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Abstract

Background

Preterm birth is the leading cause of neonatal morbidity and mortality. The recurrence
rate of spontaneous preterm birth is high, and additional preventive measures are
required. Our objective was to assess the effectiveness of low-dose aspirin compared to
placebo in the prevention of preterm birth in women with a previous spontaneous preterm
birth.
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Methods and findings

We performed a parallel multicentre, randomised, double-blinded, placebo-controlled trial
(the APRIL study). The study was performed in 8 tertiary and 26 secondary care hospitals in
the Netherlands. We included women with a singleton pregnancy and a history of spontane-
ous preterm birth of a singleton between 22 and 37 weeks. Participants were randomly
assigned to aspirin 80 mg daily or placebo initiated between 8 and 16 weeks of gestation
and continued until 36 weeks or delivery. Randomisation was computer generated, with allo-
cation concealment by using sequentially numbered medication containers. Participants,
their healthcare providers, and researchers were blinded for treatment allocation. The pri-
mary outcome was preterm birth <37 weeks of gestation. Secondary outcomes included a
composite of poor neonatal outcome (bronchopulmonary dysplasia, periventricular leuko-
malacia > grade 1, intraventricular hemorrhage > grade 2, necrotising enterocolitis > stage
1, retinopathy of prematurity, culture proven sepsis, or perinatal death). Analyses were per-
formed by intention to treat.

From May 31, 2016 to June 13, 2019, 406 women were randomised to aspirin (n=204)
or placebo (n=202). A total of 387 women (81.1% of white ethnic origin, mean age 32.5 +
SD 3.8) were included in the final analysis: 194 women were allocated to aspirin and 193 to
placebo. Preterm birth <387 weeks occurred in 41 (21.2%) women in the aspirin group and
49 (25.4%) in the placebo group (relative risk (RR) 0.83, 95% confidence interval (Cl) 0.58
to 1.20, p=0.32). In women with >80% medication adherence, preterm birth occurred in 24
(19.2%) versus 30 (24.8%) women (RR 0.77, 95% CI1 0.48 to 1.25, p=0.29). The rate of the
composite of poor neonatal outcome was 4.6% (n=9) versus 2.6% (n=5) (RR 1.79, 95%
Cl1 0.61t0 5.25, p=0.29). Among all randomised women, serious adverse events occurred
in 11 out of 204 (5.4%) women allocated to aspirin and 11 out of 202 (5.4%) women allo-
cated to placebo. None of these serious adverse events was considered to be associated
with treatment allocation. The main study limitation is the underpowered sample size due to
the lower than expected preterm birth rates.

Conclusions

In this study, we observed that low-dose aspirin did not significantly reduce the preterm birth
rate in women with a previous spontaneous preterm birth. However, a modest reduction of
preterm birth with aspirin cannot be ruled out. Further research is required to determine a
possible beneficial effect of low-dose aspirin for women with a previous spontaneous pre-
term birth.

Trial registration
Dutch Trial Register (NL5553, NTR5675) https://www.trialregister.nl/trial/5553.

Author summary

Why was this study done?

» Complications of preterm birth are the leading cause of neonatal morbidity and mortal-
ity worldwide.
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o As spontaneous preterm birth has a multifactorial etiology, different preventive mea-
sures, in addition to, e.g., progesterone, may be needed depending on the underlying
cause in individual cases.

o Due to the partially similar pathophysiology of uteroplacental ischemia between sponta-
neous preterm birth and preeclampsia, it has been suggested that low-dose aspirin may
also prevent spontaneous preterm birth.

What did the researchers do and find?

o We performed a multicentre, randomised, double-blinded, placebo-controlled trial
including 387 women with a singleton pregnancy and a previous spontaneous preterm
birth of a singleton.

« Women were allocated to aspirin 80 mg or placebo starting between 8 and 16 weeks of
gestation and continued until 36 weeks of gestation.

o The preterm birth rate was slightly lower in the aspirin group (21.2%) as compared to
the placebo group (25.4%), especially among women with good adherence to medica-
tion (19.2% in the aspirin group versus 24.8% in the placebo group). These differences
were not statistically significant.

What do these findings mean?

o The study sample was too small to draw firm conclusions on the effectivity of low-dose
aspirin for the prevention of spontaneous preterm birth, and, therefore, we do not rec-
ommend implementation of low-dose aspirin for this indication at this time.

o Further research is necessary to evaluate the possible beneficial effect of low-dose aspirin
on the prevention of spontaneous preterm birth.

Introduction

Worldwide approximately 15 million preterm births occur each year, which accounts for 9%
to 12% of all live births [1]. Complications of preterm birth are the leading cause of perinatal
mortality and mortality among children younger than 5 [2]. Surviving neonates are at
increased risk for several short-term and long-term morbidities such as neurodevelopmental
and cognitive impairment [3-5].

Approximately 65% of preterm births has a spontaneous onset following contractions or
the rupture of membranes [6]. The strongest risk factor for spontaneous preterm birth is a pre-
vious spontaneous preterm birth, with a recurrence rate of up to 30% to 35% in singleton preg-
nancies [7]. Even when preventive measures such as progesterone are applied, many women
will deliver preterm again in subsequent pregnancies [8]. Additional preventive strategies are,
therefore, urgently needed.

