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Abstract

Background Evidence on the use of aspirin in women with chronic hypertension has indicated low effectiveness
in preventing superimposed preeclampsia. The possible cause has not been well explored. Many researchers have
attributed it to inadequacies in dosages, timing of therapy initiation, timing of intake and adherence. Investigations
into these aspects have yielded conflicting results. Previous research has mainly focused on the dosage and
gestational timing, yet the timing the drug is taken and adherence are also important aspects in evaluating drug
efficacy. Therefore, an appraisal of the combination of these parameters was necessary.

Aim This review aimed to explore the theoretical explanations for aspirin's low effectiveness in reducing the
incidence of superimposed preeclampsia among women with chronic hypertension and propose therapy
modifications to boost aspirin. We also aimed to synthesize evidence on the effectiveness of aspirin at different doses,
gestation timing, timing of ingestion, and adherence in this population.

Methods The review followed the Whittemore and Knafl procedure which involves problem identification, literature
search, data extraction/evaluation, data analysis and presentation of findings. 17 studies were evaluated in the
integrative literature review obtained from international databases including PubMed, Hinari and Google Scholar.
We searched for articles that pertained to the effectiveness of aspirin regarding dosage, gestational age at initiation,
timing of ingestion and adherence.

Results On exploration of the possible explanation for the low effectiveness of aspirin on superimposed
preeclampsia, it was noted that the pathogenesis of this condition in chronic hypertension has various pathways.
However, aspirin targets only one of them, thereby leaving a gap for the other pathways to advance. After
synthesizing the studies included in this review, it was noted that aspirin doses> 150 mg were safer and more
effective in the majority of the populations. Overall, there was an optimistic trend between higher doses (> 150 mg),
initiated before 12 weeks of gestation, taken over 90% of the time at night/bedtime.
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and use of combined methods to measure adherence.

Conclusion Owing to the variety of pathways through which preeclampsia develops in women with preexisting
hypertension, this review recommends weight-adjusted multi-component pharmacological combinations such

as aspirin and L-arginine, or aspirin and S-nitroglutathione to enhance aspirin’s effectiveness in this population.

We also noted that the effectiveness of aspirin largely depends on early identification and control of hypertension,
doses > 150 mg, initiation of the therapy before the 12th week of gestation and taking the drug more than 90% of the
time at night/bedtime. We recommend further research in this area, consistent follow-up of women prescribed aspirin

Keywords Preeclampsia, Superimposed preeclampsia, Effectiveness aspirin and superimposed preeclampsia, Efficacy
aspirin prophylaxis, Chronic hypertension during pregnancy

Why the review

What is known: low-dose aspirin has low efficacy in pre-
venting preeclampsia that is superimposed on chronic
hypertension.

What this study adds: this study uncovers the possi-
ble reasons for the low effectiveness of aspirin in women
with chronic hypertension and suggests therapy modifi-
cations that can enhance its efficacy

Introduction

Preeclampsia (PE) is among the most dreaded pregnancy
conditions as it leads to life-threatening problems for
the mother and the unborn baby [56]. It is a progressive
multisystem disease that usually develops in pregnant
women after the 20th week of pregnancy, characterized
by hypertension (diastolic blood pressure of 90 mmHg)
and evidence of end-organ dysfunction [49]. Preeclamp-
sia is the primary cause of maternal deaths worldwide
and complicates up to 15% of all pregnancies each year
[47, 71]. This is mainly due to complications such as pul-
monary oedema, stroke and kidney failure among others
[20, 44].

The cause of preeclampsia is unknown, and its patho-
physiology is not well understood. However, evidence
links its origin to a discrepancy in antigenic and antian-
giogenic proteins, which results from inadequate tropho-
blastic invasion [8]. This leads to systemic inflammation,
maternal endothelial damage, accelerated platelet adhe-
sion, increased thrombotic events and placental ischemia
[60].

No particular treatment has been identified for this
condition except delivery of the baby and the placenta
regardless of the gestational age [9]. However, aspirin
(acetylsalicylic acid) at low doses (below 300 mg) has
proved to suppress the synthesis of thromboxane which
is the main culprit in causing vasoconstriction and plate-
let aggregation seen in preeclampsia [60]. Nonetheless,
some aspirin-treated women still develop preeclampsia,
also referred to as superimposed preeclampsia (SIP).
The women in this category mainly include those with
chronic hypertension, pre-existing diabetes, multiple
pregnancies, and obesity [19, 21, 39, 45]. There is still
an unmet need for these women. More so, the reasons

this drug acts well in some individuals but not in others
remain unclear.

Chronic hypertension is the most common high-level
risk factor for preeclampsia among those named to be
less responsive to aspirin [36, 58]. It is postulated that
half of the women in this category develop SIP [29].
Moreover, SIP is not only associated with early-onset
preeclampsia, but also severe forms of preeclampsia [13,
15, 36]. Therefore, this article will focus on preeclamp-
sia that is superimposed on pre-existing hypertension
and also provide some narratives on the possible reasons
this drug does not give the desired effects in chronically
hypertensive women.

