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BACKGROUND: This trial aimed to assess the efficacy, acceptability, and safety of a first-trimester screen-and-prevent strategy
for preterm preeclampsia in Asia.

METHODS: Between August 1, 2019, and February 28, 2022, this multicenter stepped wedge cluster randomized trial included
maternity/diagnostic units from 10 regions in Asia. The trial started with a period where all recruiting centers provided
routine antenatal care without study-related intervention. At regular 6-week intervals, one cluster was randomized to transit
from nonintervention phase to intervention phase. In the intervention phase, women underwent first-trimester screening for
preterm preeclampsia using a Bayes theorem-based triple-test. High-risk women, with adjusted risk for preterm preeclampsia
>1in 100, received low-dose aspirin from <16 weeks until 36 weeks.

RESULTS: Overall, 88.04% (42897 of 48725) of women agreed to undergo first-trimester screening for preterm preeclampsia.
Among those identified as high-risk in the intervention phase, 82.39% (2919 of 3543) received aspirin prophylaxis. There
was no significant difference in the incidence of preterm preeclampsia between the intervention and non-intervention phases
(adjusted odds ratio [aOR], 1.59 [95% ClI, 0.91-2.77]). However, among high-risk women in the intervention phase, aspirin
prophylaxis was significantly associated with a 41% reduction in the incidence of preterm preeclampsia (aOR, 0.59 [95%
Cl, 0.37-0.92]). In addition, it correlated with 54%, 55%, and 64% reduction in the incidence of preeclampsia with delivery
at <34 weeks (aOR, 0.46 [95% ClI, 0.23-0.93]), spontaneous preterm birth <34 weeks (aOR, 0.45 [95% Cl, 0.22-0.92)),
and perinatal death (aOR, 0.34 [95% Cl, 0.12-0.91]), respectively. There was no significant between-group difference in the
incidence of aspirin-related severe adverse events.

CONCLUSIONS: The implementation of the screen-and-prevent strategy for preterm preeclampsia is not associated with a
significant reduction in the incidence of preterm preeclampsia. However, low-dose aspirin effectively reduces the incidence
of preterm preeclampsia by 41% among high-risk women. The screen-and-prevent strategy for preterm preeclampsia is
highly accepted by a diverse group of women from various ethnic backgrounds beyond the original population where the
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strategy was developed. These findings underpin the importance of the widespread implementation of the screen-and-

prevent strategy for preterm preeclampsia on a global scale.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT03941886.
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Clinical Perspective
What Is New?

» Aspirin prophylaxis effectively reduces the inci-
dence of preterm preeclampsia by 41% among
high-risk women.

* Low-dose aspirin is considered a safe intervention
during pregnancy.

* The screen-and-prevent strategy for preterm pre-
eclampsia is highly accepted by a diverse group of
women from various ethnic backgrounds beyond
the original population for which the strategy was
developed.

What Are the Clinical Implications?
» The screen-and-prevent strategy for preterm pre-
eclampsia can be implemented on a global scale.

Nonstandard Abbreviations and Acronyms

aOR adjusted odds ratio

ASPRE Combined Multimarker Screening
and Randomised Patient Treatment
With Aspirin for Evidence-Based
Preeclampsia Prevention

FMF Fetal Medicine Foundation

MAP mean arterial pressure

MoM multiples of the median

PIGF placental growth factor

SGA small for gestational age

sPTB spontaneous preterm birth

UtA-PI uterine artery pulsatility index

tisystem hypertensive disorder that affects 2% to

5% of all pregnant women worldwide.? In Asia, it
has been reported that the incidence of preeclampsia
is approximately 2%.2 It is the second leading cause of
maternal mortality (149%), accounting for approximately
63 000 maternal deaths annually worldwide.* Preeclamp-
sia can be classified into early, preterm, late, and term

Preeclampsia is a serious pregnancy-specific mul-
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preeclampsia based on the gestational age at delivery:
<34,<37,>34, and 237 weeks of gestation, respectively.
These classifications are essential because of the vary-
ing adverse pregnancy outcomes associated with each
category.5® Evidence has consistently shown that early
or preterm preeclampsia is associated with an increased
risk of severe pregnancy complications, including fetal
growth restriction; low birth weight; preterm birth; placen-
tal abruption; hemolysis, elevated liver enzymes, and low
platelet count (HELLP) syndrome; and stillbirth, com-
pared to late or term preeclampsia.® '® Given the severity
of the disorder, it is important to provide effective early
screening and prevention for preterm preeclampsia.

The ASPRE trial (Combined Multimarker Screening
and Randomised Patient Treatment With Aspirin for
Evidence-Based Preeclampsia Prevention), which pre-
dominantly involved White populations, reported a 62%
(95% Cl, 26%-80%) reduction in the incidence of pre-
term preeclampsia among high-risk women receiving
daily aspirin prophylaxis at 150 mg, compared with those
who received placebo, after first-trimester screening
using the Fetal Medicine Foundation (FMF) combined
test.'” On the basis of the results of the ASPRE trial, this
screen-and-prevent strategy for preterm preeclampsia
has been endorsed and recommended by several key
professional organizations for clinical practice.>'®22 We
already prospectively validated the first-trimester FMF
triple test in an independent cohort of 10935 single-
ton pregnancies from China, Hong Kong SAR, India,
Japan, Taiwan, Thailand, and Singapore.?® This test
combines maternal characteristics and history, mean
arterial pressure (MAP), uterine artery pulsatility index
(UtA-PI), and PIGF (placental growth factor). We have
demonstrated that the FMF triple test could achieve a
detection rate of 64.0% for preterm preeclampsia at
a 10% false-positive rate.”® These results are compa-
rable with previously published findings for East Asians
from the FMF.2*?5 Before the widespread adoption of
the European-derived screen-and-prevent strategy for
preterm preeclampsia, the next step is to conduct an
implementation trial in an independent cohort. This
effort is crucial to demonstrate that this strategy can
be widely implemented across the world. Therefore,
the aim of the present trial was to evaluate the effi-
cacy, acceptability, and safety of the aforementioned
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first-trimester screen-and-prevent strategy for preterm
preeclampsia in Asia.

