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ABSTRACT
Objective: To examine whether aspirin delays gestational age at delivery (GAD) in pregnancies with placental dysfunction (PD) 
phenotypes (preeclampsia [PE], small-for-gestational-age [SGA], placental abruption and/or stillbirth).
Design: A secondary analysis of a multicentre stepped-wedge cluster randomised trial.
Setting: 18 maternity/diagnostic units in Asia.
Population: Singleton pregnancies examined at 11–13+6 weeks.
Methods: A model in which the effect of aspirin is to delay the GAD in pregnancies with PD was developed.
Main Outcome Measures: GAD in pregnancies with PD.
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Results: Aspirin administration was associated with a significant reduction in PD < 32 weeks (adjusted relative risk 0.543, 95% 
CI: 0.330–0.864), with a trend for an increase of PD ≥ 32 weeks (test for trend, p-value = 0.0018). Similar findings were observed 
individually for PE, SGA and/or placental abruption. At 24 weeks, the aspirin-induced prolongation of pregnancies with PD was 
2.85 weeks (95% CI: 0.44–5.40), and this effect was decreased by −0.19 weeks (95% CI: −0.33 to −0.05) for each week of gestation; 
therefore, at 28 and 32 weeks' gestation, the aspirin-induced prolongation was 2.09 and 1.33 weeks, respectively.
Conclusions: In this secondary analysis of a cluster randomised trial, women at high risk of PE who are destined to develop a clinical 
spectrum of PD may benefit from longer pregnancy duration through aspirin administration in early pregnancy. Aspirin may delay 
the GAD due to PD, particularly benefiting those deliveries that would occur at earlier gestations without aspirin administration.

1   |   Introduction

Impaired placentation can lead to placental dysfunction (PD), 
a major cause of various pregnancy complications, including 
preeclampsia (PE), small-for-gestational-age (SGA), placental 
abruption and/or stillbirth [1–3]. These complications create a sub-
stantial burden on both maternal and perinatal outcomes [1–6]. 
PE is a serious, pregnancy-specific multisystem hypertensive dis-
order, affecting 2%–8% of pregnant women and one of the leading 
causes of maternal and perinatal morbidity and mortality [4, 7, 8]. 
If left untreated or in its severe early form, PE can lead to serious 
maternal complications, including impairment of hepatorenal and 
coagulation systems, pulmonary oedema, eclampsia, brain injury 
and even death [9–11]. SGA is another placental-related condition 
[3], affecting approximately 16% of births globally, ranging from 
7% in industrialised countries to 41.5% in South Asia [12]. SGA 
foetuses/infants face an increased risk of perinatal morbidity and 
mortality [5, 6, 13, 14], as well as long-term health problems such 
as metabolic syndromes, cardiovascular diseases and adverse neu-
rodevelopmental outcomes [15–17]. PD can also result in placental 
abruption, a severe obstetric emergency that may lead to iatrogenic 
preterm birth or stillbirth. Additionally, stillbirth can be attributed 
to PD and extensive research has demonstrated that a significant 
majority of preterm stillbirths are associated with PE and/or SGA 
[5, 6, 18, 19].

Interestingly, PE, SGA, placental abruption and/or stillbirth 
clinically overlap with one another, sharing common risk factors 
and biomarkers' profiles [3, 6, 10, 14, 18–20]. This suggests the 
notion that PD could be treated as a unified spectrum condition 
[2, 19, 21]. Moreover, various histopathological studies consis-
tently indicate that these pregnancy complications are associated 
with impaired placentation [1, 2, 22, 23]. Low-dose aspirin ad-
ministered to high-risk women for preterm-PE before 16 weeks 
of gestation has been shown to reduce the rates of preterm-PE 
and preterm-SGA [20, 24, 25]. Wright and Nicolaides suggested 
a stochastic model that describes an aspirin-related prolongation 
of pregnancy in women who eventually developed PE [26]. Data 
scarcity has hindered a better understanding of the potential 
role of aspirin in reducing the incidence of placental abruption 
or stillbirth [27–29]. Thus, the question remains whether aspirin 
has a delaying effect on delivery comparable to that previously 
reported for PE [26], as it may also be applicable to pregnancies 
that fall within the broader clinical spectrum of PD.

