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Abstract

Hypertensive disorders of pregnancy (HDP) are one of the leading causes of mater-
nal and fetal morbidity and mortality. We aimed to estimate the prevalence of each
HDP in France and to study their associations. All pregnant women who delivered in
France between 2010 and 2018 were included in a cohort and followed during their
pregnancy and 6 weeks of postpartum. Each HDP occurring during the follow-up was
identified. Prevalence of each HDP and cumulative incidence by gestational age were
estimated. Incidence rate ratio (IRR) and 95% confidence interval (Cl) for preeclamp-
sia among women with preexisting or gestational hypertension (GH) were estimated
using Poisson regression and adjusted for age were estimated. Between 2010 and
2018, 6 302 810 deliveries were included. HDP complicated 7.4% of pregnancies.
Preeclampsia and GH complicated 2.0% and 4.2% of pregnancies, respectively. Most
of preeclampsia cases occurred without a prior HDP. HELLP syndrome represented
10.4% of preeclampsia cases. Compared to nulliparous pregnancies without HDP
prior preeclampsia, the age-adjusted IRR of preeclampsia was 6.2 [95% CI: 6.1-6.4]
in nulliparous pregnancies with preexisting hypertension and 2.9 [95% CI: 2.8-3.0]
in nulliparous pregnancies with GH. In France, HDP occurred in 7.4% of all pregnan-
cies. Women with preexisting chronic hypertension are at high risk to present preec-
lampsia during pregnancy. Preeclampsia complicated 2.0% of pregnancies in France.
Tailoring management of women according to the HDP is a major challenge to avoid

complications related to these disorders.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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1 | INTRODUCTION

Hypertensive disorders of pregnancy (HDP), including chronic hyper-
tension (persistent or not during pregnancy), gestational hypertension,
and preeclampsia/eclampsia, represent a major cause of maternal
and fetal morbidity and mortality.! In addition to the potentially se-
rious complications during pregnancy and postpartum, hypertensive
disorders are associated with an increased risk of cardiovascular and
renal diseases long after delivery.2'3 HDP include different entities
of variable severity with their classification varying across different
countries. Several studies have estimated that HDP could affect be-
tween 5% and 10% of pregnancies, with an incidence of preeclampsia
ranging from 1% to 7% depending on the countries and characteristics
of the women selected and the parity.2*° A higher risk of HDP has
been described in primiparous women as compared with multiparous
women.*¢ However, because of the low frequency of some of these
disorders, especially HELLP syndrome and eclampsia, accurate esti-
mates of the incidence are difficult to obtain despite the large number
of studies. In industrialized countries, due to the increasing age at first
pregnancy as well as the increasing prevalence of obesity—two major
risk factors for HDP—several countries have highlighted the unfavor-
able trends of these HDP in recent periods.” In France, no large-scale
studies have been conducted to estimate the incidence of HDP. Most
of the studies, conducted on a limited number and selected population
of women (low risk, nulliparous, etc), have estimated the incidence of
preeclampsia to be between 0.5% and 3%.8*! In France, the develop-
ment and improvement of a national health insurance database cover-
ing almost the entire French population offers a unique opportunity
to provide the first national accurate estimate of the incidence of all
subtype of HDP.

2 | MATERIALS AND METHODS
2.1 | Datasource

The CONCEPTION (Cohort of Cardiovascular diseases in Pregnancy)
study is a prospective cohort study conducted using the French
National Health Insurance Information System (Systéme national des
données de santé, SNDS).*2 This database contains the health care ex-
penditure reimbursed by the national health insurance. For the present
study, two databases of the SNDS were used: the national hospital dis-
charge database, which contains informations about all hospital stays
diagnoses coded using ICD-10 codes in public and private hospitals;
and the national health insurance database, which records reimburse-
ments for health care expenditure such as drugs and outpatient medi-
cal care prescribed or performed by health care professionals.