METHODS

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Study Design
This was a multicenter stepped wedge cluster randomized trial
conducted between August 1, 2019, and February 28, 2022.
Screening centers were organized into clusters, each con-
taining approximately an equal number of pregnant women.
These clusters included maternity/diagnostic units from Hong
Kong SAR, Mainland China, Taiwan, Singapore, Thailand, the
Philippines, Indonesia, Malaysia, Vietnam, and Japan (Table
S1). The formation of clusters was based on the homogeneity
of the trial populations. A staggered schedule was followed to
implement the intervention over many time periods (Figures
S1 and S2). The stepped wedge design started with a period
where routine antenatal care was provided with no study-
related intervention at all recruiting centers. Subsequently, at
regular 6-weekly intervals, 1 cluster was randomized to transit
from a nonintervention phase to an intervention phase. During
the intervention phase, first-trimester screening for preterm
preeclampsia using the Bayes theorem-based triple test was
performed.® For women with an adjusted risk for preterm pre-
eclampsia >1 in 100, low-dose aspirin treatment was initiated
from <16 weeks until 36 weeks, or until delivery or the onset
of preeclampsia before 36 weeks.®

Approval for the trial was obtained from the Joint Chinese
University of Hong Kong—New Territories East Cluster clinical
research ethics committee (ref. No. 2018.391) in Hong Kong
and the ethics committee of each participating hospital in other
regions. The trial is registered with https://www.clinicaltrials.
gov (Unique identifier: NCT03941886).

Participants

Women >18 years of age with a viable singleton pregnancy
at 11-13%® weeks of gestation who consented to participate
were screened for preterm preeclampsia using maternal char-
acteristics and history combined with maternal MAP, UtA-P|,
and PIGF. Exclusion criteria included multiple pregnancies,
major fetal defects identified at 11—13* weeks of assessment,
nonviable fetus (missed spontaneous miscarriage or stillbirth),
or those under other clinical interventions. All eligible women
received written information describing the trial, and those who
agreed to participate gave written informed consent.

Randomization and Masking

The recruiting centers formed the units of cluster randomiza-
tion. An independent statistician conducted randomization
using anonymous cluster codes. All clusters were randomly
assigned different starting times for the intervention phase
based on computer-generated random numbers. Each cluster’s
random start date for the intervention phase was concealed
until 3 weeks before the commencement. No masking was
used because of the nature of the intervention.
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Biomarker Quality Control

During the trial period, anonymized first-trimester screening
maternal and biomarker data (MAP, UtA-PI, and PIGF) were
returned to the quality control team (L.N.-H, D.S.S, and L.C.P.)
for quality assessment every 3 months. At each assessment,
target plots and cumulative sum control charts were generated
for each recruiting center. Biomarker multiples of the median
(MoM) distributions were considered acceptable provided that
the median was within the 0.95 to 1.05 range.?®

First-Trimester Screening Test for Preterm
Preeclampsia

Gestational age was determined from the measurement of the
fetal crown rump length2” Maternal characteristics, medical and
obstetric history, and any history of drug use or substance abuse
were recorded,® and maternal weight and height were mea-
sured. Measurements of MAP, UtA-PI, and PIGF followed well-
established standardized protocols.?%* MAP was measured by
validated automated devices (BP3AQ1 Microlife, Taipei, Taiwan).3*
Transabdominal color Doppler ultrasound imaging was used to
identify the uterine arteries, and pulsed-wave Doppler was used
to measure the left and right UtA-PI, with the average value
recorded®® All operators performing Doppler studies had received
the appropriate Certificate of Competence from the FMF (https://
fetalmedicine.org/). PIGF concentrations were measured by 1 of
3 automated immunoanalyzers: AutoDELFIA or DELFIA Xpress
system (PIGF 1-2-3 kits; Rewity Inc, Waltham, MA), BRAHM.S
KRYPTOR analyzer (Thermo Fisher Scientific, Hennigsdorf,
Germany), or Cobas e411 system (Roche Diagnostics, Rotkreuz,
Switzerland). Risks for preterm preeclampsia were estimated
using the FMF competing risk model by combining maternal fac-
tors with the values of MAP, UtA-PI, and PIGF.22 The preterm pre-
eclampsia risk calculator has been integrated into several software
applications, including Viewpoint, GE HealthCare Technologies Inc
(Chicago, IL), Lifecycle, Rewity Inc (Waltham, MA), and Astraia
Obstetric Module, Astraia GmbH (Munich, Germany).

The measured values of MAP, UtA-PI, and PIGF were con-
verted into MoM values with adjustment for maternal character-
istics, past and current obstetrics history, and immunoanalyzers
using published formulae.®® The central tendency of PIGF and
MAP MoMs distribution was assessed using the initial 400
women screened at each center because our previous study
indicated that the FMF PIGF and MAP MoM formulae did not
resultin a distribution with a median of 1 MoM, as required by the
risk estimation model.?® To address this, at each site, the distribu-
tion of PIGF and MAP MoMs was recentered to have a median
of 1 MoM by applying a biomarker site-specific correction factor.

In the Bayes theorem first-trimester triple test, the risk of
development of preeclampsia increased with advancing mater-
nal age; increasing weight; Black and South Asian racial origin;
medical history of chronic hypertension, diabetes, and systemic
lupus erythematosus or antiphospholipid syndrome; conception
by in vitro fertilization; family history of preeclampsia; maternal
history of preeclampsia; higher MAP MoM; higher UtA-Pl MoM;
and lower PIGF MoM.?2

Intervention
During each cluster intervention period, women with an adjusted
risk =1 in 100 were invited to attend a follow-up visit for further
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counseling about the high-risk status, benefits, and side effects
of aspirin prophylaxis. Those without known bleeding disorders,
active peptic ulcer disease, or hypersensitivity to aspirin were
offered low-dose aspirin at <16 weeks until 36 weeks, or until
delivery or the onset of preeclampsia before 36 weeks.

All aspirin tablets used in the trial are locally registered
products. The regimen of low-dose aspirin depended on mater-
nal weight® High-risk women with a maternal weight <40
kg were offered aspirin at a daily dose of 100 mg, whereas
those with a maternal weight of >40 kg were offered aspirin at
doses of 1560 mg or 160 mg or 162 mg based on the available
preparations at each recruiting center (Table S1). Participants
were provided with a drug diary to record daily aspirin self-
administration and any side effects. Compliance was reported
as the tablet count percentage difference of the total number
of tablets consumed against the total number of tablets pre-
scribed. Adherence was considered good, moderate, and poor
if the reported intake of tablets was >85%, between 50% and
<85%, and <b0%, respectively.'” For those who declined aspi-
rin prophylaxis, follow-up visits continued until delivery. In cases
of hypersensitivity to nonsteroidal anti-inflammatory drugs, the
potential risk of cross-sensitivity would be explained, and par-
ticipants would choose whether to use aspirin prophylaxis.

