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Abstract
Background Many clinical trials have reported that low-dose aspirin decreases the risk of pre-eclampsia in women with 
prior pre-eclampsia. However, its impact in a real-world population has not been fully assessed.
Objectives To assess the rates of low-dose aspirin initiation during pregnancy in women with a history of pre-eclampsia, 
and to evaluate the impact of low-dose aspirin in prevention of pre-eclampsia recurrence in a real-world population.
Study Design CONCEPTION is a French nationwide cohort study which uses data from the country’s National Health 
Data System database. We included all women in France who gave birth at least twice between 2010–2018, and who had 
pre-eclampsia during their first pregnancy. Every dispensing of low-dose aspirin (75–300 mg) between the beginning of 
their second pregnancy and 36 weeks of gestation (WG) was identified. We used Poisson regression models to estimate the 
adjusted incidence rate ratios (aIRRs) of receiving aspirin at least once during their second pregnancy. In women who had 
early and/or severe pre-eclampsia during their first pregnancy, we estimated the IRRs of pre-eclampsia recurrence during 
their second pregnancy according to the aspirin therapy.
Results In 28,467 women who were included in the study, the aspirin initiation rate during the second pregnancy ranged 
from 27.8% for women in whose first pregnancy the pre-eclampsia was mild and late, to 79.9% for those women whose 
pre-eclampsia was severe and early. Just over half (54.3%) of those treated with aspirin-initiated treatment before 16 WG 
and adhered to treatment. Compared with women with mild and late pre-eclampsia, the aIRRs (95% CI) for receiving aspi-
rin at least once during the second pregnancy were 1.94 (1.86–2.03) for women with severe and late pre-eclampsia, 2.34 
(2.17–2.52) for those with early and mild pre-eclampsia, and 2.87 [2.74–3.01] for those with early and severe pre-eclampsia 
E. Social deprivation was associated with a lower initiation of aspirin (IRR = 0.74 [0.70–0.78]). Aspirin was not associated 
with a lower risk of mild and late pre-eclampsia, severe and late pre-eclampsia, or mild and early pre-eclampsia during the 
second pregnancy. The aIRRs for severe and early pre-eclampsia during the second pregnancy were 0.77 (0.62–0.95) for 
women who received prescribed aspirin at least once, 0.71 (0.5–0.89) for those who initiated aspirin therapy before 16 WG, 
and 0.60 (0.47–0.77) for those who adhered to aspirin treatment throughout their second pregnancy. The risk of severe and 
early pre-eclampsia was lower only when the prescribed mean daily dose was ≥ 100 mg/day.
Conclusion In women with a history of pre-eclampsia, aspirin initiation during a second pregnancy and adherence to the 
prescribed dosage were largely insufficient, especially for women experiencing social deprivation. Aspirin initiated before 
16 WG at a dose ≥ 100 mg/day was associated with a lower risk of severe and early pre-eclampsia.
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Key Points 

In women with a history of pre-eclampsia:

Aspirin initiated before 16 WG at a dose ≥ 100 mg/day 
was associated with a lower risk of early and severe pre-
eclampsia.

Only 43.6% of the women included received prescribed 
aspirin at least once.

Social deprivation was associated with a significantly 
higher risk of pre-eclampsia recurrence.

1 Introduction

Pre-eclampsia (PE) is a complex hypertensive disorder of 
pregnancy combining hypertension and proteinuria, which 
can lead to severe complications such as eclampsia, HELLP 
syndrome, and placental abruption [1, 2]. It chiefly occurs 
during the first pregnancy and is responsible for more than 
500,000 fetal and neonatal deaths, and 70,000 maternal 
deaths worldwide annually [3]. In France, its estimated age-
standardised prevalence is 3.1% in nulliparous women and 
1.2% in parous women [4].

Since 1985, many clinical studies have reported that low-
dose aspirin decreases the risk of pre-eclampsia in high-risk 
women [5–12]. The most recent Cochrane review found that 
low-dose aspirin was associated with a statistically signifi-
cant (18%) lower risk of pre-eclampsia [13]. On the strength 
of this finding, most national and international guidelines 
now recommend that high-risk women receive low-dose 
aspirin to prevent pre-eclampsia [3, 14–18]. Unfortunately, 
there is a large degree of heterogeneity in these guidelines, 
especially regarding the definition of high-risk women and 
the initiation dosage [14]. Although some of them suggest 
a wide indication for aspirin therapy, including all women 
with diabetes, hypertension or obesity [15], the most consen-
sual indication is prior pre-eclampsia. In France, guidelines 
in place since 2008 recommend low-dose aspirin only for 
women with a history of severe or early pre-eclampsia [17].