Possible reasons for the low effectiveness of
aspirin in SIP
Although several studies have been done in this area,
there are no clear explanations on what contributes
to the low efficacy of aspirin in chronically hyperten-
sive women. Some theories attribute it to the prolonged
damage on the maternal endothelial cells and blood ves-
sels caused by persistent high blood pressure. In which
case, chronic hypertension is said to be a precursor for
abnormal placental embedment and development in the
first trimester of pregnancy [1, 6, 70]. Chronic hyperten-
sion also causes inflammation of the endometrium before
pregnancy, thereby changing the pattern of implantation
and placentation [6]. However, the risk has been found to
correspond with the chronicity of hypertension before a
woman begins taking antihypertensive therapy. In set-
tings where blood pressure is regularly checked and con-
trolled, the risk is approximately six times greater than
that of normotensive women [36], whilst it is 27 times
higher in settings where hypertension is not controlled
early [23, 73]. This creates a critical need for hyperten-
sion screening, diagnosis and treatment. Perhaps, free
medical camps at worship places and public events could
help reduce this gap, especially in low-resource settings
where people are less likely to seek screening services.
The hypoxic environment in the placenta resulting
from suboptimal placental invasion and pre-existing
hypertension also increases the production of hydroxye-
icosatetraenoic acids (20-HETEs). These metabolites
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of arachidonic acid are progressively produced in pre-
eclampsia. They potentially mediate inflammation,
induce vasoconstriction (hypertension) and enhance
vascular dysfunction (features of preeclampsia). On the
other hand, aspirin is not known to inhibit this process
nor affect these metabolites [52]. However, the synthesis
of 20-HETEs is invariably inhibited by nitric oxide [50].
Nitric oxide has antigenic and vasculogenic properties
which facilitate cytotrophoblast endovascular invasion
and placental development [34]. It also prevents inflam-
mation, inhibits platelet aggregation within the endo-
thelium, and plays an important role in the physiological
vascular adaptations of normal pregnancy [2, 42]. In con-
text, it decreases the vasopressor responsiveness while
increasing the uteroplacental blood flow [42]. However,
under stressful conditions, such as those in preeclampsia,
nitric oxide synthase is redirected to produce superoxide
anions [53]. The superoxide anions further degrade the
available nitric oxide, resulting in proteinuria and hyper-
tension (preeclampsia) [36, 48]. Aspirin is not known to
enhance nitric oxide production, nor inhibit superoxide
anion production.

Although inconclusive, studies which have used
the nitric oxide precursor (L-arginine) or nitric oxide
donors for preeclampsia prevention have shown prom-
ising outcomes. Two systematic reviews of 14 random-
ized controlled trials comprising 1,800 women evaluated
L-arginine. The results indicated that the drug lowered
blood pressure among the chronically hypertensive
women and also reduced the incidence of preeclampsia
among the high-risk women [17, 24]. Several other stud-
ies have also reported similar results [10, 37, 43, 46]. Most
of these studies further noted that some women with
pre-existing hypertension who were given L-arginine did
not require other antihypertensive drugs. These studies
used varying methodologies and sample sizes in different
populations, and they all agreed that L-arginine reduced
high blood pressure and the incidence of preeclamp-
sia. Therefore, a combination of aspirin and L-arginine
could produce better outcomes in pregnant women with
chronic high blood pressure. Given the high safety record
of L-arginine [43], it might also be a better substitute for
antihypertensive medications in pregnancy since most of
these drugs are contraindicated in pregnancy due to the
possibility of fetotoxicity [41].

Some other theories attribute this SIP to the persistent
renal hypoperfusion in chronic hypertension, which acti-
vates the renin—angiotensin—aldosterone system [78].
This system increases blood pressure, activates platelet
activity, and facilitates endothelial dysfunction. This, cre-
ates another pathway for SIP besides those mentioned
earlier. However, aspirin has not demonstrated the
potential to inhibit the renin—angiotensin—aldosterone
system effectively. Nonetheless, some nitric oxide donors,
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such as S-glutathione, have shown positive regulation
of the renin-angiotensin system. S-nitrosoglutathione
effectively reduces the production of angiotensin II, the
hormone that predominantly increases blood pressure
in chronic hypertension [78]. This drug enhances endo-
thelial function, lowers blood pressure, prevents platelet
activation, and improves uteroplacental blood flow. How-
ever, glutathione (a naturally occurring antioxidant in
the body) is always abnormally reduced in women with
preeclampsia [57]. Probably, exogenous glutathione could
enhance the effects of aspirin in women with pre-existing
hypertension.

Methods

This review was done using Whittemore and Knafl’s
[75] method. This method is widely used in integrative
reviews. It involves five stages, which include problem
identification, literature search, data extraction/evalua-
tion, data analysis and presentation of findings.

Stage 1: Problem identification
This study attempted to answer the following questions:

1. What could be the possible reasons for the low
effectiveness of aspirin in preventing SIP among
women with chronic hypertension?

2. Which other drugs can enhance the efficacy of
aspirin in preventing SIP among women with
chronic hypertension?

3. What is the available evidence on the effectiveness
of aspirin in preventing SIP among women with
chronic hypertension?