Compliance and adverse events were assessed during
follow-up visits at 19 to 24, 30 to 34, and 35 to 37 weeks
of gestation and during telephone interviews at 16 weeks of
gestation, 28 weeks of gestation, and 30 days after the last
dose of aspirin was taken. Low-risk women were followed up
according to standard local protocols. We reached out to both
the participants and their obstetricians to confirm the use of
aspirin and collect data on pregnancy outcomes for those who
received pregnancy care and delivered elsewhere.

Data Management

All data acquired for first-trimester preeclampsia screen-
ing were stored in a secure, password-encrypted database.
Pregnancy outcome data for both high-risk and low-risk partici-
pants were recorded on paper-based case report forms. These
data included gestational age at delivery, onset of labor, mode
of delivery, indications for iatrogenic delivery, sex and birth
weight of neonate, Apgar scores, neonatal intensive care unit
admission status, hypertensive complications of pregnancy, and
aspirin intake during pregnancy. Single data entry was used
locally. All screening and outcome data were then sent to trial
coordinators (L.N.-H,, L.C.P.) for validation. In cases where infor-
mation was ambiguous, it was returned to the recruiting center
for confirmation or revision before being recorded in our secure
password-encrypted database.

Primary Outcome
The primary outcome measure was delivery with preeclampsia
before 37 weeks of gestation.

Secondary Outcomes

Secondary outcomes were composite adverse outcomes of
pregnancy including preeclampsia, gestational hypertension,
low birth weight <bth percentile, stillbirth, placental abruption
with delivery <34, <37, and 237 weeks of gestation; neonatal
mortality; composite neonatal morbidity including grade Il or
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above intraventricular hemorrhage, neonatal sepsis confirmed
by cultures, neonatal anemia requiring transfusion, respiratory
distress syndrome requiring surfactant and ventilation, and
necrotizing enterocolitis requiring surgical intervention; com-
posite neonatal therapy including neonatal high dependency or
neonatal intensive care unit admission and ventilation—need of
positive pressure or intubation; small for gestational age (SGA)
with different cutoffs of low birth weight percentile: <3rd, <bth
and <10th; stillbirth; spontaneous preterm birth (sPTB) at <34
and <37 weeks of gestation; acceptability for preeclampsia
screening; acceptability for aspirin treatment; and gestational
age at delivery.

Preeclampsia and gestational hypertension were defined
according to the guidelines of the International Society for
the Study of Hypertension in Pregnancy.'® Preeclampsia was
defined as systolic blood pressure 2140 mmHg or diastolic
blood pressure 290 mmHg on >2 occasions measured 4 hours
apart in previously normotensive women, accompanied by >1 of
the following new-onset conditions at or after 20 weeks of ges-
tation: proteinuria, evidence of other maternal organ dysfunc-
tion such as acute kidney injury, liver involvement, elevated liver
enzymes, neurological complications, hematological complica-
tions, or uteroplacental dysfunction.'® SGA neonate was defined
as birth weight <10th, <bth, or <3rd percentile for gestational
age, adjusted for maternal weight and height, past obstetric his-
tory and newborn sex%” sPTB was defined as delivery at <37
weeks of gestation with >1 of the following factors: spontane-
ous onset of labor with intact membranes, preterm premature
rupture of membranes (PPROM), and cervical insufficiency.®®

Sample Size
The sample size calculation was based on the primary outcome
measure, which is the difference in proportions of delivery with
preterm preeclampsia between nonintervention and interven-
tion groups. In total, we recruited 7 clusters for the trial, and
the trial duration was set at 78 weeks (Figures S1 and S2).
Following the method of Hussey and Hughes*® it was deter-
mined that a sample size of 340 participants per cluster per
time interval would allow us to detect a 2.7% difference in
proportions by intervention.'” This calculation assumed a 10%
screen positive rate and an intraclass correlation coefficient of
0.001 (based on pilot data) over 28 time steps, with 80% sta-
tistical power and a 2-sided type 1 error rate of 5%. Accounting
for an anticipated 10% loss to follow-up, it was estimated that
378 participants (25 per working day) were required for each
cluster during a 3-week time interval. Consequently, the total
sample size for the entire trial was projected to be 68 250.
However, the global COVID-19 pandemic significantly
affected recruitment rate. The trial design was adjusted on the
assumption that the recruitment rate was halved. By extend-
ing the intervention phase by 60 weeks (equivalent to 20 time
steps), the aim was to maintain a trial power of ~65%, while
keeping all other assumptions unchanged. Ultimately, a total
of 42897 women participated in the trial. The adjusted step
wedge design is illustrated in Figure 1.

Statistical Analysis

Both intention-to-treat analysis and per-protocol analysis were
conducted. The intention-to-treat analysis was the primary
approach and included all trial participants who took >1 dose of
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aspirin during pregnancy. Per-protocol analysis was conducted
on the primary outcome for participants who demonstrated
>90% compliance with low-dose aspirin prophylaxis. No impu-
tation of missing data values was performed. Histograms were
used to identify any potential outliers in trial outcomes.

Al baseline characteristics were descriptively com-
pared between the nonintervention and intervention phases.
Continuous data were presented as either mean and SD or
median and interquartile range. Categorical data are expressed
as numbers and percentages.