While the benefits of low-dose aspirin to prevent pre-
eclampsia have been quite well established in clinical tri-
als, its impact on a real-world population has not been 
fully assessed. Discrepancies are often observed between 
the therapeutic effect of a treatment in clinical trials and 
in real-world studies, mainly due to differences in study 
populations, therapeutic indications, treatment protocols, 
and adherence to therapy [19]. The latter dimension is par-
ticularly important since the level of the impact of low-dose 

aspirin on pre-eclampsia prevention has been associated 
with the level of adherence [20]. Neither the extent to which 
medical guidelines for aspirin-based pre-eclampsia preven-
tion are followed, nor the determinants of aspirin therapy 
initiation and adherence have been studied in any great 
depth.

The present study aimed to assess the rates of low-dose 
aspirin initiation during pregnancy in women with a his-
tory of pre-eclampsia, to identify the factors associated with 
aspirin therapy initiation and adherence, and to evaluate the 
impact of low-dose aspirin in prevention of pre-eclampsia 
recurrence in a real-world population.

2  Material and Methods

2.1  Data Source

CONCEPTION (Cohort of Cardiovascular risk in Preg-
nancy) is a prospective cohort study aimed at exploring the 
epidemiology of hypertensive disorders of pregnancy and 
cardiovascular diseases during pregnancy, as well as their 
repercussions on future cardiovascular health in mothers. It 
includes all women who gave birth in France between 1 Jan-
uary 2010 and 31 December 2018. The study’s methodology 
and characteristics are described elsewhere [4, 21]. CON-
CEPTION is based on data from the French National Health 
Insurance Information (Système National des Données de 
Santé, or SNDS) database, which contains comprehensive 
information on all healthcare expenditures reimbursed by 
France’s national health insurance system for almost the 
entire population (~67,000,000 people) [22, 23]. The SNDS 
mainly comprises two information sources: the National 
Hospital Discharge Database (PMSI), which records infor-
mation on public and private hospital stays (whether inpa-
tient or outpatient)—including diagnoses—under ICD-10 
codes, and the Interscheme Consumption Data Mart (DCIR), 
which records information on outpatient care. In particular, 
the DCIR records reimbursements for drug purchases, medi-
cal consultations, and other healthcare expenditures.

2.2  Study Population

In the present analysis, we included all women who gave 
birth for the first time in France after 22 weeks of gesta-
tion (WG) between 1 January 2010 and 31 December 2018, 
who then had a second pregnancy during the same period. 
Women aged < 15 or > 49 years, those with a medical his-
tory of stroke, acute coronary syndrome or heart injury, were 
excluded as it would not be possible to determine whether 
they were treated with aspirin during their second pregnancy 
for secondary prevention of cardiovascular disease, or for 
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prevention of pre-eclampsia. From this initial population, 
we then identified women diagnosed with pre-eclampsia 
during their first pregnancy, using the ICD-10 codes O14 
(pre-eclampsia) and O15 (eclampsia) in their hospital stay 
for delivery. Of these, only women with a second delivery 
after 22 WG between 2010 and 2018 were included.

2.3  Definition of Pre‑Eclampsia

For the first and second pregnancies, we identified pre-
eclampsia phenotypes using the following definitions. We 
considered pre-eclampsia to be severe when it was recorded 
as such (ICD-10 code 014.1), or when eclampsia (O15) or 
HELLP syndrome (O14.2) was diagnosed. It was considered 
mild for all other situations. Pre-eclampsia was defined as 
‘early’ when occurring before 34 WG, and ‘late’ after that 
time.