Stage 2: Literature search

An online literature search was conducted from interna-
tional databases including PubMed, Hinari and Google
Scholar. We searched for articles that pertained to the
effectiveness of aspirin regarding dosage, gestational
age at initiation, timing of ingestion and adherence. We
used the Boolean operators “OR” and “AND” to combine
the search terms; preeclampsia® OR pregnancy-induced
hypertension*, superimposed* preeclampsia on chronic*
OR pre-existing hypertension, (effectiveness OR efficacy
aspirin®* OR low-dose aspirin*) AND (superimposed
preeclampsia), aspirin prophylaxis* OR therapy* OR
prevention during pregnancy, chronic* OR pre-existing
hypertension during pregnancy*, (aspirin dosage* OR
dose) AND (preeclampsia OR superimposed preeclamp-
sia), aspirin OR low-dose aspirin initiation* OR admin-
istration* in pregnancy, (low-dose aspirin OR aspirin)
AND (time of ingestion* or time taken), (aspirin OR
low-dose aspirin) AND (adherence* OR compliance OR
acceptance). All potential articles were imported into
the EndNote software to identify and remove duplicate
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studies. We also manually searched cross-references of
the relevant studies for any other eligible studies.

Stage 3: Data extraction

Inclusion and exclusion criteria

Studies were included if: i) they were original or sys-
tematic reviews and or meta-analyses written in English
and ii) evaluated aspirin effectiveness in terms of dos-
age, gestational timing of initiation, time of ingestion and
adherence, iii) the population studied included women
with pre-existing hypertension. We excluded: i) stud-
ies that did not indicate chronic hypertension as one
of the risk factors considered, ii) studies that combined
aspirin with other drugs such as calcium supplements,
iii) studies whose data was inaccessible, iv) commen-
taries, case reports, theses, dissertations, conference
abstracts, textbooks, care guidelines and grey literature.
We did not restrict the literature search to any period.
Two researchers (i.e. the corresponding and the second
author) independently assessed the extracted articles
for eligibility. Identified discrepancies were discussed
by the two reviewers and resolved by consensus. In the
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identification stage, the primary search generated 1,016
records, of which 963 were excluded because they were
not relevant to the study topic. In the second stage,
titles and abstracts of 53 records were screened, and 27
of them were removed because of ineligible objectives.
Nine more were excluded due to inaccessibility (7) and
not being in English (2). 17 studies qualified for inclusion
after full text review. The flow of article selection is sum-
marized in Fig. 1.

Quality assessment

For randomized controlled trials, the RoB2 criteria
was used to assess the risk of bias [31]. For systematic
reviews, we used the ROBIS criteria [74] and for the
non-randomized studies, we used the Risk Of Bias In
Non-Randomized Studies—of interventions (ROBINS-I)
criteria [35]. Here, we assessed for randomization, devia-
tions from the intervention indicated, missing of out-
come data, and selective reporting. Assessment of these
studies is included in the tables of the selected studies; 1,
2, 3 and 4.

[ Identification of studies ]

|

N Articles identified from
databases (n=1016)
e
2
."2 \ 4
()]
L] Articles removed before
screening (n=963)
. J
v
Articles screened
- (n=53)
(]
c
[)]
[J]
S
L] Y
Articles assessed for
eligibility (n=29)
A\ J
\ 4
Articles included in
review (n=20)

Fig. 1 Flow chart for literature search
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Stage 4: Data analysis

After verifying the selected articles for inclusion, four
data extraction sheets were generated to guide the infor-
mation required from each study. These were about
the aspirin dose, gestational timing of initiation, tim-
ing of ingestion and adherence. The variables of inter-
est included the author, year, population, aim, method,
findings and risk of bias. The data extraction sheets were
read and agreed upon by the corresponding author and a
co-author (PA and GN). Information in each article was
extracted and analyzed separately by the two researchers.
The information gathered on the sheets was then read by
both researchers, who discussed and agreed on the rel-
evant and significant information to retain on the sheets.
The similarities and differences in the studies were exam-
ined, and the data were synthesized. Finally, conclusions
were drawn and verified to ensure that they answered the
research questions of this review. The selected articles are
summarized in Tables 1, 2, 3, and 4.

Stage 5: Data presentation

In this review, 17 articles were included; five randomized
controlled clinical trials [3, 26, 30, 67, 68] two systematic
reviews and meta-analyses [14, 58], two meta-analyses
[16, 32], one systematic review [62] and eight studies that
analyzed secondary data [5, 6, 33, 55, 66, 76, 77].

