=22,816 N=15,533

Figure 1. Study flowchart.

In fully adjusted Poisson models (Figure 2), the
IRRs (95% CI) of infant outcomes for women with
chronic hypertension were 1.76 (1.54-2.01) for infant
death, 1.73 (1.60-1.87) for SGA, and 2.14 (1.89-2.43)
for preterm birth compared with women without
chronic hypertension. The adjusted IRRs for mater-
nal outcomes were 1.29 (1.25-1.33) for gestational
diabetes, 4.58 (4.41-4.75) for preeclampsia, 1.33
(1.27-1.39) for cesarean delivery, 1.09 (1.05-1.14) for
obstetric hemorrhage, 1.84 (1.47-2.31) for venous
thromboembolism, 2.67 (1.71-4.01) for stroke or ACS,
and 3.54 (2.11-5.93) for maternal death postpartum.
IRRs were higher in women with treated hyperten-
sion during pregnancy for gestational diabetes and
preeclampsia. Figure 3 shows the frequency curves
of gestational age at birth according to the existence
of chronic hypertension and hypertension treatment
during pregnancy. Women with chronic hypertension
gave birth on average 1 week earlier than women
without chronic hypertension (37.9 weeks of amenor-
rhea versus 39.0 weeks).

In women with chronic hypertension, being treated
with an antihypertensive drug during pregnancy was
associated with a significant excess risk (adjusted IRR
[95% CI]) of SGA (1.47 [1.39-1.57]), preterm birth (1.26
[1.17-1.36]), cesarean delivery (1.17 [1.14-1.20]), ges-
tational diabetes (1.25 [1.21-1.30]), and preeclampsia
(1.08 [1.04-1.13]) but not of infant death (1.10 [0.87—
1.38]). On the contrary, being treated with an antihy-
pertensive drug during pregnancy was associated
with a decreased risk of hemorrhage, venous throm-
boembolism, and stroke or ACS during pregnancy and
postpartum. However, this difference only reached
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Table 1. Population Characteristics and Dispensing of Antihypertensive Drugs

Chronic hypertension before pregnancy
Total, N=2822616 No, n=2780267 Yes, n=42349
No. or mean Percentage or SD No. or mean Percentage or SD No. or mean Percentage or SD
Maternal characteristic
Maternal age, y 28.29 (5.38) 28.29 (5.36) 28.29 (6.01)
Multiple pregnancy 56544 2.00 55210 1.99 1334 315
Smoking 251303 8.90 246635 8.87 4668 11.02
Social deprivation 389005 13.78 382864 13.77 6141 14.50
Medical history
Obesity 116556 413 110410 3.97 6146 14.51
Diabetes 14510 0.51 12783 0.46 1727 4.08
Previous veinous 3491 0.12 3321 0.12 170 0.40
thromboembolism
Antihypertensive drugs dispensing before 20 wks of gestation*
ACE inhibitors/AlIRA 8078 19.07
B-blockers 22171 52.35
Diuretics 3696 8.73
Calcium channel 8194 19.35
blockers
Other 5908 13.95
None 33463 79.02

SD data are shown in parentheses. ACE indicates angiotensin-converting enzyme; and AlIRA, angiotensin Il receptor antagonist.
*Number of women diagnosed with chronic hypertension before pregnancy with at least 1 dispensing of antihypertensive drugs between 1 year before the

date of pregnancy and 20 weeks of amenorrhea.

statistical significance for hemorrhage (0.93 [0.86-
0.99)) and the composite end point “stroke or ACS”
(0.38 [0.18-0.83]). In a sensitivity analysis in which the
2913 women with a medical history of stroke, ACS, or
heart failure were not excluded, these lower adjusted
IRRs were not significant (data not shown).

In women with chronic hypertension, the probability
of being treated during pregnancy was estimated using
a logistic regression, which comprised all previously
cited covariates plus the year of childbirth. The density
of the propensity score showed an important overlap
between the treated and untreated groups (Figure S1).
The associations between antihypertensive treatment
and mother and child outcomes estimated by logistic
regression weighted on inverse probability of treatment
were similar to those estimated by adjusted Poisson
regression models (Table S1).

With respect to the 22816 women treated for hy-
pertension, an antihypertensive drug was dispensed
for 13795 (60.5%) of them during the first trimester,
16473 (72.2%) during the second trimester, and 14779
(64.8%) during the third trimester. A contraindicated
drug (angiotensin-converting enzyme inhibitors, an-
giotensin Il receptor antagonists, or aliskiren) was dis-
pensed for 328 (2.0%) of all 22816 women during the
second trimester and for 105 (0.7%) women during the
third trimester (Table 3).