2.4  Aspirin Use

Every dispensing of low-dose aspirin (75300 mg) between 
the beginning of the second pregnancy and 36 WG was iden-
tified for each woman included. We computed the proportion 
of days covered with aspirin therapy by dividing the total 
number of aspirin units delivered (pills or powder) by the 
number of days during the treatment period, which ran from 
the first dispensing of aspirin to 36 WG, maternal death, 
or a diagnosis of pre-eclampsia, whichever came first. We 
assumed that aspirin was taken on the basis of one unit a 
day, irrespective of the dose. A proportion of days covered 
(PDC) ≥ 80% was used as a proxy for aspirin adherence 
[24]. Aspirin intake was defined in three different ways: at 
least one dispensing during the pregnancy, at least one dis-
pensing before 16 WG, and at least one dispensing before 
16 WG with a PDC ≥ 80%.

We also computed the mean daily dose of aspirin, by 
dividing the total amount of aspirin dispensed by the treat-
ment period. This mean daily dose was divided into three 
categories: 0–75 mg/day, 75–100 mg/day and ≥ 100 mg/day.

2.5  Women’s Characteristics and Covariables

For each pregnancy, we collected the following data: the 
delivery mode (vaginal or Caesarean section), whether it 
was a multiple or singleton pregnancy, intrauterine foetal 
death (IUFD), obesity- and pregnancy-related haemorrhag-
ing from ICD-10 codes provided in hospital records. Preterm 
birth was defined as delivery before 37 WG. Tobacco use 
was identified using an algorithm combining specific hos-
pital coding and delivery of prescribed nicotine replacement 
therapy before or during pregnancy. Pre-existing diabetes 
was identified using an algorithm based on delivery of anti-
diabetic drugs on three different dates in the year preceding 

pregnancy (or on two dates if at least one large package of 
90 pills of antidiabetic drugs was delivered). Gestational dia-
betes was identified using an algorithm combining the deliv-
ery of insulin and glucose strips, or a diagnosis of diabetes 
during pregnancy in women with no pre-existing diabetes. 
Persons who benefitted from Universal Medical Coverage 
(CMUc)—a social benefit in France for those whose income 
is below a certain ceiling—were defined as living in social 
deprivation.

2.6  Statistical Analysis

The characteristics of the women and their first and second 
pregnancies were described with numbers and percentages 
for categorical variables, and means and standard deviations 
for continuous variables. These characteristics were stratified 
according to whether prescribed aspirin was dispensed in the 
second pregnancy, and compared using the Chi-squared test 
for categorical variables, and Student’s t-test for continuous 
variables. We then described the numbers and percentages 
for aspirin dispensing during the second pregnancy accord-
ing to the severity and the timing (early or late) of pre-
eclampsia during the first pregnancy. We also described the 
numbers and percentages of women who consulted a general 
practitioner, a cardiologist, an obstetrician-gynaecologist or 
a midwife at least once in the year before the beginning of 
their second pregnancy (or in the time since the first delivery 
if the inter-pregnancy interval was < 1 year) and 20 WG of 
the second pregnancy, stratified by social deprivation or no 
social deprivation.

We used Poisson regression models to estimate the crude 
and fully-adjusted incidence rate ratios (IRRs) and 95% con-
fidence interval (CI) of receiving aspirin at least once during 
the second pregnancy according to the severity and timing 
of the first pre-eclampsia, the characteristics of women at 
the beginning of the second pregnancy (age, social depriva-
tion, obesity, diabetes, tobacco use, chronic hypertension), 
and the characteristics of the first pregnancy (multiple preg-
nancy, gestational diabetes, gestational hypertension).

Finally, in women who had early or severe pre-eclampsia 
during the first pregnancy, we used Poisson regression mod-
els to estimate the IRRs and 95% CI of late pre-eclampsia, 
severe pre-eclampsia, early pre-eclampsia and ‘early or late 
pre-eclampsia’ during the second pregnancy according to 
aspirin intake and mean daily aspirin dose, adjusted for the 
same covariates.

3  Results

After excluding 3632 women with a history of cardiovas-
cular disease and/or aged <15 years or >49 years, a total 
of 2,829,744 women with first deliveries in France between 
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2010 and 2018 were identified (Fig. 1). Among them, 82,820 
(2.9%) had pre-eclampsia during their first pregnancy. Of 
these, 28,467 women had a second pregnancy in the same 
period and constituted our study population. In terms of 
aspirin therapy, 43.6% received prescribed low-dose aspi-
rin at least once during their second pregnancy. Of these, 
54.3% initiated their treatment before 16 WG and adhered 
to it throughout their pregnancy (≥ 80% days covered by 
aspirin therapy).