Low-dose aspirin has been proven effective for the prevention of preeclampsia and has also
shown to reduce the overall rate of preterm birth [9,10]. In earlier studies, the reduction of pre-
term birth following the use of low-dose aspirin was attributed to a reduction of medically
indicated preterm birth related to preeclampsia. Due to the partially similar pathophysiology
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of uteroplacental ischemia between spontaneous preterm birth and preeclampsia, it has been
suggested that low-dose aspirin may also prevent spontaneous preterm birth. Secondary analy-
ses of randomised controlled trials and a large individual patient data meta-analysis of women
at risk for preeclampsia have indeed shown evidence that low-dose aspirin may reduce sponta-
neous preterm birth [11-13]. To the best of our knowledge, no trials have evaluated aspirin in
a high-risk population of women with a history of spontaneous preterm birth.

The aim of the present study is to assess the effectiveness of low-dose aspirin in comparison
with placebo in preventing preterm birth when initiated in early pregnancy in a high-risk pop-
ulation of women with a previous spontaneous preterm birth.

Methods
Study design

The low-dose aspirin in the prevention of recurrent spontaneous preterm Labour (APRIL)
study was a multicentre, randomised, double-blinded, placebo-controlled trial comparing
aspirin 80 mg daily to placebo for the prevention of recurrent preterm birth in a high-risk pop-
ulation of women with a previous spontaneous preterm birth. We conducted the trial in 8 ter-
tiary and 26 secondary care hospitals in the Netherlands within the Dutch Consortium for
Healthcare Evaluation and Research in Obstetrics and Gynaecology (NVOG Consortium).
Ethics approval was obtained from the Medical Research Ethics Committee from the Amster-
dam Medical Center (no. 2015_332) and by the boards of all participating centres. The trial
was registered in the Dutch Trial Register (NL5553, NTR5675). The study protocol has been
published [14]. Minor changes to the study protocol were made before completion of the trial
(S1 Appendix). This study is reported as per the Consolidated Standards of Reporting Trials
(CONSORT) checklist (S2 Appendix) [15].

Participants

Women >18 years were eligible for participation when they had a singleton pregnancy
between 8 and 16 weeks of gestation and had a previous spontaneous preterm birth of a single-
ton between 22 and 37 weeks of gestation. Spontaneous preterm birth was defined as preterm
birth following spontaneous contractions with intact membranes or preterm birth after spon-
taneously ruptured membranes. Exclusion criteria were other indications for aspirin adminis-
tration (determined at the discretion of the healthcare providers in the participating centres),
thrombocytopenia or thrombocytopathy, and major fetal malformations in the current preg-
nancy or a previous pregnancy ending in spontaneous preterm birth.

Randomisation and masking

Eligible women were recruited by healthcare providers or research nurses/midwives and were
given written information about the trial. Written informed consent was obtained from all
participants. Women were randomised in a 1:1 ratio using random permuted blocks of sizes 2
and 4 without stratification or minimisation. We used ALEA, a web-based interface that dis-
plays the allocation from a computer-generated randomisation sequence. Participants, their
healthcare providers, and researchers were blinded for treatment allocation. Allocation
deblinding of the research team was performed after the completion of data collection.

Intervention

Women were allocated to aspirin 80 mg or matched placebo. Tablets were manufactured,
packaged, and labelled by Ace Pharmaceuticals in the Netherlands. Placebo and aspirin tablets
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were identical with respect to size, appearance, and physical properties. Medication containers
were of identical appearance, sealed, and numbered sequentially according to the allocation
sequence. Study medication was stored at the trial pharmacy of Amsterdam University Medi-
cal Centers, location Academic Medical Center (AMC). After randomisation, women were
prescribed the study medication, which was then distributed to the participant’s preferred
address. Treatment was initiated between 8 and 16 weeks of gestation and was continued until
36 weeks or delivery, if delivery occurred earlier. Women were instructed to take 1 tablet a
day, preferably in the evening. Other preventive interventions for the prevention of preterm
birth, such as progesterone, cerclage, or pessary, could be used alongside the study.

Outcomes

The primary outcome was preterm birth >16 and <37 weeks of gestation. Furthermore, we
assessed preterm birth rates <34 and <28 weeks of gestation. Preterm birth was subdivided
into spontaneous and indicated preterm birth. Secondary perinatal outcomes were gestational
age at birth, preterm prelabour rupture of membranes (with delivery <37 weeks of gestation),
midtrimester fetal loss (16™° to 21*° weeks of gestation), mode of birth, postpartum hemor-
rhage, birth weight, and small for gestational age (<10th centile) [16]. Secondary neonatal out-
comes included a composite of poor neonatal outcome containing bronchopulmonary
dysplasia, periventricular leucomalacia > grade 1, intraventricular hemorrhage > grade 2,
necrotising enterocolitis > stage 1, retinopathy of prematurity, culture-proven sepsis, and peri-
natal death. The components of the composite of poor neonatal outcome were also analysed
separately. Other neonatal outcomes were the number and days of hospital admissions or
admissions to the neonatal intensive care unit (NICU). Maternal secondary outcomes included
mortality, gestational diabetes, pregnancy-induced hypertension, preeclampsia/hemolysis, ele-
vated liver enzymes, and low platelets (HELLP) syndrome, eclampsia, pulmonary edema,
thromboembolic disease, placental abruption, vaginal bleeding, other bleeding, gastrointestinal
complaints, hospital admissions (total number of days and number of admissions for vaginal
bleeding or threatened preterm labour), course of steroids for fetal lung maturity, tocolytic
therapy, and interventions during pregnancy (progesterone, cerclage, pessary, bacterial vagi-
nosis treated with antibiotics, and urinary or genital tract infections treated with antibiotics).
Definitions of the secondary outcomes are provided in S3 Appendix. We used the core out-
comes for research concerning interventions to prevent preterm birth [17].