The aim of this secondary analysis of a cluster randomised clin-
ical trial was to examine the hypothesis that aspirin delays the 
gestational age at delivery (GAD) in pregnancies affected by PD, 

which may manifest as PE, SGA, placental abruption, stillbirth 
or any combination of these conditions.

2   |   Material and Methods

2.1   |   Study Design and Participants

This study was a secondary analysis of the FORECAST trial, 
which was a multicentre stepped-wedge cluster randomised 
trial [30]. The study protocol is provided in Appendix S1. We fol-
lowed the Consolidated Standards of Reporting Trials reporting 
guideline [31]. Approval for the trial was obtained by the Joint 
Chinese University of Hong Kong–New Territories East Cluster 
Clinical Research Ethics Committee (CREC Ref. No. 2018.391) 
in Hong Kong and the Ethics Committee of each participating 
hospital in other regions. Inclusion criteria included a singleton 
pregnancy at 11–13+6 weeks, and age 18 years or older. Exclusion 
criteria included multiple pregnancies, major fetal defects iden-
tified at 11–13+6 weeks of assessment, non-viable fetus or those 
under other clinical interventions. Trial recruitment took place 
in 18 maternity/diagnostic units from 10 regions in Asia between 
1 August 2019 and 28 February 2022 [30]. All participants in the 
FORECAST trial provided written informed consent.

Screening centres were organised into clusters, each containing 
approximately an equal number of pregnant women. These clus-
ters included maternity/diagnostic units from Hong Kong SAR, 
Mainland China, Taiwan, Singapore, Thailand, The Philippines, 
Indonesia, Malaysia, Vietnam and Japan. The formation of clus-
ters was based on the homogeneity of the trial populations. The 
stepped-wedge design started with a period where routine ante-
natal care was provided with no study-related intervention at all 
recruiting centres (Figures S1 and S2). Subsequently, at regular 
6-weekly intervals, one cluster was randomised to transition 
from the non-intervention phase to the intervention phase. The 
global pandemic of coronavirus disease 2019 (COVID-19) sig-
nificantly impacted recruitment rates. The trial design was ad-
justed on the assumption that the recruitment rate was halved. 
By extending the intervention phase by 60 weeks (equivalent to 
20-time steps), the aim was to maintain a trial power of around 
65%, while keeping all other assumptions unchanged. The ad-
justed stepped-wedge design is illustrated in Figure S3.

During the intervention phase, first-trimester screening for 
preterm-PE using the Bayes theorem-based Fetal Medicine 
Foundation (FMF) triple test was performed [32]. For women 
with an adjusted risk for preterm-PE ≥ 1 in 100, low-dose aspirin 
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treatment was initiated from < 16 weeks until 36 weeks, or until 
delivery or the onset of PE before 36 weeks [33].

2.2   |   Randomisation and Blinding

A staggered schedule was followed to implement the intervention 
over a number of time periods. The recruiting centres formed 
the units of cluster randomisation. An independent statistician 
conducted randomisation using anonymous cluster codes. All 
clusters were randomly assigned different starting times for the 
intervention phase based on computer-generated random num-
bers. Each cluster's random start date for the intervention phase 
was concealed until 3 weeks before the commencement. No 
masking was used due to the nature of the intervention.

2.3   |   Intervention Phase of the FORECAST Trial

During each cluster's intervention period, women with an ad-
justed risk for PE ≥ 1 in 100 were invited to attend a follow-up 
visit for further counselling regarding the high-risk status and 
the benefits and side effects of aspirin prophylaxis. Those with-
out known bleeding disorders, active peptic ulcer disease or 
hypersensitivity to aspirin were offered low-dose aspirin before 
16 weeks until 36 weeks, or until delivery or the onset of PE be-
fore 36 weeks. The regimen and compliance of aspirin were re-
ported in a previous study [30]. Adherence was considered good, 
moderate and poor if the reported intake of tablets was ≥ 85%, 
between 50% and < 85%, and ≤ 50%, respectively [24].