Results

Dose of aspirin

Ten studies evaluated the effectiveness of different dos-
ages of aspirin in preventing SIP in women with preexist-
ing hypertension. Three RCTs, three systematic reviews,
and three retrospective chart reviews as shown in Table 1.
These studies produced varied outcomes. Two Ran-
domized controlled studies (RCT) by [3, 68] compared
75 mg and 150 mg in 116 and 156 women at high risk,
respectively. Both studies found lower incidences of SIP
in the treatment groups that used 150 mg compared to
the 75 mg groups. Another rigorous retrogressive chart
review of 1135 women with chronic hypertension fur-
ther affirmed that a 162 mg dose was superior to 81 mg
in reducing SIP in this population [5]. Notably, all these
results were not statistically significant, although higher
doses (150 and 162 mg) seemed to have a better effect.
This might be due to the small sample sizes used in the
RCTs. The findings may support the theory that a 150 mg
dosage is sufficient to regulate placental growth factor
(PIGF) and cytokine production, thus reducing placen-
tal infarcts and improving trophoblastic function [51].
Although these RCTs used relatively small sample sizes,
which limited their external validity, they both suggested
a dose—response effect of aspirin. Given the high degree
of precision of RCTs [12], these results were promising.
However, conclusions based on three studies may not
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be sufficient. Therefore, further studies are needed to
verify and validate these dosages. Although the risk of
side effects is believed to increase with the dosage, evi-
dence from studies that assessed the risk/benefit aspect
found the 150 mg and 162 mg dosages safer compared
to the risk [3, 5]. In contrast, a traditional and meta-
analysis of data from 23 RCTs involving 10,547 preg-
nant women evaluated doses ranging from 50 to 160 mg
and concluded that aspirin doses ranging between 80 to
100 mg were more effective than the others (Hu, Chen
et al. 2024). Much as this was a large study with a low
risk of bias (12<50%), sub-group analyses particularly
for women with chronic hypertension was not reported.
Therefore, the efficacy of these dosages in this sub-group
could not be concluded. On the other hand, one meta-
analysis of data from 13,981 women and a systematic
review of data from 2,150 women found that dosages of
60 mg, 75 mg, 100 mg and 150 mg did not reduce the
possibility of SIP in this category of women [16, 55, 58].
These two studies used large samples of data from clini-
cal trials. However, they were characterized by marked
risk of bias and significant heterogeneity, thus produc-
ing inconclusive results. Lower dosages have also been
assessed in different populations, producing conflicting
results. One retrospective cohort study evaluated a dose
of 81 mg among 457 high-risk women [6], while another
used 75 mg [77]. Neither of these studies observed signif-
icant effects in their participants. The latter study further
noted that a dose of 75 mg was effective in all the other
risky groups investigated, except those with chronic
hypertension. This study was done among Chinese
women. In support of these findings, evidence shows that
doses less than 100 mg are insufficient to inhibit platelet
aggregation in half of the women at risk [11, 18].

Gestational timing at initiation

Eight studies evaluated the effect of aspirin when initi-
ated at different gestational ages. Two RCTs, two sys-
tematic reviews, and four retrospective chart reviews,
as shown in Table 2. One systematic review meta-ana-
lyzed data from six RCTs and three retrospective cohort
studies to assess the impact of aspirin (60 mg, 75 mg,
150 mg) introduced before 20 weeks of gestation [58].
This was done in 2,150 women with stage I hyperten-
sion. The results showed no significant reduction in the
incidence of SIP. This study analyzed a large sample size,
most of which was obtained from RCTs. However, it was
defined by marked heterogeneity in terms of populations,
definitions of hypertension/SIP, outcomes and dosages
used. Moreover, some of the studies did not satisfacto-
rily control for confounding or state the actual dosages
used. Given that this analysis pooled up the results, this
might have limited the ability to detect positive effects of
the different dosages, even when they existed. Another
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Table 1 Effectiveness of different aspirin doses on superimposed preeclampsia in women with chronic hypertension

Author  year Population Purpose Design Main findings Risk of
bias
Sibai, 1989 774 women at  To evaluate the efficacy of aspirin Double blind, No significant differences were noted in Mod-
Mirro et al high risk for PE 60 mg in preventing preeclampsia randomized, the treatment and placebo groups. The erate
[67] placebo-con- incidence of preeclampsia was 26% in
trolled trial the aspirin group and 25% in the placebo
group (p=0.66)
Sinha, 2023 116 high-risk To compare the efficacy of 75 mg Randomized 33.92% of the women in the 75 mg Mod-
Singh et pregnant versus 150 mg aspirin in preventing PE  Controlled clini-  group developed preeclampsia (33.92%)  erate
al [68] women in high-risk pregnant women cal trial (OR=5.341,95% Cl=1.829- 15.594) com-
pared to 8.77% (p=0.001) in the 150 mg
group
Ashraf, Ali - 2024 156 women To determine the efficacy of aspirin Parallel arm ran-  The incidence of superimposed pre- Low

etal [3] at highriskfor 150 mg vs 75 mg in the prevention
preeclampsia  of SIP

Demuth, 2024 13,981 women To estimate the efficacy of a daily dose

Pellan et at risk for of aspirin 75 or 81 mg with a placebo

al [16] preterm in preventing pre-term PE
preeclampsia

Hu,Chen 2024 10,547 women  To determine the optimal dose of as-

etal [32] at high risk pirin among <80 mg, 80 mg, 100 mg,
for PE and> 100 mg for preventing PE in

high-risk pregnant women

Richards, 2023 2150 women To determine the efficacy of aspirin

Giorgione with stage 1 60 mg, 75 mg, 100 mg, and 150 mg

etal [58] hypertension in reducing the risk of superimposed
pre-eclampsia in women with chronic
hypertension