Serious adverse events were defined as congenital anomalies or events that resulted in
maternal, fetal, or neonatal death; were life threatening; required hospitalisation (for complica-
tions that were not inherent to pregnancy); resulted in persistent or significant disability or
incapacity; or any other serious or unexpected adverse event.

Data collection and medication adherence

Gestational age was determined by first trimester ultrasound according to the Dutch national
guidelines [18]. Participants and their infants were followed up until 3 months from the
expected date of delivery. Maternal characteristics; medical and obstetrical histories; and
pregnancy, birth, and neonatal outcomes were recorded in an electronic case report form.
Participants received diaries to track their medication use and to report possible side effects
from the medication. Symptoms were scored from 0 (no imposition) to 5 (severe imposi-
tion). In addition, participants were requested to return leftover study medication to the hos-
pital for pill counts. We calculated medication adherence by dividing the number of used
tablets by the expected number of doses per participant. Good adherence was defined as
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tablet intake of >80%. A detailed description of the medication adherence calculation is pro-
vided in S4 Appendix.

Statistical analysis

In the sample size calculation, we estimated that aspirin could potentially reduce the recurrent
preterm birth rate from 36% to 23%, which is a reduction of 35%. We calculated that enroll-
ment of 384 women was needed (2-sided o. = 0.05, B = 80%). Taking into account 5% loss to
follow-up, the target enrollment number was 406 women: 203 in each treatment arm.

A statistical analysis plan was developed and finalised before deblinding of treatment alloca-
tion (S5 Appendix). No changes were made in the planned analyses. We performed analyses
by intention to treat. For dichotomous outcomes, treatment effects within the aspirin group
were quantified as relative risks (RRs) as calculated by generalised linear regression analysis
using a log link. The corresponding 95% confidence intervals (Cls) and p-values were also pre-
sented. When there were <5 events for a variable, Fisher exact test was used to calculate the p-
value instead of the generalised linear regression model. For outcomes with multiple catego-
ries, we performed a chi-squared test. For visually normally distributed continuous outcomes,
we calculated mean differences with the corresponding 95% Cls and p-values by using the
independent samples ¢ test. For highly skewed continuous outcomes, medians and interquar-
tile ranges were calculated together with the 95% Cls and differences in medians. We reported
the p-value from the Mann-Whitney U test. No covariates were adjusted for in the analyses.
For the primary outcome, Bayes factor analysis was conducted using an RR of 0.64 as prior
(based on the assumptions given in the sample size calculation) and a normal distribution for
the hypothesis under test.

Prespecified subgroup analyses were conducted by adding an interaction term and testing
for its statistical significance. The prespecified subgroup analyses were gestational age at ini-
tiation of treatment (8" to 11*° weeks versus 12" to 16"° weeks); progesterone prophylaxis
versus no progesterone; cervical length (<25 mm versus >25 mm); gestational of the earliest
previous spontaneous preterm birth (<30+0 weeks versus 30" to 33*° weeks and 34*° to
36" weeks); and the onset of the earliest previous spontaneous preterm birth (spontaneous
contractions versus preterm prelabour rupture of membranes). We also performed a pre-
specified sensitivity analysis of the primary outcome, including women with >80% adher-
ence with medication. The cumulative incidence of preterm birth according to treatment
group was illustrated in a Kaplan-Meier plot. Statistical analyses were performed in SPSS
version 26.0 and SAS version 9.4. We used a 2-sided p-value of 0.05. No corrections were
made for multiple comparisons. An external Data Safety and Monitoring Committee moni-
tored safety after every 100th inclusion. No interim analyses for efficacy were performed.
The planned economic analysis as described in the protocol paper will be reported elsewhere
[14].

Patient and public involvement

The trial was designed in cooperation with the Dutch association for parents with a preterm
born child (Care4Neo), and they fully endorsed the research proposal upon submission to
ZonMw, the funding organisation. For outcome measures, we used the core outcome set for
evaluation of interventions to prevent preterm birth, which was developed in collaboration
with patient representatives [17]. We plan to disseminate the results to study participants and
patient organisations such as Care4Neo.
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Results

A total of 406 women were randomised from May 31, 2016 to June 13, 2019. Follow-up was
completed on March 27, 2020 (Fig 1). The exact number of screened women and women who

declined participation is unknown, as participating centres were not allowed to collect and

share these data according to the Dutch privacy regulations. After randomisation, we excluded
4 women with terminations of pregnancy due to genetic abnormalities (2 in the aspirin group
versus 2 in the placebo group), 5 with major congenital anomalies (2 versus 3), and 10 women
were ineligible (6 versus 4). Women were ineligible if they were included based on a midtrime-
ster fetal loss <22 weeks of gestation (n = 6), if the previous preterm birth concerned multiple

406 enrolled

A 4

406 randomised

v

204 assigned to
aspirin (80 mg daily)