The accuracy of the FMF triple test in the nonintervention
cases was assessed using area under the receiver operating
characteristic curve, calibration, and determining the detec-
tion rate at fixed false-positive rates of 5%, 10%, 15%, and
20%. Calibration during the nonintervention period was also
assessed visually by comparing the observed incidence with the
predicted risk for preterm preeclampsia by the FMF triple test.
To compare the proportion of preterm preeclampsia between
nonintervention and intervention phases, covariate unadjusted
odds ratio and adjusted odds ratio (aOR) were determined. The
odds ratio measuring the association between the intervention
and the outcome was obtained by generalized linear mixed-
effect model analysis (binomial distribution assumed using logit
link function), controlling for covariates of cluster and study
time period only, whereas the aOR was obtained by generalized
linear mixed-effect model analysis controlling for covariates of
cluster, study time periods, and individual-level characteristics.
The cluster and time period effect were respectively treated as
a random-effect term and a fixed-effect term in the models.
The intraclass correlation coefficient was determined by divid-
ing the between-cluster variance by total variance using the
latent variable method.®® The variance terms were estimated by
fitting an unconditional generalized linear mixed-effects model
with only a random intercept for clusters, and the latent vari-
able method approximates the observed binary response by
representing an unobserved thresholded continuous variable.
The 95% Cl and P values were calculated based on the Wald
statistic.

For the secondary outcomes including adverse outcomes
of pregnancy, neonatal death, composite neonatal morbid-
ity, composite neonatal therapy, SGA, and sPTB, both crude
odds ratio and aOR were estimated using the same general-
ized linear mixed-effects model analysis. Acceptability of pre-
eclampsia screening and aspirin prophylaxis were assessed by
the proportions of all eligible women who agreed to undergo
preeclampsia screening and high-risk women who agreed to
commence aspirin prophylaxis, respectively. The acceptability
of preeclampsia screening and aspirin prophylaxis was plot-
ted using cluster bar charts. Safety of low-dose aspirin was
described by the proportions of participants who experienced
aspirin-related adverse side effects (eg, allergic reaction, nau-
sea, vomiting, upper and lower gastrointestinal symptoms, or
pyrexia) during the study period.

A sensitivity analysis was conducted to compare primary
results between the intention-to-treat analysis and the analysis
excluding women who took aspirin for other medical indica-
tions. To identify potential subgroups showing a more favor-
able intervention effect, post hoc subgroup analyses of the
primary and the secondary outcomes were conducted by strati-
fying participants according to the presence or absence of
risk factors: obesity (body mass index >30 kg/m?), diabetes,
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chronic hypertension, family history of preeclampsia, history
of smoking, advanced maternal age >35 years, assisted con-
ception (in vitro fertilization and ovulation induction), nullipar-
ity, and history of preeclampsia. To examine the robustness
of time-varying treatment effect of aspirin prophylaxis on the
preeclampsia outcomes, a post hoc analysis of mixed-effect
Cox proportional-hazards model was applied accounting for
time-dependent covariates of treatment initiation time and end
time, individual-level baseline covariates, fixed-period effect,
and random-cluster effect. Tied survival times in the Cox model
were handled by Efron approximation. Because the subgroup
analyses and post hoc analysis were conducted for exploratory
purposes, adjustments for the inflation of type 1 error because
of the multiple comparisons were not made.

A Pvalue of <0.05 was considered statistically significant.
All analyses were carried out using SAS statistical software
version 9.4.

RESULTS

Between August 1, 2019, and February 28, 2022, a total
of 48 647 women with singleton pregnancies were offered
the first-trimester FMF triple test for preterm preeclamp-
sia screening. Among these women, 5750 (11.82%)
declined the screening. Among the remaining 42897
women, 11828 (27.57%) participated in the noninterven-
tion phase, whereas 31069 (72.43%) women participat-
ed in the intervention phase. During the follow-up period,
an additional 4413 (10.29%) cases were excluded be-
cause of miscarriage (n=339), termination of pregnancy
(n=390), loss to follow-up (n=3241), and withdrawal from
the trial (n=443). As aresult, 10440 (27.13%) women in
the nonintervention phase and 28044 (72.87%) women
in the intervention phase were included for analysis. In the
intervention phase, 3543 (12.63%) women were iden-
tified as high-risk for developing preterm preeclampsia
(Figure 2). Table 1 provides an overview of the baseline
demographic and clinical characteristics of participants
in both the nonintervention and intervention phases. The
number of individuals recruited by week and cluster is
presented in Table S2.

Predictive Performance of First-Trimester
Screening for Preterm Preeclampsia

In the nonintervention cohort, the first-trimester FMF
triple test with MAP, UtA-PI, and PIGF achieved an area
under the receiver operating characteristic curve of
0.890 (95% ClI, 0.851-0.928) and had detection rates
of 62.0%, 70.9%, 77.2%, and 78.5% at 5%, 10%, 15%,
and 20% fixed false-positive rates, respectively, for the
prediction of preterm preeclampsia (Figure S3). On cali-
bration of the model, the intercept was 0.0002, and the
calibration slope was 0.846 (95% CI, 0.842-0.850),
which was close to 1.0 and suggests a good agreement
between the predicted risks and observed incidence of
preterm preeclampsia (Figure S4).
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l:l Non-intervention
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Figure 1. Adjusted step-wedge caused by COVID-19.

Acceptability

Overall, 88.04% (42897 of 48725) of women ac-
cepted undergoing first-trimester screening for pre-
term preeclampsia. Among those identified as high-risk
for developing preterm preeclampsia in the interven-
tion phase, 82.39% (2919 of 3543) received aspirin
prophylaxis (Figure 3). The main reason for declining
aspirin prophylaxis was that some women were already
receiving care in another hospital (28.21%; 176 of
624). In addition, some women chose not to attend the
counseling session for aspirin prophylaxis because of
COVID-19 concerns (16.83%; 105 of 624). Other sig-
nificant reasons for not taking aspirin included concerns
about side effects (15.54%; 97 of 624) and a desire for
more evidence about the benefits of aspirin prophylaxis
(11.54%; 72 of 624; Table Sb). Among the high-risk
women who took aspirin during the intervention phase,
92.63% (2704 of 2919) demonstrated good adher-
ence. A moderate level of adherence was observed in
5.45% (159 of 2919) of participants, whereas 1.92%
(56 of 2919) of participants exhibited poor adherence
(Figure 4).

Efficacy

Primary Outcomes

In the intervention phase of the trial, preterm preeclamp-
sia was observed in 191 of 28044 participants (0.68%),
whereas in the nonintervention phase, it occurred in 79
of 10408 participants (0.76%). However, there was no
difference in the incidence of preterm preeclampsia be-
tween the intervention and nonintervention phases (aOR,
1.69 [95% Cl, 0.91-2.77]; P=0.1083; Table 2).