2.2 | Study population

The population of the present study was composed of general health
scheme beneficiaries, including local mutualist sections representing

almost 90% of the French population. All deliveries, occurring in this
population, between January 1, 2010, and December 31, 2018, were
identified using hospital stay information mentioning a delivery pro-
cedure with a gestational age over 22 weeks of gestation. Women
not living in France, those who delivered anonymously, those for
whom we were unable to match data from the two SNDS databases
and those not affiliated to the general or local mutual scheme were
excluded from the study population because of possible missing
data in their medical history. All women were followed up during

their pregnancy and 6 weeks of postpartum.

2.3 | Outcomes

HDP were identified in the database using different algorithms,
based on the delivered antihypertensive medication delivered and/
or hospital diagnosis as follows. Pregnancy start date was computed
as the date of delivery minus the gestational age at delivery.

Preexisting chronic hypertension was considered if women have
had at least three dispensations of antihypertensive medication at
three different dates in the year preceding the pregnancy (or on two
dates, if at least one large package (for 3 months) of antihypertensive
drugs was dispensed), or if they were hospitalized with a primary
diagnosis mentioning a preexisting hypertension (ICD-10 codes:
010, 011) during pregnancy or postpartum. Preexisting chronic hy-
pertension before pregnancy was considered persistent if women
have had at least one delivery of antihypertensive medication during
pregnancy or were hospitalized with a primary diagnosis of hyper-
tension during pregnancy (ICD-10 codes: 010, 011, 013, 016, 110).
Nonpersistent preexisting chronic hypertension could be due to the
lowering level of blood pressure during pregnancy.

In women without preexisting chronic hypertension, gestational
hypertension was identified in our database by a hospitalization with
a primary diagnosis of gestational hypertension during pregnancy
(ICD-10 code: O13) or at least one delivery of antihypertensive
medication between 20 weeks of gestation and 6 weeks of postpar-
tum.®® In France, a large proportion of women (70.2% in our study)
who took antihypertensive treatment received a calcium chan-
nel blocker that could be given both as tocolytic or antihyperten-
sive drugs (mainly Nicardipine and Nifedipine) (supplemental files).
Since antihypertensive drugs can also be given for an indication of
preterm labor, we excluded from the gestational hypertension group
all women who had both delivery of antihypertensive medication
and hospitalization with a primary diagnosis of preterm labor (ICD-
10 codes: 047, 060.0-060.2, 060.9).

Preeclampsia, HELLP syndrome, and eclampsia were identified
by a hospitalization with a diagnosis of preeclampsia (014), HELLP
syndrome (014.2), or eclampsia (O15). In our study, severity of pre-
eclampsia was considered if it was reported in the hospital diagnosis
(014.1: severe preeclampsia) or in cases of HELLP syndrome or ec-
lampsia. All preeclampsia without severity criteria were considered
moderate. Early-onset preeclampsia was considered if the diagnosis
was made before 34 weeks of gestation.
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2.4 | Individual covariates

For each delivery included in the study, information relating to women
and pregnancies was recorded. Multiple pregnancy, delivery mode
(vaginal or cesarean section), fetal death, and obesity were identified
from the hospital discharge summaries of the delivery stay. Parity was
coded in the delivery hospital stay for women who delivered vaginally
exclusively. For women who had a cesarean section, their childbirth
history since 2006 was searched to identify parity. Smoking was iden-
tified by specific coding at hospital or by the reimbursement of nico-
tine replacement treatments before or during pregnancy. Pregnancy or
postpartum hemorrhages were identified during pregnancy and post-
partum hospital stays or during pregnancy and postpartum or during
the delivery stay. Personal history of cardiovascular disease was identi-
fied in all hospital discharge summaries of each women between 2006
and their pregnancy with the following ICD-10 codes: 120.0 and 121-
123 for acute coronary syndrome, 160-164 for stroke, 150 for heart fail-
ure, and 126 for pulmonary embolism. We used an algorithm to identify
maternal preexisting diabetes using the delivery of three antidiabetic
medication on three different dates in the year preceding pregnancy
(or on two dates, if at least one large package of antidiabetic drugs
was dispensed). Gestational diabetes was identified using an algorithm
based on dispensation of insulin and glucose strips or the diagnosis of
diabetes during the pregnancy without a history of diabetes before