1 received additional aspirin 80 mg (160

mg total) after randomisation due to
thrombocytosis

3 did not start treatment
1 fetal loss
2 women’s preference

22 discontinued treatment
1 fetal loss
2 terminations of pregnancy
10 women’s preference
0 vaginal bleeding
1 side-eftects
1 serious adverse event
2 threatened preterm labour
5 other

A

A 4

204 completed
follow-up

10 excluded from analysis
2 terminations of pregnancy
6 ineligible
2 major congenital anomalies

A

A 4

194 included in
intention-to-treat
analysis

v

202 assigned to
placebo

\ 4

7 did not start treatment
1 termination of pregnancy
6 women’s preference

37 discontinued treatment
0 fetal losses
1 termination of pregnancy
17 women’s preference
2 vaginal bleeding
5 side-effects
0 serious adverse events
5 threatened preterm labour
7 other

A 4

202 completed
follow-up

9 excluded from analysis
2 terminations of pregnancy
4 ineligible
3 major congenital anomalies

\ 4

193 included in
intention-to-treat
analysis

Fig 1. Trial profile.
https://doi.org/10.1371/journal.pmed.1003892.9001
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gestations (n = 2) or a child with congenital anomalies (n = 1), or if women had another indi-
cation for aspirin at baseline (1 = 1). A total of 387 women were included in the final analysis:
194 were allocated to aspirin and 193 to placebo. The inclusions per participating centre are
illustrated in S1 Table.

The median gestational age at randomisation was 13> weeks (IQR 12*" to 15*°) in the aspi-
rin group and 137® weeks (IQR 117 to 15"") in the placebo group. Baseline characteristics
between treatment groups were comparable regarding maternal characteristics and maternal
medical history (Table 1). The rate of women with 1 or more previous midtrimester fetal losses
was higher in the aspirin group (n = 14, 7.2%) than in the placebo group (n = 2, 1.0%). These
women had multiple preterm births, as a history of a spontaneous preterm birth >22 weeks of
gestation was an inclusion criterion. Additionally, women in the aspirin group more often had
a history of cervical surgery, a history of uterine surgery, and a positive family history of pre-
term birth.

Median gestational age at initiation of study medication was 14*° (IQR 13" to 15*°) for
women allocated to aspirin and 15*" (IQR 12*° to 16*°) for women allocated to placebo (S2
Table). Medication adherence was >80% in 63.3% of women, <80% in 11.1%, and unknown
in 25.6%. There were no differences in medication adherence between study groups.

Preterm birth <37 weeks of gestation occurred in 41 (21.1%) women allocated to aspirin
and in 49 (25.4%) women allocated to placebo (RR 0.83, 95% CI 0.58 to 1.20, p = 0.32)

(Table 2). The Bayes factor was 0.97, indicating no strong evidence of difference between
arms. In the prespecified sensitivity analysis including women with good adherence (>80%) to
medication, preterm birth <37 weeks of gestation occurred less frequent in the aspirin group
(24 women, 19.2%) as compared to the intention-to-treat population, while the preterm birth
rate in the placebo group remained approximately the same (30 women, 24.8%). The differ-
ence between treatment groups was not statistically significant (RR 0.77, 95% CI 0.48 to 1.25,
p =0.29). There was no difference in total, spontaneous, or indicated preterm birth <37 weeks
of gestation between women allocated to aspirin or placebo. The cumulative percentages of
women with a preterm birth <37 weeks of gestation did not differ (log-rank p = 0.36) between
treatment groups (Fig 2). Preterm prelabour rupture of membranes occurred in 9 (4.6%)
women receiving aspirin and in 18 (9.3%) receiving placebo (RR 0.50, 95% CI 0.23 to 1.08,

p =0.077). There were no differences between treatment groups for gestational age at birth,
preterm birth <34 and <28 weeks of gestation, mode of delivery, postpartum hemorrhage,
and small for gestational age neonates.

The composite poor neonatal outcome occurred in 9 (4.6%) neonates in the aspirin group
and 5 (2.6%) in the placebo group (RR 1.79, 95% CI 0.61 to 5.25, p = 0.29) (Table 3). There
were no significant differences between the separate components of the composite outcome. A
total of 6 deaths occurred in the aspirin group: 2 fetal losses diagnosed around 16 weeks of ges-
tation (of which one had not started medication yet), 2 midtrimester fetal losses (18" and 21**
weeks), and 2 extreme preterm births (24" and 25* weeks). There were 2 deaths in the pla-
cebo group, which were both midtrimester fetal losses (22*° and 23™* weeks). There were no
differences in length of NICU or hospital admissions until 3 months corrected neonatal age.
Additional neonatal outcomes can be found in S3 Table.

There were no differences in the incidence of maternal hypertensive disorders, other mor-
bidities, or hospital admissions during pregnancy between treatment groups (Table 4). More
women in the aspirin group received a cerclage during pregnancy (n = 25, 12.9%) compared to
the placebo group (n =11, 5.7%) (RR 2.26, 95% CI 1.15 to 4.47, p = 0.019). The use of other
preventative measures for preterm birth and maternal self-reported symptoms were similar
between treatment groups. Additional data on maternal self-reported symptoms can be found
in S1 Fig.
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Table 1. Baseline characteristics according to treatment group.