2.4   |   Outcomes

The outcomes of the study were PE, SGA, placental abruption 
and stillbirth, which had been pre-specified in the FORECAST 
trial. In this secondary analysis, PD-related complication was 
defined as any of the following: PE, SGA, placental abruption, 
stillbirth or any combination of these conditions. SGA neonate 
was defined as birthweight < 10th percentile for gestational age, 
adjusted for maternal weight and height, gravida, parity, ethnic-
ity and newborn sex [34]. The study sample included singleton 
pregnancies that delivered a phenotypically normal livebirth 
or stillbirth at ≥ 24 weeks' gestation. PE was defined accord-
ing to the guidelines of the International Society for the Study 
of Hypertension in Pregnancy [35]. Placental abruption was 
defined either clinically or according to placental examination 
[36, 37].

2.5   |   Statistical Analysis

We designed a secondary analysis of data from the FORECAST; 
a cluster randomised trial, to investigate the impact of aspirin on 
the GAD with PD.

2.5.1   |   Exploratory Analysis

For baseline characteristics, continuous data were presented as 
mean and standard deviation or median and interquartile range. 

Categorical data were expressed as numbers and percentages. 
Residual analysis was carried out aiming to detect outliers ±3 
standard deviations (SDs) and to subsequently review such cases 
to identify any possible lack of clinical plausibility, but no such 
cases were found.

2.5.2   |   Between-Group Comparisons

We calculated the incidence with 95% confidence interval (CI) 
of PD-related pregnancy complications, stratified by aspirin ad-
ministration. The treatment effect of aspirin on the rate of PD-
related complications, stratified for gestational age at deliveries 
(< 32, 32–36+6 and ≥ 37 weeks), was estimated by computing the 
relative risks (RR) between aspirin/non-aspirin groups with 
their 95% CI. RR (95% CI; aRR) was adjusted using a propen-
sity score (PS) methodology with stabilised inverse probability 
of treatment weighting (IPTW) to balance the confounding 
effect of baseline characteristics between the aspirin and non-
aspirin groups [38, 39]. The following covariates were included 
in the PS model: maternal age, smoking at conception, method 
of conception, previous history of PE, chronic hypertension, 
type 1 diabetes, type 2 diabetes, systemic lupus erythematosus 
and antiphospholipid syndrome. Standardised mean differences 
(SMDs) were calculated before and after IPTW to assess the 
balance among the covariates. Balance between the two groups 
was considered optimal if the SMD for a given covariate was 10% 
or less. We adjusted for clustering in the data with random effect 
for cluster. The differences of aRRs among subgroups (deliver-
ies at < 32, 32–36+6 and ≥ 37 weeks) were examined by using Z-
statistic as previously described [40].

2.5.3   |   Shift Model for the Effect of Aspirin on 
the Gestational Age at Delivery With Placental 
Dysfunction-Related Complications

We designed a model based on the hypothesis that aspirin shifts 
the delivery of a pregnancy with a placental dysfunction-related 
complication to a more advanced gestational age. Specifically, 
we assumed that D is a random variable with Gaussian distri-
bution that describes the GAD in the no-aspirin group with a 
mean that was allowed to depend on the logit transformed risk 
for preterm-PE and a constant standard deviation. In the aspirin 
group, we made the same distributional assumptions, but D was 
modified by the effect of aspirin d. Therefore, the D in the non-
aspirin group was shifted to D + d under aspirin's effect, which 
was defined as d = a0 + a1*(D-24) so that d is dependent on ges-
tational age. The term a0 will provide the effect of aspirin at 
24 weeks, according to this parameterisation.

We used Gaussian survival regression analysis for the outcome 
variable, which was GAD with PD. In this model, deliveries 
without PD were treated as censored observations. This model-
ling structure allowed us to derive the parameter's inferences by 
the PD cases weighing in for the aspirin effect and by assuming 
Gaussian distributions, we improved the goodness of fit and the 
simplicity of the clinical interpretation.