The characteristics of the study population according 
to the dispensing of aspirin or no aspirin are displayed in 
Table 1. Women who received aspirin were older at the 
beginning of their second pregnancy than untreated women 
(31.0 vs 30.0 years). They were also significantly more likely 
to have chronic hypertension and to have had a multiple 
first pregnancy, a Caesarean section, a preterm first birth, 
IUFD, and gestational diabetes during their first pregnancy. 
However, they were significantly less likely to live in social 
deprivation (13.7% vs 20.8%).

Aspirin initiation rates depended greatly on the severity 
(mild/severe) and the timing (early/late) of pre-eclampsia 
during their first pregnancy (Table 2). Specifically, only 
27.8% of women who had mild and late pre-eclampsia had 
received prescribed aspirin at least once during their second Fig. 1  Flow chart. ACS acute coronary syndrome

Table 1  Characteristics according to prescribed dispensing of aspirin

IUFD intra-uterine foetal death, PE pre-eclampsia, SD standard deviation, WG weeks of gestation

At least one dispensing of aspirin Total

No Yes p-value

(N=16,068) (N=12,399) (N=28,467)

N % N % N %

Characteristics at the beginning of the 2nd pregnancy
Mean age (SD) (years) 30.0 5.0 31.0 4.7 <0.0001 30.5 4.9
Social deprivation 3338 20.8 1693 13.7 <0.0001 5031 17.7
Obesity 1935 12.0 1392 11.2 0.0336 3327 11.7
Diabetes 265 1.7 231 1.9 0.1716 496 1.7
Tobacco use 1328 8.3 1067 8.6 0.3046 2395 8.4
Chronic hypertension 2396 14.9 2938 23.7 <0.0001 5334 18.7
Characteristics of the 1st pregnancy
Multiple pregnancy 621 3.9 295 2.4 <0.0001 916 3.2
Caesarean section 7594 47.3 8821 71.1 <0.0001 16415 57.7
Preterm birth (< 37 WG) 3619 22.5 7711 62.2 <0.0001 11330 39.8
IUFD 14 0.1 34 0.3 0.0001 48 0.2
Gestational diabetes 1725 10.7 1101 8.9 <0.0001 2826 9.9
Obstetrical haemorrhage 1407 8.8 1052 8.5 0.4180 2459 8.6
PE subtypes (1st pregnancy) <0.0001
Mild and late PE 11295 70.3 4341 35.0 15636 54.9
Severe and late PE 3522 21.9 4161 33.6 7683 27.0
Mild and early 484 3.0 857 6.9 1341 4.7
Severe and early PE 767 4.8 3040 24.5 3807 13.4
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pregnancy, 24.3% received a first aspirin before 16 WG (87% 
of those who received aspirin), while 11.1% received aspi-
rin before 16 WG and adhered to therapy throughout the 
pregnancy (39.9% of those who received aspirin). On the 
contrary, 79.9% of women who had early and severe pre-
eclampsia during the first pregnancy had received prescribed 
aspirin at least once during their second pregnancy, 73.7% 
received a first aspirin before 16 WG (92.2% of those who 
received aspirin), and 58.6% received it before 16 WG and 
adhered to therapy throughout the pregnancy (73.3% of 
those who received aspirin).

The dispensing of aspirin also depended on social depri-
vation (Supplemental Table 1). Only 33.7% of women living 
in social deprivation received prescribed aspirin at least once 
during their second pregnancy, 27.4% began the treatment 
before 16 WG (81.4% of those who received aspirin), and 
15.0% received their first aspirin before 16 WG and adhered 
to therapy throughout the pregnancy (44.6% of those who 
received aspirin).

Comparing women with mild and late pre-eclampsia 
(Table 3), the adjusted IRRs (95% CI) of being treated with 
aspirin (at least one dispensing) during the second preg-
nancy were 1.94 (1.86–2.03) for women with severe and 
late pre-eclampsia, 2.34 (2.17–2.52) for early and mild pre-
eclampsia, and 2.87 (2.74–3.01) for early and severe pre-
eclampsia. Older maternal age and chronic hypertension 
were also associated with aspirin dispensing during the sec-
ond pregnancy. On the contrary, living in social deprivation 
(aIRR = 0.74 [0.70–0.78]) and having a multiple first preg-
nancy (aIRR = 0.67 [0.59–0.75]) were negatively associated 
with aspirin therapy.