Aspirin (n = 194)

Placebo (n =193)

Age (years)-mean (SD)

32.8 (£3.9)

32.3 (£3.6)

Body mass index (kg/mz)—median (IQR)

23.8 (21.6 t0 26.7)

23.7 (21.510 26.9)

Ethnic origin

White 154/182 (84.6%) | 160/185 (86.5%)
Other origins 28/182 (15.4%) 25/185 (13.5%)
Education
Low® 4/108 (4.7%) 6/86 (7.0%)
Middle and highb 82/108 (95.3%) 80/86 (93.0%)
Smoking
Yes 11/189 (5.8%) 10/189 (5.3%)
Quit 12/189 (6.3%) 11/189 (5.8%)
No 166/189 (87.8%) | 168/189 (88.9%)
Alcohol 1/187 (0.5%) 5/187 (2.7%)
Method of conception
Natural 180 (92.8%) 172/192 (89.6%)
IUI and/or ovulation induction 8 (4.1%) 10/192 (5.2%)
IVEF/ICSI 6 (3.1%) 10/192 (5.2%)
Maternal medical history
Diabetes mellitus 2 (1.0%) 4 (2.1%)
Gestational diabetes 11 (5.7%) 10 (5.2%)
Renal disease 4(2.1%) 2 (1.0%)
Inflammatory bowel disease 2 (1.0%) 0 (0%)
Thyroid disease 11 (5.7%) 7 (3.6%)
Chronic hypertension 3 (1.5%) 3(1.6%)
Systemic lupus erythematosus 2 (1.0%) 0 (0%)
Cardiac disease 3(1.5%) 7 (3.6%)
Obstetric history
Parity
1 132 (68.0%) 140 (72.5%)
2 43 (22.2%) 42 (21.8%)
>3 19 (9.8%) 11 (5.7%)

Number of previous spontaneous preterm births (22*° to 37°)

1

175 (90.2%)

177 (91.7%)

>2 19 (9.8%) 16 (8.3%)
Number of midtrimester fetal losses (16*° to 21*°)

1 13 (6.7%) 2 (1.0%)

>2 1(0.5%) 0 (0%)
Number of therapeutic abortions

1 9 (4.6%) 10 (5.2%)

>2 4 (2.0%) 7 (3.6%)

Number of miscarriages and ectopic pregnancies (<16°)

1

45 (23.2%)

43 (22.3%)

>2

28 (14.4%)

28 (14.5%)

Risk factors for preterm birth

History of cervical surgery (conisation/LLETZ) 13/191 (6.8%) 7/190 (3.7%)
History of uterine surgery (e.g., myomectomy) 6/191 (3.1%) 2/191 (1.0%)
Cerclage in previous pregnancy 13 (6.7%) 12 (6.2%)
(Continued)
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Table 1. (Continued)

Aspirin (n = 194) | Placebo (n = 193)

Uterus anomaly 7/173 (4.0%) 4/168 (2.4%)
Family history (mother/sister) of preterm birth 8/95 (8.4%) 6/105 (5.7%)
Short interpregnancy interval (<6 months from last pregnancy to 16 (8.2%) 13 (6.7%)
conception)
Gestational age at randomisation-median (IQR) 13*° (12" to 13*° (11%° to
1 5+0) 15" 1)
Fetal sex (girl) 98/192 (51.0%) 89/193 (46.2%)

“Primary school, prevocational secondary education (VMBO in Dutch).

“Senior general secondary education (HAVO in Dutch), preuniversity secondary education (VWO in Dutch),
secondary vocational education (MBO in Dutch), higher professional education (HBO in Dutch), and university
education (WO in Dutch).

ICSI, intracytoplasmic sperm injection; IUI, intrauterine insemination; IVF, in vitro fertilisation; LLETZ, large loop

excision of the transformation zone.

https://doi.org/10.1371/journal.pmed.1003892.t001

Among all randomised women, serious adverse events occurred in 11 (5.4%) women allo-
cated to aspirin and 11 (5.4%) women in the placebo group. There were no differences between
treatment groups (S4 Table). None of these serious adverse events was considered to be associ-
ated with treatment allocation by the research team.

Prespecified subgroup analyses (S5 Table) demonstrated that there was a significant inter-
action between allocated treatment and the gestational age of the previous preterm birth
(p = 0.042). In women with a previous preterm birth <30 weeks of gestation, preterm birth
occurred in 19.2% (15/78) of those allocated to aspirin and 32.6% (28/86) of those allocated to
placebo (RR 0.59, 95% CI 0.23 to 1.02, p = 0.059). There were no significant differences
between treatment groups among women with a previous preterm birth at 30 weeks of gesta-
tion or later. No effect modification was found in subgroups based on the initiation of treat-
ment, the use of progesterone, cervical length at asymptomatic screening, and the onset of the
(earliest) previous spontaneous preterm birth.

Discussion

In this multicentre, randomised, double-blinded, placebo-controlled trial including women
with a previous spontaneous preterm birth <37 weeks of gestation of a singleton, the use of
low-dose aspirin (80 mg) initiated from 8 to 16 weeks until 36 weeks of gestation did not sig-
nificantly reduce the risk of a recurrent preterm birth of a singleton. The preterm birth rate
was lower in the aspirin group compared to the placebo group, and, interestingly, the risk dif-
ference between treatment groups increased in women with good adherence to study medica-
tion. The treatment effect, however, still did not reach statistical significance. Given the lower
than expected preterm birth rates, the present study was underpowered to assess the treatment
effect related to preterm birth.