pregnancy.!*

2.5 | Statistical analysis

The prevalence of each HDP between 2010 and 2018 was estimated
by dividing the number of women with the disorder by the number
of women who delivered during the same period.

Cumulative incidence of gestational hypertension and preeclamp-
sia by gestational age was estimated by dividing the cumulative num-
ber of women developing one of these two HDP during the pregnancy
period, by the number of women still pregnant during this period.

To allow comparison of the prevalence of HDP between nullip-
arous and multiparous pregnancies, rates were age standardized
using the direct method by applying the 5-year age prevalence rates
to the age structure of all the women who delivered between 2010
and 2018.

Incidence rate ratio (IRR) and 95% confidence interval (Cl) for
preeclampsia among women with preexisting chronic hypertension
or gestational hypertension were estimated using Poisson regres-
sion and adjusted for age.

Statistical analyses were performed with SAS software (version
7.1, SAS Institute).

2.6 | Ethicsapproval

In line with French governmental regulations and the National Ethics
Committee, no patient consent was required. Santé publique France,

as the national public health agency had full and permanent access
to the SNDS database (Delibération no 2016-316 of October 13th
2016).

2.7 | Patientinvolvement

We acknowledge the importance of public involvement.
Nevertheless, no patients were involved in setting the research
question or the outcome measures, nor were they involved in devel-
oping plans for design or implementation of the study. No patients
were asked to advise on interpretation or writing up of results. There
are no plans to disseminate the results of the research to study par-

ticipants or the relevant patient community.

3 | RESULTS

Between January 1, 2010, and December 31, 2018, 7 022 789 de-
liveries were identified in the hospital discharge database. After ex-
cluding women who did not meet the inclusion criteria, 6 302 810
deliveries, corresponding to 4 459 322 women, were included in our
study (Figure 1). Almost 45% of the pregnancies included were nul-
liparous (N = 2 833 376).

Characteristics of women and pregnancies by HDP were pro-
vided in Table 1. Women with HDP were significantly older, irre-
spective of parity and HDP (p < .0001). Maternal low-socioeconomic
status, obesity, diabetes, gestational diabetes, and personal history
of cardiovascular diseases were more frequently observed in preg-
nancies with HDP (p < .0001). Tobacco use was less frequently re-
ported in pregnancies with severe preeclampsia (7.8%) as compared
with pregnancies without HDP (8.9%) or pregnancies with preex-
isting chronic hypertension (11.3%) (p < .0001). The prevalence of
cardiovascular and inflammatory diseases, stroke, and pulmonary
embolism was higher in pregnancies with HDP. The proportions of
cesarean sections, multiple pregnancies, and in utero death were
particularly high in nulliparous and multiparous pregnancies with
early preeclampsia as compared with pregnancies without HDP (re-
spectively, 88.5% vs. 25.0% for cesarean section, 11.3% vs. 1.9%
for multiple pregnancies, and 0.2% vs. 0.04% for in utero death
[p <.0001]).