The model was fitted within the Bayesian framework using 
Markov chain Monte Carlo techniques which enabled all 
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parameters to be estimated within a single analysis. We used a 
non-informative prior distribution for the unknown parameters 
and inferences were obtained using a total of 100 000 iterations 
after a burn-in period of 5000 iterations. Inferences for model 
parameters are summarised as posterior means and 95% cred-
ibility intervals. Convergence was assessed by autocorrelation 
plots, trace plots and density plots.

Data analyses were performed using R, version 4.1.3 (The R 
Foundation for Statistical Computing, Vienna, Austria) [41].

3   |   Results

In a cohort of 48 647 women with singleton pregnancies of-
fered the FMF triple test for preterm-PE screening, 42 897 
women (88.2%) opted to undergo screening. The study was 
divided into two phases: the non-intervention phase that in-
cluded 10 294 women and the intervention phase that comprised 
27 965 women. In the non-intervention phase, 1158 (11.25%) 
women were identified as high-risk for developing preterm-PE 
and were not administered aspirin. In the intervention phase, 
3530 (12.62%) women were identified as high-risk. Among these 
high-risk women, 2909 were in the aspirin group and 621 did not 
take aspirin for various reasons and were included in the non-
aspirin group (Figure  S4, Table  S1). Consequently, 2909 preg-
nancies that constituted the aspirin group and 1779 pregnancies 
that constituted the non-aspirin group were used for this sec-
ondary analysis.

Among these high-risk women, 92.71% (2697/2909) demon-
strated good adherence. Maternal and pregnancy characteristics 
of high-risk women with PD-related complications are given in 
Table S2. IPTW weighting resulted in no significant SMDs for 
the baseline characteristics between the aspirin and non-aspirin 
groups, demonstrating an optimal balance between groups.

Aspirin administration was associated with a significant reduc-
tion of PD-related complications < 32 weeks, with a significant 
trend for a simultaneous increase of PD-related complications 
≥ 32 weeks (test for trend, p value = 0.0018, Table 1, Figure S5). 
Similar findings were observed for PE, SGA and placental 
abruption (Table 1). In particular, the RRs for each gestational 
age window and the comparative differences in these RRs are 
presented in Table 1. The prevalence of each phenotype of PD-
related complications (PE, SGA, placental abruption and still-
birth) when they occur in combination with one another is 
shown in Table S3.

3.1   |   Shift Model for the Effect of Aspirin on 
the Gestational Age at Delivery With Placental 
Dysfunction

The model's convergence was optimal. The higher the risk 
for PE, the greater the shift to earlier GAD with PD (Table 2, 
Figures  1 and 2). Aspirin had a significant effect in delaying 
delivery in pregnancies with PD, which was gestational age-
dependent. Specifically, the earlier the gestational age where 
delivery with PD would have occurred, the greater the aspirin ef-
fect. In particular, at 24 weeks, the aspirin-induced prolongation 

of a pregnancy affected by PD was 2.85 weeks (95% credibility 
interval: 0.44–5.40) and the effect of aspirin in delaying the de-
livery was decreased by −0.19 weeks (95% credibility interval: 
−0.33 to −0.05) for each week of advancing gestation (Table 2, 
Figures 1 and 2).

4   |   Discussion

4.1   |   Main Findings

This study has demonstrated that aspirin is associated with a 
45% reduction in PD-related complications < 32 weeks of gesta-
tion, when administered in women at high risk of PE follow-
ing first-trimester screening (Table 1, Figure S5). Interestingly, 
there is a simultaneous significant trend showing an increasing 
incidence of PD-related complications ≥ 32 weeks of gestation 
(Table 1, Figure S5). These exploratory findings show a progres-
sively lower relative reduction of PD for higher GAD in the as-
pirin group, supporting the hypothesis that aspirin delays the 
delivery of pregnancies affected by PD.

We have subsequently developed a survival model that describes 
the shift effect of aspirin for pregnancies with PD. The aspirin-
related delay in GAD for pregnancies affected by PE, SGA, pla-
cental abruption and/or stillbirth is related to the severity of PD 
as reflected in the GAD. The earlier the delivery would have oc-
curred without aspirin administration, the greater the delaying 
effect of aspirin (Table 2, Figures 1 and 2).