Preterm birth is a heterogeneous syndrome with multiple possible underlying pathophysio-
logic mechanisms [19]. Therefore, it is implausible that a single preventive measure will be
able to prevent all preterm births. The administration of aspirin might be beneficial to a subset
of women at risk. Subgroup analysis of the present study suggests that women with a previous
spontaneous preterm birth <30 weeks of gestation might benefit more from low-dose aspirin
prophylaxis than women with a spontaneous preterm birth later on in pregnancy, which could

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003892 February 1, 2022 10/18


https://doi.org/10.1371/journal.pmed.1003892.t001
https://doi.org/10.1371/journal.pmed.1003892

PLOS MEDICINE

Low-dose aspirin for the prevention of spontaneous preterm birth

Table 2. Birth outcomes according to allocated treatment group.

Aspirin (n = 194) Placebo (n =193) RR?/Mean difference” p-value
(95% CI)

Preterm birth <37 weeks of gestation 41 (21.2%) 49 (25.4%) 0.83 (0.58 to 1.20) 0.323
Spontaneous onset of preterm birth 39 (20.1%) 46 (23.8%) 0.84 (0.58 to 1.23) 0.376
Indicated preterm birth 2 (1.0%) 3 (1.6%) 0.66 (0.11 to 3.93) 0.685°

Preterm birth <37 weeks of gestation in women with >80% 24/125 (19.2%) 30/121 (24.8%) 0.77 (0.48 to 1.25) 0.291

adherence to therapy

Preterm prelabour rupture of membranes (delivery <37 9 (4.6%) 18 (9.3%) 0.50 (0.23 to 1.08) 0.077

weeks of gestation)

Gestational age at birth (weeks + days)-median (IQR) 3871 (37! to 39™) (95% CI 38" (36" to 39%2) (95% CI - 0.964

37"°t0 38" 370 38"

Time between randomisation and birth (weeks + days)-mean 23% (+4*1) 24%1 (3% -0 (-1 to 0*%) 0.604

(£SD)

Preterm birth <34 weeks 18 (9.3%) 17 (8.8%) 1.05 (0.56 to 1.98) 0.872
Spontaneous onset of birth 18 (9.3%) 16 (8.3%) 1.12 (0.59 to 2.13) 0.732
Indicated 0(0%) 1(0.5%) - -

Preterm birth <28 weeks 7 (3.6%) 5(2.6%) 1.39 (0.45 to 4.31) 0.566
Spontaneous onset of birth 7 (3.6%) 5(2.6%) 1.39 (0.45 to 4.31) 0.566
Indicated 0 (0%) 0 (0%) - -

Midtrimester fetal loss (16™° to 21™° weeks) 2 (1.0%) 0 (0%) - -

Mode of birth
Spontaneous vaginal birth 154 (79.4%) 154 (79.8%) 1.00 (0.90 to 1.10) 0.920
Assisted vaginal birth 10 (5.2%) 6 (3.1%) 1.66 (0.62 to 4.47) 0.318
Cesarean delivery 30 (15.5%) 33 (17.1%) 0.90 (0.58 to 1.42) 0.663

Postpartum hemorrhage
>500 mL 50/192 (26.0%) 51/188 (27.1%) 0.96 (0.69 to 1.34) 0.811
>1,000 mL 18/192 (9.4%) 13/188 (6.9%) 1.36 (0.68 to 2.69) 0.383

Birth weight (g)-mean (+SD) 3,046 (£752) 3,109 (+724) —63.6 (—211.5 to 84.3) 0.398

Small for gestational age (<10th centile) 16/193 (8.3%) 15 (7.8%) 1.07 (0.54 to 2.10) 0.851

*RRs and the corresponding p-values were calculated using generalised linear regression analysis.

Mean differences and the corresponding p-values were calculated using the independent samples ¢ test.

“Due to the occurrence of <5 events, Fisher exact test was used to calculate the p-value.

CI, confidence interval; IQR, interquartile range; RR, relative risk; SD, standard deviation.

https://doi.org/10.1371/journal.pmed.1003892.t002

be a reflection of a different underlying cause of the preterm birth. Based on placental histolog-
ical abnormalities, inflammatory causes of preterm birth are predominant among extreme pre-
term births before 28 weeks of gestation, gradually shifting to the predominance of placental
insufficiency in later preterm births [20]. The possible stronger treatment effect of low-dose
aspirin among women with a previous extreme preterm birth could indicate that low-dose
aspirin may prevent certain subtypes of preterm birth through its anti-inflammatory

properties.