3.1 | Prevalence of HD

At least one HDP occurred in 7.4% of pregnancies (8.4% of nullipa-
rous and 6.5% of multiparous pregnancies) (Table 2). The prevalence
of chronic hypertension was 1.5% and 1.8% in nulliparous and mul-
tiparous pregnancies, respectively (p < .0001). After adjustment for
age by standardization, the prevalence of preexisting chronic hyper-
tension was higher in nulliparous than in multiparous pregnancies
(1.8% vs. 1.6% respectively) (p < .0001). Treatment of preexisting
chronic hypertension persisted throughout pregnancy in 59.0% of
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FIGURE 1 Flowchart of the study
population
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Y

Deliveries between 2010-2018 included
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N=6 302 810

Mulliparous pregnancies
N=2 833 376

Multiparous pregnancies
N=3 469 434

cases regardless of parity. Gestational hypertension occurred in
4.6% and 3.9% of nulliparous pregnancies and multiparous pregnan-
cies, respectively. Preeclampsia was 2.5 times more frequent in nul-
liparous than in multiparous pregnancies (2.9% vs. 1.2%, p < .0001).
Early-onset preeclampsia represented 20% of all preeclampsia cases
in nulliparous pregnancies. In 40% of cases, preeclampsia was severe
(similar rate in nulliparous and multiparous pregnancies). HELLP syn-
drome represented 10.0% of preeclampsia cases with a prevalence
of 0.2%. Finally, eclampsia occurred in 0.1% of nulliparous and mul-
tiparous pregnancies.

Among nulliparous preeclamptic pregnancies, 8.9% had pre-
eclampsia superimposed on preexisting chronic hypertension and
11.6% had gestational hypertension before preeclampsia (Table 3).
Indeed, in a large majority of cases, the preeclampsia was the first
HDP occurring, with no evidence of previous HDP earlier in the
pregnancy. In multiparous pregnancies, the proportion of inaugural
preeclampsia was lower than in nulliparous (70.4%), because of a
higher of superimposed preeclampsia on preexisting hypertension
(17.2%) than in nulliparous women (8.9%) (p < .0001).

In nulliparous pregnancies, the age-adjusted risk (alRR) of pre-
eclampsia was more than sixfold higher for pregnancies with pre-
existing hypertension compared to those without HDP (Table 4).
The IRR of preeclampsia was higher when preexisting hypertension
persisted during pregnancy (alRR = 7.5 [95% CI 7.3-7.7]) as compared
with pregnancies without HDP (p < .0001). The age-adjusted risk
of preeclampsia reached 2.9 (95% CI 2.8-3.0) in pregnancies with
gestational hypertension.

3.2 | Incidence of HDP according to
gestational and maternal age

The cumulative incidence of preeclampsia increased throughout
pregnancy from 0.44% of pregnancies in the 25th week of gesta-
tion to 3.8% of pregnancies in the 41th week of gestation (Figure 2).
Preeclampsia diagnosed in the postpartum was rare (<0.5% of all
preeclampsia). The incidence of gestational hypertension increased
earlier in pregnancy with 50% of cases of gestational hypertension
occurring before the 35th week of gestation (vs. the 37th week for
preeclampsia).

The incidence of gestational hypertension and preeclampsia in-
creased slightly with maternal age before 27 years old and almost
exponentially afterward. Thus, between 27 and 40 years of age, the
incidence doubled for preeclampsia and multiplied by 1.7 for gesta-
tional hypertension (Figure 3).

3.3 | Antihypertensive medication delivered during
pregnancy and postpartum

Antihypertensive medications delivered to women with persistent
preexisting chronic hypertension or gestational hypertension are
described in Table S1. In women with gestational hypertension, the
class of calcium channel blockers (ATC classification: CO8) was the
most frequently delivered followed by central-acting antihyperten-