Among high-risk women in the intervention phase,
aspirin prophylaxis was significantly associated with a
41% reduction in the incidence of preterm preeclampsia
compared with no aspirin treatment (aOR, 0.59 [95% ClI,
0.37-0.92]; P=0.019; Table 3). Furthermore, a reduc-
tion of 48% was observed when aspirin compliance was
>90% (aOR, 0.562 [95% ClI, 0.33-0.82]; P=0.005; Table
S4). A significant reduced risk in preeclampsia was also
observed (adjusted hazard ratio, 0.23 [95% CI, 0.15—

1228 October 15, 2024

0.34]; /<0.001) when time-varying treatment effect of
aspirin prophylaxis was accounted for.

Secondary Outcomes

The aspirin effect on secondary outcomes, quantified as
aOR with 95% Cl, is presented in Table 2 and Table S3.
There was no significant difference observed between
the intervention and nonintervention phases in the inci-
dence of any secondary outcomes.

Among the high-risk women in the intervention
phase, aspirin prophylaxis was associated with a 54%,
54%, 55%, and 76% reduction in the incidence of pre-
eclampsia with delivery at <34 weeks (aOR, 0.46 [95%
Cl, 0.23-0.93]; P=0.032), maternal composite adverse
outcomes with delivery at <34 weeks of gestation (aOR,
0.46 [95% CI, 0.27-0.81]; P=0.007), sPTB at <34
weeks of gestation (aOR, 0.45 [95% CI, 0.22-0.92];
P=0.029), and perinatal death (aOR, 0.34 [95% ClI,
0.12-0.91]; P=0.032), respectively (Table 3). When con-
sidering women with good aspirin compliance of >90%,
the effect size of aspirin increased, showing associations
with preeclampsia with delivery at <34 weeks (aOR,
0.40 [95% CI, 0.19-0.83]; A=0.013), maternal com-
posite adverse outcomes with delivery <34 weeks of
gestation (aOR, 0.39 [95% CI, 0.22-0.70]; ~=0.002),
sPTB at <34 weeks of gestation (aOR, 0.43 [95% ClI,
0.21-0.89]; P=0.023), perinatal death (aOR, 0.32 [95%
Cl, 0.12-0.90]; A~=0.031), and a delayed gestational age
at delivery of 1.32 days (adjusted difference in means,
1.32 [95% ClI, 0.09-2.54]; P=0.035; Table S4).

Safety

Among the high-risk women taking aspirin, the most
commonly reported side effect was dyspepsia or heart-
burn, which affected 1.13% of participants (33 of 2923).
Vaginal bleeding was reported by 0.89% of participants
(26 of 2923; Table S6).

On severe adverse events, in the group of high-risk
women taking aspirin, 3 participants (0.10%) had com-
posite fetal chromosomal abnormalities, and 21 par-
ticipants (0.72%) had fetal structural defects. Among
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Figure 2. Flowchart of population.

the high-risk women who did not take aspirin, no fetal
chromosomal abnormalities were reported, and 4 of
621 (0.64%) had fetal structural defects. In addition, the
incidences of estimated blood loss of 1000 mL during
delivery in high-risk women with and without aspirin were
2.37% (69 of 2919) and 1.44% (9 of 624), respectively.
The between-group difference in the incidence of these
events was not statistically significant (Table S7).

DISCUSSION

This trial, which was conducted in alarge Asian population,
did not show any significant reduction in the incidence of
preterm preeclampsia between the nonintervention and
intervention periods. This lack of significance can be at-
tributed to the underrecruitment because of the negative
impact of the COVID-19 pandemic. In addition, although
the nonintervention phase was implemented in the pre-
pandemic or early stages of the COVID-19 pandemic,