There was a higher rate of adverse neonatal outcome in the aspirin group, mainly due to a

higher mortality rate. The deaths included midtrimester fetal losses and extreme preterm
births related to cervical insufficiency and intrauterine inflammation and 2 fetal losses diag-
nosed at 16 weeks of gestation. These deaths are inherent to the study population, and it seems
unlikely that they are related to the treatment received. Previous reviews and meta-analyses
did not find an increased perinatal mortality rate in women using aspirin for the prevention of

preeclampsia [9,21].
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26— — Aspirin allocation

24— —— Placebo allocation log-rank p = 0.362 (

22 —e— Death in aspirin group [

Death in placebo group [

Cumulative percentage of preterm birth
=
]

Gestational age (weeks)

Completed weeks of gestation 16 18 20 22 24 26 28 30 32 34 36

Aspirin 0 0 1 0 2 1 1 4 6 9 14
Placebo 0 0 0 2 2 1 0 3 9 19 13

Aspirin 194 192 191 190 190 187 185 184 180 174 165
Placebo 193 193 193 193 191 189 188 188 185 176 157

No. with event

No. at risk

Fig 2. Kaplan-Meier curve for the cumulative incidence of preterm birth.

https://doi.org/10.1371/journal.pmed.1003892.g002

Considering the dose-dependent effect of aspirin, the nonsignificant effect in our study
could also be the result of a relatively low dose of aspirin. In the field of preeclampsia, there is
some indirect evidence indicating aspirin >100 mg might be superior to doses <100 mg when
started <16 weeks of gestation [22].

Secondary analyses of previous aspirin trials consistently reported lower rates of spontane-
ous preterm birth <37 weeks of gestation in the aspirin group compared to the control group
with corresponding effect sizes ranging between 0.51 and 0.97 [11,12,23]. An individual partic-
ipant data meta-analysis including 27,510 women at risk for preeclampsia also found a lower
risk of spontaneous preterm birth <37 weeks of gestation (RR 0.93, 95% CI 0.86 to 0.996) in
women using antiplatelet agents, mostly aspirin [13]. These results are in line with our find-
ings. Therefore, we believe that our findings support the hypothesis that aspirin might be effec-
tive for the prevention of spontaneous preterm birth, even though our treatment effect did not
reach statistical significance.

The ASPIRIN trial was the first randomised controlled trial evaluating the effect of aspirin
with preterm birth as primary outcome [10]. They included 11,976 nulliparous women in low-
and middle-income countries and found a reduction in preterm birth rate <37 and <34 weeks
of gestation in the aspirin group. They did not distinguish between spontaneous and indicated
preterm birth. As there were no differences in the principal causes of indicated preterm birth,
they presumed that their results might reflect a reduction in spontaneous preterm birth.
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Table 3. Neonatal outcomes according to treatment group.

Aspirin (n = 194) Placebo (n =193)

Composite poor neonatal outcome 9 (4.6%) 5 (2.6%)
Mortality 6 (3.1%) 2 (1.0%)
BPD 1(0.5%) 3 (1.6%)
PVL > grade 1 0 (0%) 0 (0%)
IVH > grade 2 1(0.5%) 0 (0%)
NEC > stage 1 1(0.5%) 0 (0%)
Retinopathy of prematurity 1(0.5%) 2 (1.0%)
Culture proven sepsis 4(2.1%) 2 (1.0%)
Mortality
Fetal death 4(2.1%) 2 (1.0%)
Neonatal death 2 (1.0%) 0 (0%)
Any hospital admission for neonatal indication 80 (74.8%) 84 (73%)
Total days in hospital until 3 months corrected age-median 4(2t013) (95% CI3to6) | 5(2to14) (95% CI 3 to
(IQR)™ 7)
NICU admissions 13 (6.7%) 11 (5.7%)
Total days in the NICU until 3 months corrected age-median 12 (410 46) (95% CI2to | 7 (2to58) (95% CI 2 to
(IQR)™ 54) 82)

*Of those neonates with an admission.

"RRs and the corresponding p-values were calculated using generalised linear regression analysis.
“The corresponding p-value was calculated using the Mann-Whitney U test.

9Due to the occurrence of <5 events, Fisher exact test was used to calculate the p-value.

*Of those neonates with an admission.

(o))
1.79 (0.61 to 5.25)
2.99 (0.61 to 14.60)
0.33 (0.04 to 3.16)

0.50 (0.05 to 5.44)
1.99 (0.37 to 10.74)

1.99 (0.37 to 10.74)

1.02 (0.88 to 1.20)
-1

1.18 (0.54 to 2.56)
5

RR"/ Difference in medians® (95% | p-value

0.288
0.2844
0.3724

0.623¢
0.4244

0.6854

0.770
0.755

0.683
0.560

BPD, borderline personality disorder; CI, confidence interval; IQR, interquartile range; IVH, intraventricular hemorrhage; NEC, necrotising enterocolitis; NICU,

neonatal intensive care unit; PVL, Panton-Valentine leukocidin; RR, relative risk; SD, standard deviation.

https://doi.org/10.1371/journal.pmed.1003892.t003

Furthermore, they found a significant reduction in stillbirth 16 to 20 weeks of gestation and

perinatal mortality.

In contrast to other studies, the ASPRE trial did not find a decreased risk of spontaneous
preterm birth in women taking aspirin to prevent preeclampsia [24]. The study population
was selected based on a screening algorithm for preeclampsia. Even though there is some over-
lap in the underlying pathophysiologic mechanism between preterm birth and preeclampsia,
the population at risk for preeclampsia probably differs from the population at risk for sponta-

neous preterm birth.

To the best of our knowledge, this is the first trial assessing the effect of aspirin for the pre-
vention of preterm birth as the primary outcome in a high-risk population with a previous
spontaneous preterm birth. The trial was well conducted and had no loss to follow-up and was
of high quality owing to its double-blinded, placebo-controlled design and multicentre setting.