In women who had early and/or severe pre-eclampsia 
during their first pregnancy (N= 12,831), we estimated the 

Table 2  Prescribed dispensing of aspirin during the second pregnancy according to pre-eclampsia subtype during the first pregnancy

PDC proportion of days covered, PE pre-eclampsia, WG weeks of gestation

Dispensing of aspirin during the second pregnancy

At least 1 delivery At least 1 delivery ≤ 16 WG At least 1 delivery ≤ 16 
WG and PDC ≥ 80%

N % N % N %

PE subtype during 1st pregnancy
Mild and late PE 4341 27.8 3792 24.3 1738 11.1
Severe and late PE 4161 54.2 3708 48.3 2195 28.6
Mild and early 857 63.9 780 58.2 573 42.7
Severe and early PE 3040 79.9 2806 73.7 2232 58.6
Total 12,399 43.6 11,086 38.9 6738 23.7

Table 3  Incidence rate ratios of being treated with aspirin during the 
second pregnancy, in women with pre-eclampsia during their first 
pregnancy

CI confidence interval, HT hypertension, IRR incidence risk ratio, PE 
pre-eclampsia
* Adjusted for all characteristics of the first pregnancy and the charac-
teristics at the beginning of the second pregnancy

At least 
one aspirin 
dispensing

IRR (95% CI) of receiving aspirin 
during the second pregnancy

N % Crude Fully-adjusted

According to the characteristics at the beginning of the 2nd preg-
nancy

Maternal age
< 20 years 76 19.7 0.49 (0.39–0.61) 0.60 (0.48–0.75)
[20–30] 5273 40.2 Ref Ref
[30–40] 6660 47.2 1.18 (1.13–1.22) 1.13 (1.09–1.17)
≥ 40 years 390 46.6 1.16 (1.05–1.29) 1.08 (0.97–1.19)
Social deprivation 1693 33.7 0.74 (0.70–0.78) 0.74 (0.70–0.78)
Obesity 1392 41.8 0.96 (0.90–1.01) 0.96 (0.91–1.02)
Diabetes 231 46.6 1.07 (0.94–1.22) 1.01 (0.89–1.15)
Tobacco use 1067 44.6 1.03 (0.96–1.09) 1.03 (0.96–1.09)
Chronic HT 2938 55.1 1.35 (1.29–1.40) 1.16 (1.11–1.21)
Multiple pregnancy 295 32.2 0.73 (0.65–0.82) 0.67 (0.59–0.75)
Gestational dia-

betes
1101 39.0 0.88 (0.83–0.94) 0.92 (0.86–0.98)

Gestational hyper-
tension

1551 46.8 1.08 (1.03–1.14) 0.93 (0.88–0.98)

Mild and late PE 4341 27.8 Ref Ref
Severe and late PE 4161 54.2 1.95 (1.87–2.04) 1.94 (1.86–2.03)
Mild and early PE 857 63.9 2.30 (2.14–2.48) 2.34 (2.17–2.52)
Severe and early 

PE
3040 79.9 2.88 (2.75–3.01) 2.87 (2.74–3.01)
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crude and adjusted IRRs of having pre-eclampsia during the 
second pregnancy according to whether they received aspi-
rin therapy (Table 4, crude results in supplemental Table 2). 
Aspirin therapy was not associated with a lower risk of mild 
and late pre-eclampsia, severe and late pre-eclampsia, or 
mild and early pre-eclampsia during the second pregnancy, 
irrespective of treatment adherence and the mean daily dose. 
On the contrary, receiving prescribed aspirin at least once 
was associated with a statistically significant lower risk of 
severe and early pre-eclampsia during the second pregnancy 
(aIRR = 0.77 [0.62–0.95]). The risk of early and severe pre-
eclampsia was even lower when aspirin was initiated before 
16 WG (aIRR = 0.71 [0.57–0.89]), and in women who 
adhered to treatment throughout their pregnancy (aIRR = 
0.60 [0.47–0.77]). Aspirin therapy was not associated with 
a lower risk of any pre-eclampsia subtype when the mean 
daily dose was < 100 mg. In contrast, a mean daily dose ≥ 
100 mg was associated with a lower risk of severe and early 
pre-eclampsia (aIRR= 0.67 [0.53–0.85]). Social depriva-
tion was associated with a significantly higher risk of pre-
eclampsia recurrence (IRR = 1.24 [1.12–1.36]).