4.2   |   Strengths and Limitations

This study has important strengths as it is the first study that has 
examined the role of aspirin in determining the GAD in pregnan-
cies affected by PD. The large sample size resulted from the first 
multicentre stepped-wedge randomised trial that evaluated both 
the effectiveness and clinical feasibility of a universal screen-
and-prevent strategy for preterm-PE [30]. Training was carried 
out according to standardised protocols and quality assurance 
measures with regular independent monitoring implemented 
(Appendix S1). The aspirin shift model effectively captures the 
effect of aspirin through the application of censoring, and the 
Gaussian assumption enhances the clinical relevance and valid-
ity of the model's inferences.

We applied IPTW knowing the outcomes of the study; however, 
there was no need for any model selection process; therefore, there 
was no risk for selection bias. Although this is a secondary analysis 
of the FORECAST trial, PE was the primary outcome and SGA, 
placental abruption and stillbirth were the pre-specified second-
ary outcomes. A realistic limitation is that this cluster randomised 
clinical trial was conducted within an Asian population; therefore, 
the findings may not be generalisable to other populations.

4.3   |   Interpretation (In Light of Other Evidence)

In this secondary analysis, we have developed a model that sup-
ports the hypothesis of an aspirin-related shift effect, suggesting 
that the delay in GAD associated with different phenotypes of 

 14710528, 0, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/1471-0528.18211 by N

at Prov Indonesia, W
iley O

nline L
ibrary on [15/07/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



5 of 9

PD, including PE, SGA, placental abruption and/or stillbirth, is 
more pronounced at earlier gestational ages than at later ones 
(Table 2, Figures 1 and 2). Therefore, we expand the previously 
observed shift effect of aspirin for PE [26], incorporating other 
phenotypes of PD such as SGA, placental abruption and stillbirth 
(Table 2, Figures 1 and 2).

Our primary analysis of the cluster randomised trial has demon-
strated that aspirin prophylaxis effectively reduces the inci-
dence of early-onset PE and preterm-PE by 54% (adjusted odd 
ratio [aOR] 0.59, 95% CI: 0.37–0.92) and 41% (aOR 0.46; 95% CI: 
0.23–0.93) among high-risk women, respectively, while there is 
no significant effect on the incidence of term-PE [42]. This sec-
ondary analysis provides additional evidence to support the con-
cept that aspirin reduces the rate of preterm-PE by delaying the 
onset or progression of the condition [24, 26].

TABLE 1    |    Relative risk (aspirin/non-aspirin) and 95% confidence interval for the effect of aspirin on placental dysfunction related complications 
in women at high-risk for preterm-preeclampsia, stratified by gestational age at delivery.

Aspirin Non-aspirin

Crude RR (95% CI) Adjusted RR (95% CI)N = 2909 N = 1779

Placental dysfunction

< 32 weeks 34 (1.17) 31 (1.74) 0.671 (0.408–1.093) 0.543 (0.33–0.864)a

32–36+6 weeks 179 (6.15) 83 (4.67) 1.319 (1.029–1.758) 1.228 (0.95–1.625)c

≥ 37 weeks 540 (18.56) 305 (17.14) 1.083 (0.944–1.287) 1.057 (0.91–1.248)b

PE

< 32 weeks 18 (0.62) 18 (1.01) 0.612 (0.314–1.181) 0.496 (0.255–0.939)a

32–36+6 weeks 88 (3.03) 56 (3.15) 0.961 (0.685–1.355) 0.868 (0.618–1.216)

≥ 37 weeks 173 (5.95) 84 (4.72) 1.260 (0.980–1.674) 1.181 (0.918–1.558)b

SGA

< 32 weeks 33 (1.13) 25 (1.41) 0.807 (0.479–1.371) 0.643 (0.386–1.060)