The main limitation of our study was the sample size, which was underpowered. Our calcula-
tion was based on a preterm birth recurrence rate of 35%, which was, in fact, around 25%. The
recurrence rate was based on Meis and colleagues assessing the effect of progesterone on pre-
term birth [8], and the potential RR reduction of 36% was estimated from the average treat-

ment effect of aspirin in other pregnant populations. The second issue that should be

addressed is the randomisation procedure. Despite proper randomisation, imbalances between

treatment groups have occurred for some important baseline risk factors. No irregularities
occurred in randomisation and masking, and, therefore, the randomisation imbalances are
based on chance. The baseline imbalances were all in favour of the placebo group, indicating
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Table 4. Maternal outcomes according to treatment group.

Aspirin (n = 194) Placebo (n=193) RR"/ Difference in medians® (95% p-value
CI)
Maternal mortality 0 (0%) 0 (0%) - -
Maternal morbidity
Gestational diabetes 15 (7.7%) 15 (7.8%) 1.00 (0.50 to 1.98) 0.988
Pregnancy-induced hypertension 4(2.1%) 5(2.6%) 0.80 (0.22 to 2.92) 0.751¢
Preeclampsia/HELLP syndrome 2 (1.0%) 2 (1.0%) 1.00 (0.14 to 6.99) 1.000¢
Eclampsia 0 (0%) 0 (0%) - -
Pulmonary edema 0 (0%) 0 (0%) - -
Thromboembolic disease 0 (0%) 0 (0%) - -
Placental abruption 0 (0%) 2 (1.0%) - -
Maternal self-reported symptoms (moderate to severe)
Vaginal bleeding 5/106 (4.7%) 7/116 (6.0%) 0.78 (0.26 to 2.39) 0.666
Other bleeding® 17/106 (16.0%) 12/115 (10.4%) 1.54 (0.77 to 3.01) 0.222
Gastrointestinal complaints 14/105 (13.3%) 19/115 (16.5%) 0.81 (0.43 to 1.53) 0.510
Days of hospital admission during pregnancy for any reason-median | 2 (1to 3) (95% CI1to | 2 (1to2)(95% CI 1 to - 0.709
(IQR) 2) 2)
Hospital admissions for vaginal bleeding during pregnancy 10 (5.2%) 9 (4.7%) 1.11 (0.46 to 2.66) 0.823
Hospital admissions for threatened preterm labour during pregnancy 33 (17.0%) 41 (21.2%) 0.80 (0.53 to 1.21) 0.291
Course of steroids for fetal lung maturity 22/193 (11.4%) 32/192 (16.7%) 0.68 (0.41 to 1.13) 0.140
Tocolytic therapy 19 (9.8%) 28 (14.5%) 0.67 (0.39 to 1.16) 0.154
Interventions during pregnancy
Progesterone 136 (70.1%) 129 (66.8%) 1.05 (0.92 to 1.20) 0.490
Cerclage 25 (12.9%) 11 (5.7%) 2.26 (1.15 to 4.47) 0.019
Pessary 1(0.5%) 2 (1.0%) 0.50 (0.05 to 5.44) 0.6234
Bacterial vaginosis treated with antibiotics 12 (6.2%) 21 (10.9%) 0.57 (0.29 to 1.12) 0.104
Urinary tract or genital infections treated with antibiotics 6(3.1%) 15 (7.8%) 0.40 (0.16 to 1.00) 0.051

*Types of bleeding: anal bleeding, epistaxis, prolonged wound bleeding, or gingival bleeding.

PRRs and the corresponding p-values were calculated using generalised linear regression analysis.

“The corresponding p-value was calculated using the Mann-Whitney U test.

9Duye to the occurrence of <5 events, Fisher exact test was used to calculate the p-value.

CI, confidence interval; HELLP, hemolysis, elevated liver enzymes, and low platelets; IQR, interquartile range; RR, relative risk; SD, standard deviation.

https://doi.org/10.1371/journal.pmed.1003892.t004

that the aspirin group had a higher baseline risk of preterm birth, which could have potentially

biased results and diminished a possible treatment effect.

The present evidence does not support the implementation of low-dose aspirin for the pre-
vention of spontaneous preterm birth; however, a modest effect of low-dose aspirin cannot be
excluded. To evaluate the possible beneficial effect of low-dose aspirin for the prevention of
spontaneous preterm birth, we encourage researchers to perform large placebo-controlled tri-
als in different populations at risk, e.g., women with a previous spontaneous preterm birth
(e.g., before 30 weeks of gestation) and nulliparous women. In light of current discussions on
the optimal dose of aspirin, these trials should consider including 3 treatment arms: placebo,
aspirin 75 to 80 mg, and aspirin 150 mg. As adherence to medication plays an important role
in the clinical treatment effect of aspirin [25,26], detailed recording of medication adherence
in such trials is required, and efforts should be made to enhance women’s adherence. Further-
more, these trials should include short- as well as long-term outcomes to evaluate treatment
effect and safety [27,28].
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In conclusion, the present trial did not show a significant reduction of recurrent preterm
birth of a singleton in women who used low-dose aspirin (80 mg) from 8 to 16 weeks until 36
weeks of gestation compared to placebo. A modest effect of aspirin, or an effect in a subset of
women (e.g., with a previous early preterm birth), cannot be excluded with the current study.
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