Poon, 2017 1592 high- To examine the effect of 150 mg
Wright et risk women aspirin in the prevention of preterm
al [55] included in preeclampsia in subgroups of women
the Aspirin for  according to their characteristics and
Evidence- medical and obstetrical history
Based Pre-
eclampsia Pre-
vention trial
Banala, 2020 457 women To evaluate the effectiveness of aspirin
Moreno et with chronic 81 mg for the prevention of superim-
al. [6] hypertension posed preeclampsia in women with

chronic hypertension before and after
the ACOG guideline
Xiao, Ling 2023 266 Chinese To assess the efficacy of aspirin 75 mg
etal [77] women at high  in preventing preeclampsia in high-
risk risk pregnancies

Ayyash, 2024 1135women  To examine the impact of aspirin
Goyert et with chronic 162 mg vs 81 mg on the prevention of
al [5] hypertension superimposed PE

domized control  eclampsia was lower in the 150 mg aspirin
open-label study group compared to the 75 mg group
Meta-analyses of A pooled analysis showed no significant High
11 randomized  reduction in preeclampsia between aspirin
controlled trials (75 to 81 mg) and the placebo

Network meta- ~ Doses between 80 and 100 mg were Low
analysisof data  found to be more effective than

from 23 random- those > 100 and <80 mg in reducing the

ized controlled risk of preeclampsia

trials
System- Low-dose aspirin 60 mg, 75 mg, 100mg, ~ Mod-
aticreview and 150 mg did not reduce the odds of pre- erate

meta-analysis eclampsia (OR 0.91, 95% Cl 0.64-1.29
of nine (three

retrospective

cohort studies

and six random-

ized trials)
Secondary analy- 150 mg of aspirin did not cause a reduc- High
sis of data tion in the incidence of preeclampsia
among women with chronic hypertension
Retrospective No significant reduction in the incidence  Mod-
cohort study of preeclampsia after the implementation  erate
of aspirin 81 mg was noted
Retrospective There was a significant reduction in the Low

real-world study  incidence of preeclampsia in women at
high risk for preeclampsia, except those
who had chronic hypertension
Retrospective No significant difference was noted in the  Mod-
chart review incidence of SIP in the 162 mg, 81 mgand  erate
no treatment groups. However, 162 mg
showed a lower incidence compared to
81 mg

retrospective chart review compared initiation of 75 mg
aspirin before and after 16 weeks in 266 high-risk women
[77]. The results showed a lower incidence of PE in
women who started the medication before 16 weeks
than in those who started after 16 weeks. Progressively, a

randomized clinical trial initiated aspirin between 12 and
16 weeks using doses of 75 and 150 mg among 113 high-
risk pregnant women. This study noted a higher (though
non-significant) reduction in the incidence of PE among
those who used a dose of 150 mg compared to those
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Table 2 Effectiveness of aspirin on superimposed preeclampsia in regard to gestation age at initiation
Author Year Population Purpose Design Main findings Risk of
bias
Sinha, Singh 2023 113 pregnant To compare the efficacy of aspirin  Parallel, open- There were five times greater odds of Mod-
et al [68] women at high 150 mg versus 75 mg in the pre-  label, random- preeclampsia in those who received aspirin ~ erate
risk vention of PE if initiated between  ized control trial 75 mg compared to those who received
12 and 16 weeks of gestation 150 mg (cOR=5.341, C1=1.829-15.594)
Ashraf, Aliet 2024 156 pregnant To determine the efficacy of aspi-  Parallel arm ran-  Aspirin 150 mg in moderate and high-risk ~ Low
al 3] women with rin 75 mg vs. 150 mg in moderate  domized control  pregnancies starting at 11-14 weeks was
moderate to high and high-risk women if initiated open-label study more effective and safer than 75 mg in
risk of PE between 11 and 14 weeks reducing the incidence of Preeclampsia
Richards, 2023 2150 preg- To determine the efficacy of aspi-  System- Low-dose aspirin prophylaxis did not Mod-
Giorgione nant women rin 60 mg, 75 mg, 100 mg, 150 mg  atic review and  reduce the odds of pre-eclampsia (OR 0.91, erate
etal [58] with chronic in the prevention of SIP among meta-analysis 95% Cl 0.64-1.29)
hypertension women with stage 1 hypertension of nine (three
if initiated before 20 weeks retrospective co-
hort studies and
six randomized
trials) studies
Chaem- 2020 1426 pregnant To determine whether aspirinini- ~ System- Low-dose aspirin initiated at < 11 weeks’ Mod-
saithong, women at high  tiated before 11 weeks'gestation  atic Review and  gestation was associated with a no signifi-  erate
Cuenca- risk of PE reduces the rate of preeclampsia  meta-analysis of ~ cant reduction in the risk of preeclamp-
Gomez et al 8 randomized sia (relative risk, 0.52; 95% confidence
[14] controlled trials  interval, 0.23-1.17, P=.115), gestational
hypertension (relative risk, 0.49; 95% confi-
dence interval, 0.20-1.21; P=.121)
Shen, Marti- 2021 1592 womenat  To examine the efficacy of aspirin ~ Secondary analy- The use of 150 mg aspirin in women with Mod-
nez-Portilla risk of PE 150 mg in reducing the risk of sis of datafrom  chronic hypertension did not have a sig- erate
et al [66] PE initiated between 11 and the ASPRE trial nificant effect compared to those without
13 weeks chronic hypertension
Banala, 2020 457 women To assess the impact of the ACOG  Retrospec- No significant decrease in SIP was noted Mod-
Moreno et with chronic guideline regarding low-dose tive cohort study  after the implementation of aspirin 81 mg  erate
al. [6] hypertension aspirin initiated between 12 and initiated between 12 to 16 weeks of
16 weeks of gestation for preven- gestation
tion of SIP In Women With Chronic
Hypertension
Huai, Linet 2021 397 women To evaluate the preventive effect ~ Secondary analy- The incidence of PE was not significantly Mod-
al [33] with stage 1 of aspirin 100 mg in women with  sis of data from  reduced in the aspirin group comparedto  erate
hypertension stage 1 hypertension initiated a randomized the control group
before 16 weeks of gestation controlled trial
Xiao, Linget 2023 266 women at To assess the efficacy of aspirin Retrospective A lower incidence of preeclampsia was Low