Circulation. 2024;150:1223-1235. DOI: 10.1161/CIRCULATIONAHA.124.069907

the intervention phase was implemented during the criti-
cal period of the COVID-19 outbreak when the number
of affected cases in the community was extremely high.
There is strong evidence suggesting that both asymp-
tomatic and symptomatic COVID-19 infection signifi-
cantly increases the odds of developing preeclampsia by
1.5-fold and 2-fold, respectively.”® Furthermore, severe
COVID-19 has been associated with the development of
a preeclampsia-like syndrome,*" which potentially leads
to an increased incidence of preterm preeclampsia in the
intervention phase. However, we observed that, in the
intervention phase, aspirin prophylaxis was associated
with a significant reduction of 41% to 48% in the inci-
dence of preterm preeclampsia, compared with high-risk
women who did not receive aspirin. The extent of reduc-
tion depended on the level of aspirin compliance. This
result is comparable to the ASPRE trial (aOR, 0.38 [95%
Cl,0.20-0.74]), which was conducted in a mixed Europe-
an population.'”*2 Recent meta-analyses also support the
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Table 1. Maternal and Pregnancy Characteristics
Intervention phase (n=28044)
High-risk with High-risk without Nonintervention
aspirin (n=2919) aspirin (n=624) Low-risk (h=24501) | Total (n=28044) phase (n=10440) P value*
Maternal age, y 33.6+5.33 32.6+5.55 32.01£4.92 32.2+5.00 31.5+5.08 <0.001
Height, cm 158.5+5.71 158.3+5.67 159.3+5.61 159.2+5.62 158.8+5.68 <0.001
Weight, kg 60.8+13.5 59.1+12.2 55.7+9.59 56.3+10.25 55.6+9.88 <0.001
Smoking at conception 99 (3.4%) 12 (1.9%) 488 (2.0%) 599 (2.1%) 142 (1.4%) <0.001
Race and ethnicity
East Asian 2881 (98.7%) 6,13 (98.2%) 24217 (98.8) 27711 (98.8%) 10416 (99.8%) <0.001
Others 38 (1.3%) 11 (1.8%) 284 (1.2%) 333 (1.2%) 24 (0.2%)
Method of conception
Spontaneous 2422 (83.0%) 549 (88.0%) 22491 (91.8%) 25462 (90.8%) 9446 (90.5%) 0.617
In vitro fertilization or ICSI 435 (14.9%) 66 (10.6%) 1657 (6.8%) 2158 (7.7%) 841 (8.1%)
Ovulation induction 62 (2.1%) 9 (1.4%) 353 (1.4%) 424 (1.5%) 153 (1.4%)
Parity
Nulliparous 2069 (70.9%) 446 (71.5%) 12991 (53.0%) 15506 (55.3%) 5829 (55.8%) 0.219
Parous with previous history | 209 (7.2%) 19 (3.0%) 131 (0.5%) 359 (1.3%) 113 (1.1%)
of preeclampsia
Parous without previous 641 (22.0%) 159 (25.5%) 11379 (46.4%) 12179 (43.4%) 4498 (43.1%)
history of preeclampsia
Chronic hypertension 202 (6.9%) 23 (3.7%) 39 (0.2%) 264 (0.9%) 85 (0.8%) 0.252
Type 1 diabetes 14 (0.5%) 2 (0.3%) 24 (0.1%) 40 (0.1%) 6 (0.19%) 0.036
Type 2 diabetes 88 (3.0%) 9 (1.4%) 89 (0.4%) 186 (0.7%) 29 (0.3%) <0.001
Systemic lupus erythematosus | 27 (0.9%) 1 (0.2%) 42 (0.2%) 70 (0.2%) 18 (0.2%) 0.189
Antiphospholipid syndrome 42 (1.4%) 7 (1.1%) 62 (0.3%) 111 (0.4%) 18 (0.2%) 0.001
Family history of preeclampsia | 90 (3.1%) 10 (1.6%) 211 (0.9%) 311 (1.1%) 110 (1.1%) 0.657
Gestational age at screening, d | 87.9+3.80 88.3%3.60 88.1£3.73 87.81£3.82 88.0+3.95 0.029
CRL at screening, mm 61.8+7.63 62.6+7.30 62.317.49 62.2+7.50 62.1+7.96 0.059
MAP MoM 1.097 (1.088-1.170) | 1.081 (1.023-1.142) | 1.002 (0.950-1.061) | 1.012 (0.956-1.075) | 1.000 (0.941-1061) | <0.001
UtA-Pl MoM 1.161 (0.983-1.360) | 1.209 (1.029-1.381) | 0.984 (0.816-1.171) | 1.001 (0.831-1.198) | 1.033 (0.850-1.237) | <0.001
PIGF MoM 0.610 (0.448-0.811) | 0.565 (0.413-0.746) | 1.081 (0.830-1.394) | 1.023 (0.758-1.343) | 0.997 (0.728-1.330) | <0.001
Background PE risk (1:n) 147 (75-220) 173 (105-233) 266 (186-638) 248 (171-559) 249 (173-533) 0.005
Adjusted PE risk (1:n) 50 (26-73) 54 (32-75) 841 (345-2207) 653 (220-1872) 677 (225-1893) 0.256
Gestational age at delivery, d 267.5+13.7 267.7+15.6 272.6+10.5 272.0+11.1 272.6%£11.1 <0.001
Birth weight, g 2897.2+525.7 2924.5+575.4 3130.5+426.2 3101.7+447.9 3114.0+453.5 <0.001
Baby sex
Male 1523 (54.2%) 345 (56.2%) 12359 (51.0%) 14228 (51.4%) 5288 (51.6%) 0.835
Female 1288 (45.8%) 269 (43.8%) 11879 (49.0%) 13437 (48.6%) 4869 (48.4%)

Statistics are presented as meanSD for continuous variables and as n (%) for categorical variables.
*Pvalue: comparison between intervention and nonintervention phases.

CRL indicates crown -rump length; ICSI, Intracytoplasmic sperm injection; MAP MoM, mean arterial pressure multiple of the median; PIGF MoM, placental growth
factor multiple of the median; and UtA-PI MoM, uterine artery pulsatility index multiple of the median.

effectiveness of aspirin prophylaxis when initiated before
16 weeks of gestation at a daily dose of =100 mg.43-46
Our ftrial provides further evidence supporting the
use of aspirin for high-risk women can effectively pre-
vent the occurrence of maternal composite adverse out-
comes, including preeclampsia, gestational hypertension,
SGA, stillbirth, and placental abruption requiring delivery
<34 weeks of gestation, sSPTB <34 weeks of gestation,
and perinatal death.***® These outcomes fall under the
umbrella of great obstetrical syndromes.*®%° It is important

to emphasize that great obstetrical syndromes requiring
delivery at <34 weeks is strongly associated with a signifi-
cant increase in the risks of maternal mortality (odds ratio,
9.7 [95% Cl, 1.3=71.3]), respiratory morbidity (aOR, 21.0
[95% Cl, 15.6—-28.3]), cardiovascular morbidity (aOR, 21.6
[95% CI, 14.0-33.4]), acute renal failure (aOR, 32.1 [95%
Cl, 15.8-64.9])°' and perinatal death or severe neonatal
outcomes (aOR, 16.4 [95% Cl, 14.5—18.6]).52

In addition, we have previously demonstrated the util-
ity of first-trimester combined tests for predicting various
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Figure 3. Acceptability of preeclampsia screening and aspirin prophylaxis for high-risk women in the intervention phase.

conditions individually, including preeclampsia, SGA, sPTB,
and gestational diabetes.2%3-%5 However, further studies are
required to establish an effective first-trimester combined
screening test for the composite outcome great obstetrical
syndromes requiring delivery at <34 weeks. It is also crucial
to explore alternative therapeutic approaches to maximize
the prevention of preterm preeclampsia. There remains a
subset of high-risk women who do not respond to aspirin
and develop preeclampsia. By adopting a precision medicine
approach, we may be able to offer personalized, targeted
prophylaxis options for these women. The high acceptance
rates of the screening test and aspirin prophylaxis for pre-
term preeclampsia among Asian women indicates that
the screen-and-prevent strategy for preterm preeclampsia
can be implemented in different settings across the world.
The use of low-dose aspirin was not associated with an

Aspirin compliance (%)

192 545

m Poor compliance  m Moderate compliance ~ ® Good compliance

Figure 4. Percentage of different groups of aspirin
compliance.
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increased risk of side effects or severe adverse events,
which is in line with the existing literature.'™®

This trial has several strengths. First, this is the first stepped
wedge randomized trial evaluating the clinical applicability of
the screen-and-prevent strategy for preterm preeclampsia
in a completely different population compared to the Euro-
pean cohort where it was originally developed.? Second, the
multicenter stepped wedge design enables assessment
of the real-life performance of screening and prevention
for preterm preeclampsia, taking into consideration various
social-economic factors that can affect the implementation
and effectiveness of the strategy, such as resource settings,
local policies, and the influence of COVID-19 pandemic
measures. In addition, biomarkers were measured using
standardized protocols and subjected to regular quality con-
trol processes. These biomarkers were then converted into
MoMs, and the prediction model was appropriately applied,®
ensuring consistency across different study sites.