4  Discussion

In this nationwide real-world study, it was found that the 
rates of initiation of aspirin therapy and adherence during a 
second pregnancy in women with a history of pre-eclamp-
sia, were largely insufficient, especially in those living with 
social deprivation. Moreover, the latter sub-group was less 

likely to initiate treatment before 16 WG (the recommended 
timeframe). In women with severe or early pre-eclampsia 
during their first pregnancy, aspirin treatment during the sec-
ond pregnancy was associated with a lower risk of severe 
and early pre-eclampsia. This effect was statistically sig-
nificant only when the mean daily dose was ≥ 100 mg and 
therapy was initiated before 16 WG.

According to 2008 French guidelines [17], women with 
early or severe pre-eclampsia during their first pregnancy 
should receive low-dose aspirin during subsequent pregnan-
cies to prevent the risk of pre-eclampsia recurrence. Other 
national and international guidelines recommend this pre-
vention action irrespective of the timing and severity of the 
first pre-eclampsia [14]. In our study, only 54% of women 
with severe pre-eclampsia during their first pregnancy 
received prescribed aspirin at least once during their sec-
ond pregnancy, and less than one-third adhered to therapy 
throughout the pregnancy. These rates were higher in women 
with early pre-eclampsia. Unsurprisingly, women whose first 
pre-eclampsia was mild and late were unlikely to initiate 
aspirin (27.8%) during their second pregnancy, since this 
indication was not recognised by French guidelines; then 
again, these figures may be higher in countries where differ-
ent guidelines apply. Better diffusion of guidelines among 
physicians and better medical surveillance of at-risk women, 
especially those living in social deprivation, could improve 
these rates. In a randomised controlled trial, Wright et al 
found that 86% of women had good adherence to aspirin 
therapy during their pregnancy (≥ 80% days covered) [20]. 
Our results suggest that real-world adherence could be well 

Table 4  Adjusted incidence risk ratios (aIRR) of developing pre-eclampsia during the  2nd pregnancy according to aspirin use, in women with 
early and/or severe pre-eclampsia during the  1st pregnancy

The IRRs were estimated using Poisson regression models adjusted for the characteristics of the first and second pregnancies. This analysis was 
performed in women with early and/or severe pre-eclampsia during the  1st pregnancy, as this was the only indication for aspirin treatment in 
French guidelines
IRR incidence risk ratio, PDC proportion of days covered (by aspirin), PE pre-eclampsia, WG weeks of gestation

Mild and late PE dur-
ing the 2nd pregnancy 
(N = 1143)

Severe and late PE dur-
ing the 2nd pregnancy  
(N = 632)

Mild and early PE dur-
ing the 2nd pregnancy  
(N = 209)

Severe and early PE 
during the 2nd preg-
nancy (N = 463)

Total PE during the 2nd 
pregnancy (N = 2,447)

N aIRR N aIRR N aIRR N aIRR N adjusted IRR

Aspirin purchases
No aspirin 378 Ref 213 Ref 64 Ref 155 Ref 810 Ref
At least one 765 1.06 (0.92–1.22) 419 0.98 (0.82–1.18) 145 0.92 (0.67–1.27) 308 0.77 (0.62–0.95) 1637 0.98 (0.90–1.08)
≤ 16 WG 691 1.04 (0.90–1.20) 365 0.94 (0.78–1.14) 131 0.92 (0.66–1.27) 267 0.71 (0.57–0.89) 1454 0.93 (0.85–1.01)
≤ 16 WG and 

PDC ≥ 80%
500 1.08 (0.92–1.27) 266 0.96 (0.78–1.19) 91 0.84 (0.59–1.21) 175 0.60 (0.47–0.77) 1032 0.93 (0.86–1.01)