al [77]

high risk

75 mg in preventing PE in high-
risk pregnancies

chart review

observed among women who started tak-
ing aspirin before 16 weeks than those who
started after 16 weeks (4.69%) vs (17.65%,
p=0.0239). Chronic hypertension was asso-
ciated with a higher incidence of PE despite
taking aspirin (p=0.0001)

who used 75 mg [68]. Although this study was limited
by a small sample size, it was able to detect noticeable
reductions with a higher dose of aspirin initiated before
16 weeks just like the aforementioned studies. This sug-
gests a promising trend between higher doses and intro-
duction before 16 weeks. These results are in line with
the WHO recommendation, where aspirin should be
started at 12 weeks of gestation [49]. This is based on the
theory that 12 weeks correspond with the time when the
placentation process is completed [59]. However, a more
focused study commenced aspirin 100 mg in 397 women
with stage 1 hypertension before 16 weeks of gestation.

This study found no differences in the incidence of SIP
between the aspirin and the control group [33]. Although
this study was more focused, it did not report on the
women’s adherence levels to the therapy. The major dif-
ference in these studies is that the two studies [68, 77]
that reported marked reductions included all women at
high risk, while the latter study investigated only women
with chronic hypertension. Similarly, two other studies [6,
66] initiated aspirin 81 mg and 150 mg before 16 weeks of
gestation, respectively. These studies did not report sig-
nificant effects of aspirin in the high-risk women inves-
tigated. Further still, one study meta-analyzed data from
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Table 3 Effectiveness of aspirin on superimposed preeclampsia according to the time of drug ingestion
Author Year Population Purpose Design Main findings Risk of
bias
Hermida, 1999 240 pregnant To assess time-dependent A double- There was no effect of aspirin on the blood pressure  Low
Ayala et women at risk effects of aspirin 100 mg blind, of women who took aspirin on waking up. Aspirin sig-
al [4] of PE in women at differing risk ~ randomized,  nificantly reduced blood pressure in those who took it
of PE placebo-con- 8 h after waking up. The effect was highly statistically
trolled trial significant among women who took aspirin before
bedtime
Ruan[62] 2011 1245 pa- To assess the effect of the A systematic  Compared to aspirin on waking up, aspirin intake be- ~ Mod-
tients with administration of low-dose  review of 6 fore bedtime had a significant effect on lowering SBP  erate
hypertension aspirin before bedtime on  Randomized  (mean difference:—6.29 mmHg, 95%Cl: (—8.01,—4.58)),
blood pressure in hyperten- controlled and DBP (mean difference: —2.26 mmHg, 95%Cl:
sive patients clinical trials ~ (—=4.95, 0.43)
Xiao, Ling 2023 266 pregnant To assess the efficacy of Retrospective Aspirin taken at bedtime had a significantly lowerin-  Low
etal [77] women at high aspirin 75 mg in high-risk ~ chart review  cidence of PE than at other times. There was a higher
risk of PE pregnancies when taken at occurrence of PE in those with chronic hypertension
different times despite taking aspirin compared with those without
hypertension (p=0.0001)
Sinha, 2023 116 women To compare the efficacy Parallel, Aspirin 150 mg once a day at bedtime was more Mod-
Singh et al at high risk of of 150 mg versus 75 mg open-label,  effective than 75 mg once a day at bedtime in pre- erate
[68] preeclampsia aspirin in the prevention of  randomized  venting PE
preeclampsia among high-  control trial
risk pregnancies
Table 4 Effectiveness of aspirin on superimposed preeclampsia in regard to the level of adherence
Author  Year Population Purpose Design Main findings Risk of
bias
Hauth, 1993 600 high-risk To test the hypothesis that acetylsali- ~ Random- At 94% adherence, daily ingestion of 60 mg Mod-
Golden- pregnant women cylate (aspirin) reduces the incidence  ized of aspirin beginning at 24 weeks'gestation erate
berg et al or severity of pregnancy-associated controlled  significantly reduced the occurrence of PE
hypertension clinical trial
Poon, 2017 1592 womenat  To examine whether there are differ- Secondary At an adherence of <90%, 90% and > 90%, High
Wright et risk of PE ences in the efficacy of aspirin on the  analysis of  aspirin 150 mg did not reduce the incidence
al [55] incidence of preterm preeclampsia at ~ data of PE in women at risk. A history of chronic
different adherence levels hypertension was significant in the prediction
of preterm PE (0.042) despite aspirin use
Wright, 2017 1620 womenat  To examine the influence of compli- Secondary  At>90% adherence, aspirin 150 mg was posi- Mod-
Poon et al high risk ance on the beneficial effects of aspirin  analysis of  tively associated with a significant reduction ~ erate
[76] in preventing preterm preeclampsia data in the incidence of preeclampsia. Effectiveness
correlated with the level of compliance
Banala, 2020 457 women To evaluate the effectiveness of aspirin  Retrospec- At 57% adherence, the overall incidence of Mod-
Moreno with chronic for the prevention of superimposed tive cohort  superimposed preeclampsia was not signifi-  erate
etal.[6] hypertension preeclampsia in women with chronic  study cantly different in the group before and after