J Am Heart Assoc. 2023;12:e027266. DOI: 10.1161/JAHA.122.027266

DISCUSSION

In the large-scale nationwide prospective French co-
hort CONCEPTION, which included, among others,
2833376 primiparous women who gave birth between
2010 and 2018, we found that chronic hypertension
before pregnancy was an important risk factor for ad-
verse pregnancy outcomes, cardiovascular diseases,
and death both during pregnancy and postpartum.
This excess risk was significant irrespective of whether
hypertension was treated during pregnancy. When
treated during pregnancy, women with chronic hy-
pertension had a significantly lower risk of obstetric
hemorrhage and stroke or ACS than their untreated
counterparts.

Although several studies have found an association
between chronic hypertension and adverse infant out-
comes, 2112627 gyvidence concerning the association
between chronic hypertension and cardiovascular dis-
eases during pregnancy is scarce.”'® We found that
chronic hypertension was associated with preeclamp-
sia, obstetric hemorrhage, thromboembolic venous
disease, and stroke/ACS. It was also associated with
a 3% times higher risk of maternal death during post-
partum, which is consistent with previous reports.®”1°
Although the absolute risks of major cardiovascular
events during pregnancy and postpartum remain low,
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A Infant outcomes

HT vs no HT Treated HT vs no HT Untreated HT vs no HT  Treated vs untreated HT
1.76 11.83 11.67 1.10
Infant death| | + g g *
1.73 | 238 11.86 1.28
Small-for-gestational age * ¢ |- .
214 439 11.74 1.27
Preterm birth (total){ | + ' . ] g
2.02 | 225 293 1.40
Moderate preterm (=32 WG) 1 - —= T—— -
i 3.56 4.06 297 1.07
Very preterm (27-31 WG) 1 = T —— e
3.1 3.19 4.56 1.08
Extremely preterm (<27 WG){ | —*— — * -

B Maternal outcomes

6 8 0 2 4 6 8 0 2 4 6 8
IRR (95% CI)

HT vs no HT Treated HT vs no HT Untreated HT vs no HT  Treated vs untreated HT
1.29 1.36 1.17 1.25
Gestational diabetes | |* R g . .
; 458 ' 2.05 1.38 1.47
Preeclampsia{ | * P * *
) 1.33 1.37 1.25 1.17
Ceserean section| & re * .
) 1.09 1.05 1.15 0.93
Obstetrichemorrhage| * i d - -
1 1.84 '1.63 ' 2,09 0.82
Venous thromboembolism | < —— = -
| 262 1.54 4.09 0.38
Stroke orACS{ | —*— T S SE— -
| 3.54 4.15 266 1.64
Maternal death duringPPq | —¢—— . -
0 2 6 8 0 2 6 8 0 2 4 6 8 0 2 4 6 8

IRR (95% ClI)

Figure 2. Adjusted IRRs of infant (A) and maternal (B) outcomes according to prepregnancy hypertension and the treatment

of hypertension during pregnancy.

IRRs of preeclampsia and gestational diabetes were adjusted for maternal age (years), deprivation (Couverture médicale universelle
complémentaire), obesity, tobacco use, history of diabetes, and multiple pregnancy. Other IRRs were adjusted for factors cited
previously plus gestational diabetes. Birth weight was available from 2013, low birth weight IRRs were calculated for available data at
the period from 2013 to 2018. Preterm IRRs were calculated for live births. ACS indicates acute coronary syndrome; HT, hypertension;
IRR, incidence risk ratio; PP, postpartum; and WG, weeks of gestation.

these events have dramatic consequences on both
mothers and children, including physical or mental
disabilities and death. They have become the main
cause of maternal mortality in developed countries.?82°
Given the increasing trend of chronic hypertension be-
fore pregnancy, this global public health issue is likely
to worsen in the next few years, which highlights the
need to improve the prevention, screening, and mul-
tidisciplinary management of chronic hypertension in
women of childbearing age.

Previous studies reported that antihypertensive
treatment is beneficial in preventing several negative
maternal outcomes.”?3% Particularly, the CHIPS trial
(Control of Hypertension in Pregnancy Study) found
that tight versus less-tight control of hypertension
in pregnancy did not improve maternal and infant

J Am Heart Assoc. 2023;12:e027266. DOI: 10.1161/JAHA.122.027266

outcomes, except the risk of severe maternal hyperten-
sion, thrombocytopenia, and elevated liver enzymes.*°
However, a post hoc analysis of CHIPS data found that
severe hypertension was associated with all outcomes
except for maternal readmission. Recently, the CHAP
trial found that, in women with chronic hypertension, a
pharmacological treatment targeting a blood pressure
of <140/90mmHg was associated with a decreased
risk of a composite outcome combining severe pre-
eclampsia, medically indicated preterm birth, placental
abruption, or fetal or neonatal death.??