sives (CO2) and beta-blockers (CO7). By contrast, in women with
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TABLE 1 Characteristics of women included in the study by parity and hypertensive disorders
Nulliparous pregnancies
Preexisting Gestational Severe Early onset
None hypertension hypertension Preeclampsia preeclampsia preeclampsia
N Mean N Mean N Mean N Mean N Mean N Mean
Age (years) 2594 032 28.2 43122 315 130151 29.0 83045 29.5 34479 297 16 547 30.1
Gestational age 2594032 39.0 43122 378 130151 38.6 83045 36.2 34479 343 16547 31.2
(weeks of
amenorrhea)
N % N % N % N % N % N %
Women with 355 480 13.7 6280 14.6 17 933 13.8 13563 16.3 6087 17.7 3231 19.5
complementary
universal health
insurance®
Obesity 94 511 3.6 6288 14.6 9809 75 9613 11.6 3801 11.0 2528 15.3
Tobacco 230 609 8.9 4881 11.3 11 621 8.9 7135 8.6 2693 7.8 1647 10.0
Multiple pregnancy 49 235 1.9 1438 3.3 4336 3.3 6957 8.4 3056 8.9 1869 11.3
Cesarean section 647 565 25.0 21249 493 49 122 37.7 53560 64.5 27981 81.2 14 649 88.5
In utero death 1049 0.04 38 0.1 78 0.1 99 0.1 69 0.2 40 0.2
Gestational 207 489 8.0 7240 16.8 14 862 11.4 10632 12.8 3945 11.4 2056 12.4
diabetes
Pregnancy 21879 0.8 482 1.1 1536 1.2 924 1.1 432 1.3 276 1.7
hemorrhage
Postpartum 124 353 4.8 2612 6.1 6858 5.3 7407 9.0 3483 10.1 1182 71
hemorrhage
Postpartum 138 585 5.3 2625 6.1 7550 5.8 4942 6.0 1977 5.7 950 5.7
infection
Diabetes 10 558 0.4 1779 4.1 1283 1.0 1642 2.0 646 1.9 414 2.5
Personal history of 646 0.02 508 1.2 77 0.1 94 0.1 40 0.1 35 0.2
CVD
Personal history of 1698 0.1 223 0.5 109 0.1 108 0.1 47 0.1 33 0.2
stroke
Personal history 1498 0.1 73 0.2 73 0.1 98 0.1 64 0.2 39 0.2
of pulmonary
embolism
Cardiac 2272 0.1 330 0.8 166 0.1 120 0.1 53 0.2 23 0.1
malformations
Personal history of 21 684 0.8 1070 2.5 1250 1.0 1025 1.2 431 1.3 259 1.6
inflammatory
disease
Personal history of 2737 0.1 166 0.4 152 0.1 203 0.2 87 0.3 58 0.4
HIV
Multiparous pregnancies
Preexisting Gestational Severe Early onset
None hypertension hypertension Preeclampsia preeclampsia preeclampsia
N Mean N Mean N Mean N Mean N Mean N Mean
Age (years) 3243821 31.2 61231 337 134617 319 42258 324 14661 324 7543 32,5
Gestational age 3243821 39.0 61231 38.1 134617 38.7 42258 364 14 661 345 7543  31.8
(weeks of
amenorrhea)

(Continues)

85U017 SUOWIWIOD BAITEID) 3|qedldde ay) Aq peusenob afe sejole VO ‘85N J0 S9N 10} A%uq18UlUO A8]IM UO (SUONIPUCD-pUR-SLUB)AL0D A8 | 1M Afe1q 1 Ul |UO//SANY) SUORIPUOD PUe SWIB | 3U188S *[7202/S0/ET] Uo ARiqiTauluO A8|IM ‘80Ul 8URI0D Ad ¥SZYT UOI/TTTT OT/I0pAW0D A8 | im AIq Ul |UO//SANY WO.j pepeojumod ‘2 ‘T20Z ‘92TLTSLT



OLIE €T AL.