hypertension

the revised ACOG guideline

eight clinical trials involving 1,426 women at high risk.
Aspirin 150 mg was introduced before 11 weeks of ges-
tation. The results showed a non-significant reduction
in the incidence of preeclampsia. This study analyzed a
large sample of data from RCTs which are considered
effective in determining the effectiveness of a drug [65].
However, the analysis was not focused on women with
persistent hypertension. Therefore, the results could not
be regarded as conclusive. Their investigation was how-
ever based on the theory that the first wave of placental
invasion occurs between eight and ten weeks of gestation
[54]; therefore, introducing aspirin at this time could pro-
duce better results.

Timing of aspirin ingestion

Although most clinical guidelines do not specify the time
of day aspirin should be ingested, the International Soci-
ety for the Study of Hypertension in Pregnancy (ISSHP)
recommends taking aspirin at bedtime [61]. This is based
on the hypothesis that renin and thromboxane produc-
tion are time-dependent, and their levels decrease tre-
mendously when aspirin is taken at night [4, 61, 69]. Four
studies in this review compared different doses of aspirin
(75 mg, 100 mg, 150 mg) taken at different times of the
day in different populations of women at risk of PE. These
included two RCTs, a systematic review of six RCTs, and
a prospective chart review. All the four studies reported
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significant reductions in blood pressure and PE incidence
as shown in Table 3. In one of the studies, the researchers
randomized 240 women into three different groups and
administered 100 mg of aspirin before 16 weeks of ges-
tation. The first group took aspirin when waking up, the
second group took it eight hours after waking up, and the
third group took it before bedtime. The findings showed
a significant decrease in the mean blood pressure read-
ings among those who took aspirin at bedtime compared
with other times of the day [30]. Although these studies
used varied dosages, initiated the aspirin at different ges-
tational ages and analyzed relatively small samples, they
were able to detect significant effects. This suggests that
aspirin taken at night can produce better effects, though
further research is required to validate these findings.

Adherence to aspirin

The capacity of aspirin to prevent preeclampsia is
largely dependent on compliance [76]. A drug cannot
work if it is not taken into the body. Two studies in this
review reported adherence levels above 90% with subse-
quent significant reductions in the incidence of PE (see
Table 4). One of the studies randomized 600 women
at high risk to aspirin 60 mg in a clinical trial [26]. The
women complied with 94 per cent, and significant out-
comes were achieved. Although the dosage in this study
was relatively low, the women prescribed aspirin were
followed up at 99% to ensure compliance. Much as the
study analyzed a big sample of data, the authors did not
report the clinical stage of hypertension in the women
studied. Probably most of them were in stage 1, where it
is plausible for such a dose to cause an effect [25]. The
other study analyzed secondary data of 1,620 high-risk
pregnant women [76]. Aspirin 150 mg was used with an
adherence level above 90%. The results showed a non-
significant reduction in the incidence of PE. This study
used data from clinical trials and a higher dose of aspi-
rin. However, the source of the data was not adequately
powered to assess adherence appropriately. In addition,
pill count was used to assess adherence, which is prone to
errors. These studies can be generalizable since they used
large sample sizes of data from randomized clinical tri-
als to obtain these results. More so, despite using differ-
ent dosages, there was agreement that a woman needed
to comply more than 90 per cent of the time to achieve
the desired effects. However, two studies may be too few
to draw a substantive conclusion. Further studies focus-
ing on women with chronic hypertension could improve
the validity of these findings. Two studies in this review
did not find positive effects. One of the studies analyzed
secondary data from a systematic review in which aspi-
rin 150 mg was used with an adherence level above 90%
[55]. The other study retrospectively analyzed data from
457 women who used aspirin 81 mg with an adherence
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of 57% [6]. Although these studies focused on women
with hypertension, they relied on self-reports of patients
to assess adherence. Self-reports are generally easy to
use but they are prone to recall bias and can easily invite
socially acceptable responses. Overall, very few studies
were found to have evaluated the role of adherence in the
effectiveness of aspirin. Therefore, further studies could
focus on rigorous follow up of these women and use of
combined measures to evaluate adherence. Consider-
ation could be given to measures such as self-reports and
electronic adherence monitoring devices or self-reports
and aspirin biomarkers which have proven to be more
effective [27].