In our study, antihypertensive treatment during
pregnancy was significantly associated with a higher
risk of cesarean delivery, SGA, and preterm birth but
not of infant death. Nevertheless, it remains unclear
whether antihypertensive drugs have a negative causal
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Figure 3. Distribution of gestational age at birth according to chronic hypertension and

antihypertensive treatment.
HT indicates hypertension.

effect on pregnancy outcomes or if they only reflect the
severity of hypertension. Indeed, we were not able to
adjust our models for the severity of hypertension be-
cause blood pressure measurements are not available
for the cohort. Among all studied outcomes, the asso-
ciation between antihypertensive treatment and SGA
was the strongest and could be partly explained by
the prescription of g-blockers, which has already been
associated with fetal growth restriction.3'.%2

Moreover, we found that being treated with an an-
tihypertensive drug during pregnancy was associated
with a significantly lower risk of delivery or postpar-
tum hemorrhage and of stroke/ACS during pregnancy
and postpartum. To the best of our knowledge, this
is the first study to report such results. Nevertheless,
they must be considered with caution. Given the ob-
servational design of this study, a causal relationship

between the treatment of chronic hypertension during
pregnancy and a lower risk of hemorrhage or stroke
cannot be asserted. In a sensibility analysis using
a propensity score, these associations were un-
changed, but the discriminating power of this propen-
sity score was flawed by the lack of blood pressure
measurements.

Nonetheless, this finding remains valuable because
a clinical trial would require a considerable number of
participants to assess the effect of antihypertensive
treatment on such rare events and therefore would be
unethical and difficult to conduct.

Our results highlight the importance of preconcep-
tional care for women with chronic hypertension to op-
timize pregnancy planning. This would allow providing
women information about the excess risk of negative
maternal and infant outcomes and the importance of

Table 3. Number and Type of Antihypertensive Drugs Dispensed to Women With Chronic Hypertension Treated During

Pregnancy at All 3 Trimesters of the Pregnancy and Postpartum

1year before
pregnancy First trimester Second trimester Third trimester Postpartum
Indication* No. Percentage | No. Percentage | No. Percentage | No. Percentage | No. Percentage
Contraindicated 4563 317 1498 10.9 328 2.0 105 0.7 1584 12.8
drug
Nonindicated 8684 60.3 7144 51.8 7022 42.6 5013 33.9 4382 35.3
drug
Indicated drug 1143 7.9 5153 37.4 9123 55.4 9661 65.4 6436 51.9
All drugs 14390 100 13795 100 16473 100 14779 100 12402 100

*Angiotensin-converting enzyme inhibitors, angiotensin Il receptor antagonists, and aliskiren were considered contraindicated drugs during pregnancy
(formally contraindicated in the second and third trimesters). Methyldopa, nicardipine, labetalol, and nifedipine were considered indicated drugs during

pregnancy. All other molecules were considered nonindicated during pregnancy.

J Am Heart Assoc. 2023;12:e027266. DOI: 10.1161/JAHA.122.027266
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blood pressure control during the pregnancy, espe-
cially considering the results of the CHIPS and CHAP
clinical trials. Our findings also support previous rec-
ommendations that women with chronic hypertension
be monitored closely for the potential development of
adverse complications during pregnancy.

A contraindicated treatment (angiotensin-converting
enzyme inhibitors, angiotensin Il receptor antagonists,
or aliskiren) had been dispensed during the second or
third trimesters of pregnancy for a small proportion of
the women in our study. These drugs can lead to fetal
complications or death. The importance of stopping or
substituting these drugs for others during pregnancy
should therefore be emphasized for both mothers and
clinicians.'®

This study has many strengths. The use of a na-
tional database enabled us to create a near-exhaustive
nationwide cohort of women who gave birth in France
at some point during a 9-year time period and to avoid
inclusion bias. The large sample size of this cohort
ensured optimal statistical power to study rare events
such as maternal cardiovascular events and death
during pregnancy or postpartum, compare treated
and untreated pregnant women with chronic hyper-
tension, and adjust our models for several covariates
to limit confounding bias. The combination of data on
hospital-based diagnoses and outpatient drug dis-
pensing enabled us to study not only infant outcomes
but also maternal cardiovascular events and analyze
the consumption of each antihypertensive drug class
during pregnancy and postpartum. Moreover, the use
of hospital records and drug-dispensing data to iden-
tify outcomes (diagnoses and treatments) lowered the
risk of classification bias, such as recall bias.