WiILEY- ¥

TABLE 1 (Continued)

Multiparous pregnancies

Preexisting Gestational Severe Early onset
None hypertension hypertension Preeclampsia preeclampsia preeclampsia
N Mean N Mean N Mean N Mean N Mean N Mean
N % N % N % N % N % N %
Women with 660 997 20.4 15775 25.8 29 620 22.0 11 429 271 4278 29.2 2433 32.3
complementary
universal health
insurance®
Obesity 154 738 4.8 9979 16.3 10 943 8.1 6944 16.4 2264 15.4 1627 21.6
Tobacco 318 287 9.8 6586 10.8 13 619 10.1 3755 8.9 1151 7.9 752 10.0
Multiple pregnancy 51 694 1.6 1344 2.2 3258 24 2723 6.4 978 6.7 604 8.0
Cesarean section 451 056 13.9 17087 279 25701 19.1 19 795 46.8 9718 66.3 5670 75.2
In utero death 1233 0.04 80 0.1 100 0.1 70 0.2 41 0.3 24 0.3
Gestational diabetes 329 696 10.2 12658  20.7 18 295 13.6 7837 18.6 2391 16.3 1438 191
Pregnancy 22280 0.7 563 0.9 1293 1.0 430 1.0 146 1.0 119 1.6
hemorrhage
Postpartum 252 715 7.8 5960 9.7 10792 8.0 5602 13.3 2216 15.1 878 11.6
hemorrhage
Postpartum infection 168 826 5.2 3611 5.9 7730 5.7 2653 6.3 869 5.9 432 5.7
Diabetes 12 577 0.4 2299 3.8 1078 0.8 1037 2.5 345 2.4 270 3.6
Personal history of 1359 0.04 768 1.3 122 0.1 117 0.3 51 0.4 38 0.5
CVD
Personal history of 2444 0.1 294 0.5 139 0.1 89 0.2 36 0.3 27 0.4
stroke
Personal history 2742 0.1 156 0.3 143 0.1 92 0.2 29 0.2 28 0.4
of pulmonary
embolism
Cardiac 3242 0.1 377 0.6 155 0.1 60 0.1 21 0.1 11 0.2
malformations
Personal history of 28 452 0.9 1166 1.9 1318 1.0 612 1.5 258 1.8 190 2.5
inflammatory
disease
Personal history of 5205 0.2 349 0.6 284 0.2 198 0.5 73 0.5 50 0.7
HIV

Abbreviations: CVD: cardiovascular diseases including acute coronary syndrome and heart failure; HIV: human immunodeficiency virus.

?Providing free access to health care for people with an annual income less than 60% of the poverty threshold (CMUc).

persistent preexisting hypertension, beta-blockers (CO7) were most

frequently delivered.

4 | DISCUSSION

4.1 | Main finding

Our nationwide study allowed us to evaluate more than 6 million
pregnancies in France over a period of 9 years and provided re-
cent results on the prevalence of each HDP. We showed that HDP
were common in France, occurring in almost 8% of all pregnancies.
Preeclampsia complicated 2.9% of nulliparous and 1.2% of multipa-
rous pregnancies. Women with preexisting chronic hypertension
were at high risk developing preeclampsia. Most of the cases of

preeclampsia occurred without a prior HDP. All HDP studied here
were positively associated with maternal age.

4.2 | Interpretation

The prevalence of preeclampsia, described in our study, was in ac-
cordance with that reported in the French National Perinatal survey,
conducted in 2016 on 13 400 live births and in industrialized coun-
tries in other studies.*¢*!* The higher risk of HDP in nulliparous preg-
nancies reported in our study has been well described, with the risk
of gestational hypertension and preeclampsia being respectively 1.5
and 1.3- to 4.75 times higher.4 In addition, our study provided, for
the first time in France, an estimation of HELLP syndrome, eclampsia,
and gestational hypertension prevalence in a large study of women.
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TABLE 2 Crude and age-standardized prevalence of hypertensive disorders during pregnancy and 6 weeks of postpartum by parity,