However, it is crucial to acknowledge limitations. The
COVID-19 pandemic presented significant challenges
and had a substantial detrimental impact on the trial. At
the beginning of the pandemic, we extensively discussed
whether to continue the trial. Understanding the poten-
tial clinical benefits of administering aspirin prophylaxis
to high-risk women, all site investigators agreed to con-
tinue the trial for as long as possible during the pandemic.
Because of pandemic-related constraints, the intended
sample size of 68 000 pregnant women was not achieved,
resulting in a 20-week trial extension and reduced sta-
tistical power because of a decrease of sample size to
42897. The pandemic-related preventive measures, such
as social distancing, travel restrictions, and fear of face-
to-face contact, adversely affected recruitment rates and
led to a higher rate of loss to follow-up (7.8%) among the
high-risk women. It is also important to note that a small
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Table 2. Comparison of Primary and Secondary Outcomes Between Intervention and Nonintervention Phases

= Intervention phase | Nonintervention Unadjusted OR Adjusted
= (n=28044) phase (n=10440) | (95% CD+ Pvalue | OR (95% Cl)% Pvalue
§ Primary outcome
; Preterm PE ‘ 191 (0.68%) ‘ 79 (0.76%) ‘ 1.50 (0.87-2.58) ‘ 0.140 ‘ 1.59 (0.91-2.77) ‘ 0.103
E Secondary outcomes
E Term PE 422 (1.50%) 164 (1.57%) 1.36 (0.89-2.08) 0.152 1.43 (0.93-2.21) 0.103
PE <34 weeks 61 (0.22%) 29 (0.28%) 1.48 (0.58-3.81) 0.414 1.47 (0.59-3.67) 0.409
Adverse outcomes with delivery at*
<34 weeks of gestation 154 (0.55%) 60 (0.57%) 1.26 (0.65-2.43) 0.497 1.23 (0.63-2.39) 0.543
<87 weeks of gestation | 444 (1.58%) 160 (1.53%) 1.30 (0.88-1.90) 0.183 1.33 (0.90-1.96) 0.150
>37 weeks of gestation 2097 (7.48%) 707 (6.77%) 0.99 (0.82-1.19) 0.893 1.03 (0.84-1.26) 0.773
Perinatal death 86 (0.31%) 27 (0.26%) 2.41 (0.86-6.77) 0.095 2.61 (0.94-7.23) 0.065
Neonatal death 24 (0.09%) 10 (0.10%) 3.87 (0.72-20.8) 0.115 1.98 (0.38-10.5) 0.421
Customized small for gestational age
<83rd percentile 962 (3.43%) 316 (3.03%) 1.04 (0.79-1.37) 0.776 1.11 (0.83-1.48) 0.476
<5th percentile 1400 (4.99%) 485 (4.65%) 0.89 (0.71-1.12) 0.316 0.94 (0.74-1.19) 0.589
<10th percentile 2534 (9.04%) 825 (7.90%) 0.99 (0.83-1.18) 0.883 1.03 (0.86-1.24) 0.707

The statistics are number of subjects with the events (%), where % = total number of subjects with the events/total number of individuals in a specific
group. The intraclass correlation coefficient for the primary outcome was 0.082, which was determined by dividing the between-cluster variance by total vari-
ance using the latent variable method. The variance terms were estimated by fitting an unconditional generalized linear mixed effect model with only a random
intercept for clusters. OR indicates odds ratio; and PE, preeclampsia.

“Adverse outcomes include PE, gestational hypertension, small gestational age (birth weight <6th percentile), stillbirth, and placental abruption.

tUnadjusted OR measuring the association between the intervention and the outcome was obtained by the generalized linear mixed-effect model analysis
(logit linked assumed) controlling for the covariates of cluster and study time period only. Random intercepts were used for the cluster effect. The 95% Cl and
Pvalues were calculated based on the Wald statistic.

$Adjusted OR measuring the association between the intervention and the outcome was obtained by the generalized linear mixed-effect model analysis
(logit linked assumed) controlling for the covariates of cluster, study time period, and individual-level characteristics including maternal age, height, weight,
smoking at conception, ethnicity, method of conception, previous history of preeclampsia, chronic hypertension, type 1 diabetes, type 2 diabetes, systemic lupus
erythematosus, antiphospholipid syndrome, family history of preeclampsia, gestational age at screening, MAP MoM, and UtA-Pl MoM. PIGF MoM and CRL at
screening were also excluded because of a high collinearity. Random intercepts were used for the cluster effect. The 95% Cl and P values were calculated

202 ‘6 Jequiedaq uo Aq Blio'sfeuinofeye//:dny woly pspeojumod

based on the Wald statistic.

percentage of the low-risk women (0.11%; 27 of 24529)
chose to use low-dose aspirin based on recommendations
from private doctors. However, this has had no impact on
the findings. Another limitation is that aspirin compliance
was evaluated using a self-reported method, which can
lead to recall bias, although it is the most commonly used
method.®” Platelet activation and function assays,® as
well as metabolomic analysis,® exist that can provide a
more objective and accurate assessment of direct aspi-
rin adherence. However, high costs, limited reproducibil-
ity, and the need for laboratory expertise limit their use in
clinical studies.%8%° A significant limitation arose because
of the selection of recruiting centers. These centers were
primarily located in relatively larger and more developed
cities in Asia, capable of offering first-trimester clinical
visits. Despite the inherent selection bias, ensuring the
feasibility of the trial remained a priority. In addition, we
acknowledge the potential presence of time-varying treat-
ment effect8€? According to existing evidence,®® aspirin
prophylaxis would take effect when it is initiated between
11 and 15 weeks and completed at 36 weeks. The treat-
ment period is therefore approximately 20 weeks. In this
trial, >90% of high-risk women in the aspirin group have
received at least 20 weeks of aspirin prophylaxis, and
we believe that using the typical immediate treatment

1232 October 15, 2024

effect does not influence our results. Apart from that, we
acknowledge that the intraclass correlation coefficient
of the primary analysis is higher than our assumed value
in sample size based on pilot data (0.082 versus 0.001),
resulting in an underestimation of study power.