This study also had limitations. Because chronic
hypertension was identified by the dispensing of anti-
hypertensive drugs and hospital diagnoses, untreated
hypertension not reported during hospitalization may
have been missed and therefore underestimated.
Moreover, we cannot exclude the possibility that a
small proportion of women may have taken antihyper-
tensive drugs for indications other than hypertension
(eg, kidney failure, migraine). Having said that, apart
from migraine, such indications are rare in young
women. These possible misclassifications would likely
lead to an underestimation of the IRRs of perinatal and
maternal outcomes in women with chronic hyperten-
sion. Although we comprehensively identified every
medication dispensing event, we can only assume that
these treatments were actually taken. This assumption
could therefore lead to an underestimation of the po-
tential effect of antihypertensive drugs on perinatal and
maternal outcomes. Likewise, the compliance to an-
tihypertensive drugs could not be assessed because
we could not know how many drugs women were tak-
ing. Moreover, the Systeme National des Données de

J Am Heart Assoc. 2023;12:e027266. DOI: 10.1161/JAHA.122.027266
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Santé is a medico-administrative database and there-
fore lacks clinical data such as weight or blood pres-
sure, resulting in residual confounding. Similarly, no
data are available for rates of postpartum hypertension
and rates of readmissions in the postpartum period.
Finally, as our analysis was conducted on women who
delivered for the first time, these results cannot be gen-
eralized to subsequent pregnancies.

CONCLUSIONS

Chronic hypertension is a major risk factor of perinatal
negative outcomes, including infant death and mater-
nal venous thromboembolic or cardiovascular events
during pregnancy and postpartum. Women treated
with antihypertensive drugs during pregnancy were
at higher risk of negative perinatal outcomes and at
lower risk of postpartum cardiovascular events, yet
no causal inference can be established between the
antihypertensive treatment and these outcomes given
the observational design of this study. Further studies
should be done on how antihypertensive therapy af-
fects not just pregnancy outcomes but also long-term
outcomes such as ACS, cardiovascular diseases, and
death among these women.
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Table S1. Unadjusted and weighted Odds Ratios (ORs) of child and mother events in women with chronic hypertension, according the treatment of HT
during pregnancy

Treated vs untreated HT (OR)

n=42,329
Weighed on Inverse probability of
Crude Treatment*
OR [95% confidence interval] OR [95% confidence interval]

Infant events
Fetal or neonatal death
Small for gestational aget
Preterm#
Preterm (stages)
Moderate preterm
Very preterm
Extremely preterm
Maternal events
Preeclampsia
Cesarean section
Delivery or post-partum hemorrage
Thromboembolic venous disease
Stroke or ACS
Death during post partum

1.12 [0.91-1.38]
1.66 [1.56-1.77]
1.41 [1.34-1.48]

1.40 [1.32-1.48]
1.53 [1.38-1.70]
1.13 [0.91-1.39]

1.16 [1.11-1.23]

1.69 [1.62-1.76]
0.97 [0.90-1.04]
0.90 [0.63-1.29]
0.47 [0.26-0.87]
1.93 [0.59-6.26]

1.13 [0.97-1.31]
1.66 [1.59-1.74]
1.33 [1.28-1.38]

1.32[1.27-1.38]
1.41[1.31-1.52]
1.09 [0.94-1.26]

1.11 [1.07-1.15]

1.32[1.28-1.35]
0.93 [0.88-0.98]
0.80 [0.62-1.03]
0.37 [0.24-0.58]
1.41 [0.66-3.02]
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*The probability of being treated was evaluated by a logistic regression model using the following variates: maternal age (years), deprivation, obesity,
tobacco use, history of diabetes, gestational hypertension, history of thromboembolic disease, multiple pregnancy and year of childbirth. tBirth weight was
available from 2013, low birth weight ORs are calculated for available data at the period 2013-2018. $Preterm ORs are calculated for live births.
Abbreviations: ACS = Acute coronary syndrome, HT = chronic hypertension before pregnancy, OR = Odds Ratio.
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Figure S1. Propensity score distribution by treatment groups
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The probability of being treated was evaluated by a logistic regression model using the following
variates: maternal age (years), deprivation, obesity, tobacco use, history of diabetes, gestational
hypertension, history of thromboembolic disease, multiple pregnancy and year of childbirth.
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