32–36+6 weeks 138 (4.74) 58 (3.26) 1.455 (1.087–2.034) 1.368 (1.021–1.901)a,c

≥ 37 weeks 414 (14.23) 231 (12.98) 1.096 (0.936–1.323) 1.085 (0.925–1.307)

Stillbirth

< 32 weeks 3 (0.10) 1 (0.06) 1.835 (0.235–37.123) 1.763 (0.224–34.770)

32–36+6 weeks 4 (0.14) 4 (0.22) 0.612 (0.144–2.587) 0.585 (0.137–2.446)

≥ 37 weeks 1 (0.03) 0 (0.00) — —

Placental abruption

< 32 weeks 2 (0.07) 3 (0.17) 0.408 (0.054–2.460) 0.214 (0.029–0.985)a

32–36+6 weeks 15 (0.52) 1 (0.06) 9.173 (1.866–166.713) 9.410 (1.882–182.048)a,c

≥ 37 weeks 15 (0.52) 4 (0.22) 2.293 (0.833–8.079) 2.473 (0.879–9.133)b

Note: Values are given as n (%); % of the total non-aspirin (N = 1779) or aspirin group (N = 2909). The following covariates were included in the propensity score 
methodology with stabilised inverse probability of treatment weighting: maternal age, smoking at conception, method of conception, previous history of PE, chronic 
hypertension, type 1 diabetes, type 2 diabetes, systemic lupus erythematosus and antiphospholipid syndrome.
Abbreviations: CI, confidence interval; N, the number of women in the aspirin or non-aspirin group; PE, preeclampsia; RR, relative risk; SGA, small for gestational 
age.
aSignificant adjusted relative risk.
bZ-statistic [40]: significant difference for RR comparison: < 32 versus ≥ 37 weeks.
cZ-statistic [40]: significant difference for RR comparison: < 32 versus 32–37 weeks.
dZ-statistic [40]: significant difference for RR comparison: 32–37 versus ≥ 37 weeks.

TABLE 2    |    Posterior means and 95% credibility interval for the 
parameters of the aspirin shift model for pregnancies with placental 
dysfunction.

Term

Estimate (95% 
credibility interval)

PE | SGA | Placental 
abruption | Stillbirth

Intercept 35.79 (34.90 to 36.58)

Logit risk for preterm-PE −1.71 (−1.97 to −1.48)

Aspirin 2.85 (0.44 to 5.40)

AspirinX (gestational age-24) −0.19 (−0.33 to −0.05)

Standard deviation 3.39 (3.22 to 3.57)
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A meta-analysis involving 20 randomised controlled trials in-
volving a total of 12 585 participants reported that aspirin at a 
daily dose of ≥ 100 mg, administered at ≤ 16 weeks of gestation, 
for the prevention of PE, may reduce the risk of placental abrup-
tion [28]. However, the analysis did not evaluate how aspirin 
affects the timing of delivery in cases of placental abruption. 
Our study shows that the shift effect of aspirin is evident for dif-
ferent phenotypes of PD and timing of delivery with placental 
abruption following the same trends (Table 1, Figures 1 and 2). 
Interestingly, aspirin appears to delay placental abruption, re-
ducing its incidence by 79% < 32 weeks' gestation, while concur-
rently increasing the incidence by 9.41 times at 32–36+6 weeks' 
gestation (Table 1).

Previously, Wright and Nicolaides reported an exploratory anal-
ysis based on the ASPRE trial in support of the aspirin-related 
delay hypothesis [26]. By delaying the onset of PE, more cases of 
term-PE arise from pregnancies that were originally expected 
to develop preterm-PE, resulting in a significant reduction in 

preterm-PE without affecting the incidence of term-PE. They re-
ported that the aspirin-related delay in delivery for pregnancies 
destined to develop PE at 24 weeks of gestation was 4.4 weeks 
(95% CI: 1.4–7.1 weeks) and this effect decreased by an estimated 
0.23 weeks (95% CI: 0.021–0.40 weeks) for each week of gestation 
[26]. We expanded on this concept by incorporating additional 
phenotypes of PD, developing a unified model with direct clini-
cal applicability.