In conclusion, our results demonstrate that: (1) the
implementation of the screen-and-prevent strategy for
preterm preeclampsia is not associated with a signifi-
cant reduction in the incidence of preterm preeclampsia,
but in the intervention phase, low-dose aspirin prophy-
laxis effectively reduces the incidence of preterm pre-
eclampsia by 41% among the high-risk women; (2) the
screen-and-prevent strategy for preterm preeclampsia
is highly accepted by a large number of women with dif-
ferent ethnic backgrounds from the original population
where the strategy was developed; and (3) low-dose
aspirin is considered a safe intervention during preg-
nancy. These findings underpin the importance of the
widespread implementation of the screen-and-prevent
strategy for preterm preeclampsia on a global scale.
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Table 3. Comparison of Primary and Secondary Outcomes Between High-Risk Subjects With and Without Using Aspirin in
Intervention Phase

High-risk with aspirin High-risk without Unadjusted OR Adjusted OR
(n=2919) aspirin (n=624) (95% CDI Pvalue | (95% CDf P value
Primary outcome
Preterm PE 107 (3.67%) 31 (4.97%) 0.73 (0.47 to 1.13) ‘ 0.162 ‘ 0.59 (0.37 to 0.92) 0.019
Secondary outcomes

Term PE 173 (5.93%) 33 (5.29%) 1.05 (0.70 to 1.57) 0.812 0.91 (0.60 to 1.38) 0.649
PE <34 weeks 40 (1.37%) 12 (1.92%) 0.67 (0.34 to 1.30) 0.235 0.46 (0.23 to 0.93) 0.032
Adverse outcomes with delivery at*

<34 weeks of gestation 65 (2.23%) 21 (3.37%) 0.59 (0.35 to 1.00) 0.054 0.46 (0.27 to 0.81) 0.007

<37 weeks of gestation 206 (7.06%) 46 (7.37%) 0.91 (0.64t0 1.29) | 0.592 0.80 (0.56 to 1.15) | 0.232

>37 weeks of gestation 572 (19.60%) 100 (16.03%) 1.17 (0.91 to 1.50) 0.210 1.09 (0.85 to 1.42) 0.493
Perinatal death 15 (0.51%) 8 (1.28%) 0.38 (0.15 t0 0.96) | 0.041 0.34 (0.12t0 0.91) | 0.032
Neonatal death 8 (0.27%) 3 (0.48%) 0.56 (0.14 to 2.27) 0.421 0.50 (0.11 to 2.33) 0.378
Composite neonatal morbidityt | 158 (5.419%) 31 (4.97%) 1.02 (0.67 to 1.55) 0.923 0.93 (0.61 to 1.43) 0.745
Composite neonatal therapy# 183 (6.27%) 35 (5.61%) 1.02 (0.69to 1.561) | 0.919 0.94 (0.631t0 1.40) | 0.758
Customized small for gestational age

<8rd percentile 288 (9.87%) 51 (8.17%) 1.16 (0.84 to 1.62) 0.367 1.02 (0.72 to 1.45) 0.897

<5th percentile 379 (12.98%) 71 (11.38%) 1.06 (0.80 to 1.42) 0.682 0.96 (0.71 to 1.30) 0.787

<10th percentile 585 (20.04%) 107 (17.15%) 1.08 (0.85 to 1.38) 0.534 0.99 (0.77 to 1.29) 0.952
Spontaneous preterm birth at

<834 weeks of gestation 34 (1.16%) 14 (2.24%) 0.55 (0.28 to 1.09) | 0.087 0.45 (0.22 t0 0.92) | 0.029

<37 weeks of gestation 156 (5.34%) 41 (6.57%) 0.98 (0.67 to 1.45) 0.932 1.00 (0.67 to 1.49) 0.987
Gestational age at delivery 267.5+13.7 267.7+15.6 0.34 (-0.93 to 1.61) | 0.603 0.92 (-0.32t02.17) | 0.146
(meantSD)§&

The statistics are number of subjects with the events (%), where % = total number of subjects with the events/total number of individuals in a specific group. The
intraclass correlation coefficient for the primary outcome was 0.035, which was determined by dividing the between-cluster variance by total variance using the latent
variable method. The variance terms were estimated by fitting an unconditional generalized linear mixed-effect model with only a random intercept for clusters. OR
indicates odds ratio; and PE, preeclampsia.

*Adverse outcomes include PE, gestational hypertension, small gestational age (birth weight <6th percentile), stillbirth, and placental abruption.

tComposite neonatal morbidity is defined as >1 of the events occurring: >grade Il intraventricular hemorrhage; neonatal sepsis confirmed by cultures; neonatal anemia
requiring transfusion; respiratory distress syndrome requiring surfactant and ventilation; and necrotizing enterocolitis requiring surgical intervention.

$Composite neonatal therapy is defined as either of neonatal high dependency/intensive care unit admission or ventilation—need of positive pressure or intubation
occurred.

§Gaussian link was used to analyze the continuous outcome. Unadjusted and adjusted OR are replaced with the unadjusted and adjusted difference in means.

lUnadjusted OR measuring the association between the aspirin use and the outcome in the high-risk group was obtained by the generalized linear mixed effect model
analysis (logit linked assumed) controlling for the covariates of cluster and study time period only. Random intercepts were used for the cluster effect. The 95% Cl and
Pvalues were calculated based on the Wald statistic.

flAdjusted OR measuring the association between the aspirin use and the outcome in the high-risk group was obtained by the generalized linear mixed-effect model
analysis (logit linked assumed) controlling for the covariates of cluster, study time period, and individual-level characteristics including maternal age, height, weight, smok-
ing at conception, ethnicity, method of conception, previous history of preeclampsia, chronic hypertension, type 1 diabetes, type 2 diabetes, systemic lupus erythematosus,
antiphospholipid syndrome, family history of preeclampsia, gestational age at screening, MAP MoM, and UtA-PI MoM. PIGF MoM and CRL at screening were excluded

because of a high collinearity. Random intercepts were used for the cluster effect. The 95% Cl and P values were calculated based on the Wald statistic.
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