Mean daily dose
No aspirin 378 Ref 213 Ref 64 Ref 155 Ref 810 Ref
0–75 mg/j 213 1.02 (0.86–1.21) 113 0.95 (0.75–1.20) 41 1.04 (0.70–1.55) 108 1.10 (0.85–1.41) 475 1.03 (0.92–1.16)
75–100 mg/j 176 1.05 (0.87–1.26) 98 1.01 (0.79–1.29) 31 0.93 (0.60–1.45) 59 0.77 (0.56–1.04) 364 0.99 (0.87–1.12)
≥ 100 mg/j 376 1.03 (0.88–1.21) 208 0.99 (0.81–1.22) 73 0.86 (0.60–1.23) 141 0.67 (0.53–0.85) 798 0.95 (0.85–1.05)
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below this figure. Poor initiation and adherence rates rep-
resent a loss of opportunity for both women and children, 
resulting in an excess number of avoidable maternofoetal 
complications. This is particularly unfortunate, given the 
extensive evidence of the safety of low-dose aspirin during 
pregnancy, with no significant impact on the foetus and only 
a 6% excess risk of post-partum haemorrhage [13].

Besides the severity and the timing of the first pre-
eclampsia, our results showed that older maternal age and 
chronic hypertension were also associated with aspirin ther-
apy during the second pregnancy. Although not recognised 
as a therapeutic indication by French guidelines, these two 
conditions are known to be risk factors of pre-eclampsia. In 
2016, Bartsch et al reported that chronic hypertension was 
the second most important risk factor for pre-eclampsia after 
previous pre-eclampsia [25]. Consequently, many interna-
tional and national guidelines recommend that women with 
chronic hypertension receive aspirin to prevent pre-eclamp-
sia [14].

Women living in social deprivation were 26% less likely 
to receive aspirin than those not living in social deprivation. 
Moreover, a complementary analysis found that deprived 
women who received aspirin were less adherent and initiated 
treatment later in the pregnancy. The latter result is an issue 
of concern which must be tackled, since socioeconomic 
status is also a risk factor of pre-eclampsia recognised by 
experts [15]. It may reflect the lack of medical follow-up of 
these women during pregnancy, less access to healthcare, 
and a lower health literacy level [26, 27]. It most probably 
does not reflect the costs involved, as aspirin is a low-cost 
drug and is fully reimbursed in France. Efforts should there-
fore be made to improve the medical follow-up of socially 
deprived women during their pregnancy, in order to reduce 
social inequalities in health (Supplemental Table 1). Moreo-
ver, women who experience pre-eclampsia should receive 
adequate information about their higher risk of recurrence 
and of later cardiovascular disease, during their postpartum 
stay [26, 28, 29].

In our study, women with pre-eclampsia during a multiple 
first pregnancy were also less likely to be treated with aspirin 
during their second pregnancy. Clinicians may be aware that 
pre-eclampsia in multiple pregnancies is a particular subtype 
of pre-eclampsia, mainly the result of a placental ischaemia 
linked to feto-placental inadequacy, and has a lower risk of 
recurrence [30].

Our result showed that the risk of early and/or severe 
pre-eclampsia recurrence was lower in women treated with 
aspirin, which is consistent with findings from previous 
studies and especially clinical trials. In a meta-analysis 
of randomised controlled trials, Roberge et al found that 
when aspirin was initiated at ≤ 16 WG, the risk of pre-
eclampsia and severe pre-eclampsia was significantly 
lower, and that there was a dose-response effect [10]. In 

another meta-analysis, the same authors reported that 
aspirin was associated with a lower risk of preterm pre-
eclampsia, but not term pre-eclampsia [9]. This effect was 
found only when aspirin was initiated at ≤ 16 WG and 
at a mean daily dose ≥ 100 mg. The trials cited above 
were performed in different populations and with differ-
ent protocols (in terms of treatment indication, aspirin 
dose, definition of outcomes, etc.), hence the discrepan-
cies between the meta-analyses. The validation of these 
results in real-world population-based studies is therefore 
valuable to assess the relevance and the effectiveness of 
treatment guidelines for the prevention of pre-eclampsia.