A study that utilised untargeted metabolomic analysis of plasma 
samples from aspirin/placebo-treated high-risk pregnant 
women in the ASPRE trial found that aspirin significantly de-
creased metabolic gestational age by 1.27 weeks (95% CI: 0.66 
to1.88 weeks), and partially reversed one-fourth of the metabo-
lites that changed with advancing gestational age, lending fur-
ther support to the aspirin-related delay hypothesis  [42]. The 
finding that aspirin prolongs pregnancies affected by PD is also 
consistent with a secondary analysis of the ASPRE trial, which 
demonstrated that aspirin reduced the rates of pregnancies 
with SGA and/or PE delivered < 32 weeks and < 37 weeks [20]. 
However, it had no significant effect on pregnancies with SGA 
and/or PE delivered ≥ 37 weeks [20]. We fitted a model including 
SGA to reflect the hypothesis of an aspirin-related delaying ef-
fect, as PD has been commonly associated with abnormal fetal 
growth.

We propose a universal integrated risk assessment and targeted 
aspirin prophylaxis for women at high risk of preterm-PE. This 
policy is safe and it can be implemented directly, provided that 
a first-trimester assessment is already in place [24, 32, 43, 44]. 
Adding PlGF in the model comes with a marginal cost as it would 
be just an extension to the already existing biochemical testing 
infrastructure [24, 32, 43, 44]. Our analysis shows that women 
with PD could significantly benefit from pregnancy prolonga-
tion, especially those with more severe placental insufficiency. 
This effect could be clinically translated to improved perinatal 
outcomes and health economics, considering the exponential in-
crease in the rate of adverse outcomes and associated costs with 
preterm birth [4, 6, 45–47]. Aspirin appears to delay the onset 
of a severe, unpredictable consequence of PD, namely placental 
abruption, which is challenging to diagnose clinically due to its 
nonspecific symptoms. This effect may positively impact neona-
tal outcomes by reducing the risk of adverse neonatal outcomes 
associated with hypoxia and prematurity-related complications, 
such as asphyxia, respiratory distress syndrome and apnoea.

This aspirin shift model considers that the women at risk for PD-
related complications could benefit from a personalised pathway 
of care [21]. An important prerequisite for this notion is the in-
tegration of first-trimester algorithms for placental disease into 
current clinical recommendations [3, 48, 49], using appropriate 
risk factors in alignment with the evidence [50]. This method-
ology will utilise the beneficial effect of aspirin that appears to 
be mediated through a birth delaying effect. We gain more time 
that will possibly improve the perinatal outcome, mainly by re-
ducing the prematurity burden. However, a new clinical neces-
sity arises as effective stratification of the obstetric population, 
increased surveillance, and maternal awareness are becoming 
important elements on the clinical front. In particular, timely 
extra ultrasound scans, blood pressure monitoring and control 
and maternal education to increase awareness for symptoms 

FIGURE 1    |    Shift model for the estimated aspirin effect in delaying 
gestational age at delivery of pregnancies with placental dysfunction-
related complications (black line) with 95% credibility intervals.

FIGURE 2    |    Gestational age dependent effect of aspirin in delaying 
delivery of pregnancies with placental dysfunction-related complica-
tions (PD). The arrows indicate the magnitude of the aspirin-induced 
delay in the delivery of pregnancies with PD.
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such as vaginal bleeding or reduced fetal movements, in the 
high-risk group, will probably enhance aspirin's positive effect. 
There is an urgent need to formalise this new clinical mindset 
in the upcoming guidelines advocating universal models, which 
are the basis for applying preventive strategies and managing 
pregnancy-specific needs [21].

5   |   Conclusion

In this secondary explanatory analysis of a cluster randomised 
clinical trial, we present evidence suggesting that women at 
higher risk of PE who are expected to develop a spectrum of PD-
related conditions may benefit from a longer pregnancy dura-
tion as a result of the aspirin administration starting as early 
as 11 weeks of gestation. This is achieved through a delivery 
delaying effect, which is stronger for pregnancies with a higher 
degree of PD that require delivery at an earlier gestational age.
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