France, 2010-2018

Nulliparous pregnancies

Multiparous pregnancies

Total Pregnancies

N=2833376 N =3469434 N = 6302 810
Hypertensive Crude Standardized Crude Standardized Crude
disorders N prevalence  prevalence N prevalence prevalence N prevalence
None 2594032 91.6 911 3243821 93.5 93.8 5837853 92.6
Preexisting 43122 1.5 1.8 61231 1.8 1.6 104 353 1.7
hypertension
Persistent preexisting 25777 0.9 1.1 38 967 1.1 1.0 64 744 1.0
hypertension
Gestational 130 151 4.6 4.8 134 617 3.9 3.8 264768 4.2
hypertension®
Preeclampsia 83045 29 3.1 42 258 1.2 1.2 125303 2.0
Early onset 16 547 0.6 0.6 7543 0.2 0.2 24 090 0.4
preeclampsia
Severe preeclampsia 34 479 1.2 1.3 14 661 0.4 0.4 49 140 0.8
HELLP Syndrome 9160 0.3 0.4 3413 0.1 0.1 12 573 0.2
Eclampsia 3354 0.1 0.1 1455 0.04 0.04 4809 0.1
?Excluding gestational hypertension complicated by preeclampsia which are included in the preeclampsia group.
TABLE 3 Hypertensive disorders preceding preeclampsia in nulliparous and multiparous pregnancies
Nulliparous Multiparous
N preeclampsia = 83 045 N preeclampsia = 42 258
Total Early onset Severe Total Early onset Severe

preeclampsia

preeclampsia

preeclampsia

preeclampsia

preeclampsia

preeclampsia

N % N % N % N % N % N %
None 66 071 79.5 12077 73.0 27 378 79.4 29 765 70.4 4509 59.8 10 197 69.6
Preexisting 7361 8.9 2439 14.7 3210 9.3 7277 17.2 2081 27.6 2654 18.1
hypertension
Persistent 5394 6.5 1868 11.3 2440 7.1 5791 13.7 1688 224 2196 15.0
preexisting
hypertension
Gestational 9613 11.6 2031 12.3 3891 3,0 5216 12.3 953 12.6 1810 12.3
hypertension
Total 83045 100.0 16 547 100.0 34 479 100.0 42 258 100.0 7543 100.0 14 661 100.0

Few studies to date have analyzed all HDP in both nulliparous
and multiparous pregnancies. Our data enabled us to study, with
high statistical power, the risk of preeclampsia for all types of HDP.
Preexisting chronic hypertension increased significantly the risk
of preeclampsia (2.7-fold in nulliparous pregnancies), the number
of cases of preeclampsia preceded by gestational hypertension
was higher than the one preceded by preexisting hypertension.
Furthermore, most of preeclampsia occurred without a prior HDP
both in nulliparous and multiparous pregnancies.

In our study, we found that the risk of preeclampsia increased
significantly with maternal age, especially from 27 to 30 years, but
we did not highlight an increased risk in the younger age groups.
While the higher risk of HDP with increased maternal age has been

well described, the relation between young maternal age and HDP is
still being debated with discordant results. In a large database gath-
ering data from 29 countries, age under 17 years old was not associ-
ated with a higher risk of preeclampsia.”*®

Our results showed that gestational hypertension and pre-
eclampsia increased with gestational age as previously described.®
However, we observed a significant increase in the incidence of hy-
pertension in the early postpartum. This increase could be partly due
to untreated gestational or preexisting hypertension, not identified
by our algorithm based on treatment delivery.

Our study also described the risk of preeclampsia accord-
ing to the presence or absence of a preexisting HDP. This anal-
ysis, taking into account all hypertensive disorders, allowed a
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TABLE 4 Age-adjusted Incidence rate ratio (IRR) and 95% confidence interval of preeclampsia in nulliparous and multiparous pregnancies among women with preexisting hypertension or

gestational hypertension

Preeclampsia (%)