Our study focused on the prevention of pre-eclampsia 
recurrence using low-dose aspirin therapy in women who 
had early or severe pre-eclampsia during their first preg-
nancy, since this has been the only indication for aspirin 
therapy recognised by the French college of obstetrics and 
gynaecology in 2008 [17]. In these women, aspirin was asso-
ciated with a lower risk of severe or early pre-eclampsia—
but not of late and mild pre-eclampsia—only when initiated 
before 16 WG. This finding reflects the pathophysiology of 
pre-eclampsia and the pharmacological action of aspirin. 
Two phenotypes of pre-eclampsia are commonly described: 
an early-onset form, which results from poor placentation, 
and a late-onset form, which is more related to maternal 
factors [31, 32]. Given that aspirin was found elsewhere to 
improve trophoblast function by modulating the produc-
tion of cytokines and inhibiting antiangiogenic factors, one 
can understand why it mainly reduces the risk of early pre-
eclampsia [33].

We found a lower risk of early and severe pre-eclampsia 
only when the mean daily dose was ≥ 100 mg. This is an 
important finding since the recommended dose of aspirin 
varies greatly between national and international guidelines 
and it still a cause for debate. For instance, the World Health 
Organization and the American College of Obstetricians and 
Gynaecologists recommend a daily dose 75 mg and 81 mg, 
respectively, while the European Societies of Cardiology 
(ESC) and Hypertension (ESH) recommend a daily dose of 
100 or 160 mg [18].

Our study has several strengths. Its population-based 
design, made possible by the use of France’s national med-
ico-administrative database SNDS, enabled us to exhaus-
tively identify all women who had pre-eclampsia during 
their first pregnancy and who had a second pregnancy in 
France between 2010 and 2018. A previous report high-
lighted that the identification of pre-eclampsia in the SNDS 
is accurate, with a sensitivity of 83% [34]. Thanks to this 
research approach, our study included a much larger popu-
lation than clinical trials and meta-analyses on this topic to 
date. Accordingly, our study has excellent statistical power 
in terms of exploring the impact of aspirin on pre-eclamp-
sia recurrence according to aspirin dosage, the moment of 
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initiation, and adherence to therapy. We were also able to 
assess the rate of aspirin dispensing, and the factors associ-
ated receiving prescribed aspirin in women with pre-eclamp-
sia during their first pregnancy.

The study also has limitations. First, because of its obser-
vational nature, associations found between aspirin therapy 
and pre-eclampsia may be subject to an indication bias. 
Nonetheless, the fact that our results were consistent with 
those of clinical trials to date leads us to believe that the 
adjustment performed on the models was sufficient to avoid 
such bias. Second, we assumed that all dispensed aspirin 
was taken by women; however, some medication boxes may 
have been lost or patients may have simply stopped taking 
medication before the end of their pregnancy. Neverthe-
less, aspirin dispensing is a better indicator of treatment 
intake than prescription or questionnaires; the PDC method 
is regarded as a gold standard to assess medication adher-
ence in cohort studies, for it easily summarises adherence 
over a study period [24]. Third, as aspirin is an inexpensive 
drug in France, some women may have bought it without 
prescription. Such purchases would therefore not have been 
reimbursed and consequently not identified in our analysis. 
Moreover, we did not know the indication aspirin; it may 
have been prescribed for other indications than prior pre-
eclampsia such as antiphospholipid antibodies syndrome. 
Finally, our results on the association between low-dose 
aspirin therapy and a lower risk of pre-eclampsia recurrence 
apply only to the second pregnancy since we did not study 
subsequent pregnancies.

5  Conclusion

Aspirin therapy initiation and adherence levels to prevent 
recurrent pre-eclampsia were largely insufficient in France, 
especially in women living in social deprivation. This rep-
resents a loss of opportunity for these women and their chil-
dren. In women with severe or early pre-eclampsia during 
their first pregnancy, initiating aspirin before 16 WG during 
their second pregnancy was associated with a 40% lower risk 
of severe and early pre-eclampsia recurrence. This observa-
tional result needs to be confirmed by further randomised 
controlled trials. Progress still needs to be made to limit the 
immediate and long-term burden of pre-eclampsia, espe-
cially given the growing evidence that pre-eclampsia is a 
major risk factor of long-term cardiovascular diseases.
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