Multiparous

Nulliparous

Crude

N preeclampsia/ N

Adj
total

IRR

Crude
IRR

N preeclampsia/ N

total

95% Cl

Adj IRR

% RR 95% Cl

95% ClI

95% Cl

%

ref

ref

0.9
11.9

22 488/3 243821
7277/61 231

ref

ref

2.5
171

66 071/2 594 032
7361/43 122

None

12.2 11.9-12.5

12.7-13.4

131

6.2 6.1-6.4

6.7-7.0

6.9

Preexisting

hypertension

15.1 14.6-15.5

5791/38 967 14.9 16.3 15.9-16.8

7.5 7.3-77

8.2-8.7

8.4

5394/25 777 20.9

Persistent preexisting

hypertension

4.0-4.3

4.2

4.1-44

4.3

3.9

5216/134 617

2.8-3.0

2.9-3.0

3.0

7.4

9613/130 151

Gestational

hypertension

WiILEY- L2

stratification of preeclampsia risk. Our results showed the need
for close monitoring and management of women with preexisting
or gestational hypertension, given their particularly high-relative
risk of preeclampsia. In women with inaugural preeclampsia, fur-
ther studies are needed to understand if the absence of preex-
isting HDP was due to the lack of monitoring of these women
with undiagnosed preexisting hypertension or gestational hyper-
tension or if preeclampsia occurred suddenly, without warning
hypertensive signs.

Concerning the classes of drugs prescribed to hypertensive
women during pregnancy, although a majority of delivered drugs cor-
respond to classes recommended during pregnancy, several hundred
prescriptions of non-indicated or even contraindicated agents, par-
ticularly agents acting on the renin-angiotensin-aldosterone system,
raised questions taking into account the risk of congenital malforma-
tion in children with regard to the use of this therapeutic class during
pregnancy.t’

4.3 | Strengths and limitations

This first French nationwide study, using medico-administrative da-
tabase, estimating all HDP prevalence during pregnancy, including
HELLP syndrome and eclampsia, have several strengths. The com-
pleteness of the discharge data used in our study to identify preg-
nancies was evaluated to be high (99.6% of live births in France).'®
Consequently, the number of pregnancies included, more than 6
million, allowed an accurate estimation. All dispensations of antihy-
pertensive drugs were also registered in an exhaustive manner, for
each women, in our database.’ In addition, the positive predictive
value (PPV) and sensibility of the preeclampsia and HELLP syn-
drome diagnoses in the hospital discharges summaries were evalu-
ated in a validation study and found to be high (PPV = 100% and
sensibility = 81.3%).2° This same validation study showed that the
gestational hypertension's hospital diagnosis was valid (VPP = 100%)
although the burden of gestational hypertension was underestimated
(sensibility = 63%). To avoid this underestimation of gestational hy-
pertension, we added antihypertensive medication dispensations
to our algorithm to identify cases in our study. However, finally, for
eclampsia, a previous study showed the possible over reporting of
this disorder in the hospital discharge diagnosis with cases of se-
vere preeclampsia or HELLP syndrome being coded as eclampsia.?
Regarding preexisting hypertension, we cannot exclude that its prev-
alence reported in our study could have been overestimated by our
algorithm. Indeed, women receiving antihypertensive medication,
especially beta-blockers, for an indication other than hypertension
(chronic stress, migraine, etc) in the year preceding pregnancy could
have been wrongly considered to have hypertension. However, it
was not possible to exclude these women from preexisting hyperten-
sion group with certainty. Finally, women receiving antihypertensive
medication for threatened premature delivery without hospitaliza-
tion have been considered as gestational hypertension and could
participate to an overestimation of this disorder.
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FIGURE 3 Prevalence of hypertensive disorders by maternal age in nulliparous women

5 | CONCLUSIONS

HDP were common in France, occurring in 7.4% of all pregnan-
cies. Preeclampsia complicated 2.0% of pregnancies. Women with
preexisting hypertension are at high risk to develop preeclampsia
during pregnancy. The identification of different HDP and their
association is still a major issue for risk stratification in preg-
nant women in order to reduce the risk of complications related
to these HDP by tailoring monitoring and management of these

women.
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