Discussion

Even though some researchers no longer recommend
aspirin to be used in women who are chronically hyper-
tensive [38] for SIP prevention, this review found that
aspirin at varying doses had beneficial effects on differ-
ent populations. For instance, Xiao et al. [77] observed
that a dose of 75 mg significantly reduced superimposed
preeclampsia among Chinese women. However, most of
the studies did not find significant effects when similar
doses were used or even when the doses were increased
to 150 mg in other populations [6, 16, 55, 58]. This could
be attributed to the low obesity levels in the Chinese pop-
ulation [77] compared to the general population. These
results may be supported by the hypothesis that the effect
of aspirin on an individual is weight-dependent, [16, 22].
Nevertheless, the review observed noticeable reductions
in the incidence of SIP in studies that used higher doses
of aspirin, [3, 5, 68]. Despite these positive observations,
the results were not statistically significant. This suggests
that studies that take into account some essential factors
such as chronicity of hypertension and weight could find
the true effects of aspirin in this population.

Some guidelines from different professional societies
agree that starting aspirin prophylaxis before the 16th
week is the best course of action [61]. Regarding the ges-
tational timing of aspirin initiation, some studies in this
review started as late as 19 weeks, others started before
16 weeks [6, 7, 33, 68], while others were compliant with
the 12 weeks as recommended by WHO [3, 66]. Further
still, some studies started as early as 11 weeks [14]. How-
ever, none of the studies achieved a significant reduction
in the incidence of SIP, except one study where a dose of
162 mg was used beginning at 12 weeks [5]. Given this
observation, some scholars recommend aspirin to be
started before pregnancy in women who are chronically
hypertensive [63]. This is thought to stabilize the endo-
metrium before placental implantation takes place. This
recommendation is also based on the findings of a study
that assessed platelet factor four (a marker for platelet
aggregation) in women with chronic hypertension. In this
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study, increased levels of platelet factor four were present
in these women even before pregnancy [14]. This implies
that the risk exists even before a woman conceives. In
agreement with this idea, a study that initiated aspirin
before conception in women who were due for in-vitro
fertilization reported reduced cases of preeclampsia [63].
Therefore, further research needs to explore the impact
of aspirin when initiated before pregnancy, particularly in
women with preexisting hypertension.

According to this review, the majority of the stud-
ies did not report the time of day at which aspirin was
taken. As a result, there was notable low efficacy reported
in these studies. However, the studies that reported con-
sistency in taking aspirin at bedtime produced positive
results [30, 62, 68, 77]. This is supported by the theory
that thromboxane production is time-dependent and its
levels decrease tremendously when aspirin is taken at
night [4, 61]. Since very few studies have investigated this
phenomenon, further research is needed to validate the
time of the day that enhances the effectiveness of aspirin
in women with chronic hypertension.

Suboptimal adherence to aspirin is very common and
has led to the underestimation of the efficacy of the drug.
Like any other medication, aspirin’s ability to prevent
preeclampsia depends on proper adherence. This review
noted that the outcome of aspirin use in high-risk preg-
nancies corresponded with the degree of adherence.
Respectively, a woman with chronic hypertension had a
much lower risk of developing SIP if she took her medi-
cation more than 90 percent of the time [26, 76]. How-
ever, some studies did not find an impact at>90% [55].
The discrepancies could be attributed to the differences
in the study designs and the populations that were inves-
tigated. In this review, most of the researchers who found
aspirin less effective in reducing the incidence of SIP did
not measure adherence in their studies. For those who
did, they used self-reports from patients, which are liable
to errors. Although good adherence can prevent up to
90 percent incidence of PE [60], several hindrances sur-
round this aspect. However, some researchers have noted
incredible willingness to comply in women who are well
empowered with information on the risks/benefits of
aspirin [40]. This could be accompanied by continuous
reinforcement in the form of regular reminders, peer/
family support and addressing their immediate concerns
[28, 64, 72]. Further research could consider combining
the measures of adherence, such as self-reports and pill
count or self-reports and electronic adherence monitor-
ing devices or self-reports and aspirin biomarker moni-
toring. This could accompany continuous follow-up and
support to the women prescribed aspirin.
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Strengths and limitations

The strength of this review is that most of the studies
evaluated were randomized clinical trials and of recent
data. While most of the previous studies assessed one
or two important parameters necessary to evaluate drug
efficacy, this review was able to appraise four of the most
important parameters, that is, dosage, timing of gesta-
tion/ingestion and adherence. However, the review was
limited by the little evidence assessed on the timing of
aspirin ingestion and adherence. This was due to inac-
cessible articles, which restricted the overall conclusion.
Another limitation is that we only considered articles that
were published in the English language, which reduced
the available evidence for evaluation. We were not able
to adequately assess selective reporting to quantify the
risk of bias in all the studies, because we were not able to
access all the raw data.

Conclusion

This review noted that women with chronic hyperten-
sion develop preeclampsia through a variety of pathways.
Aspirin addresses only one of them. This suggests that
multi-component pharmacological combinations could
enhance aspirin’s effectiveness in this population. We
also noted that the efficacy of aspirin largely depends on
early identification and control of hypertension, weight-
adjusted doses, initiation before the 12th week of gesta-
tion and taking the drug more than 90% of the time at
night/bedtime. However, a substantive conclusion can-
not be drawn as very few studies reported on the timing
of ingestion and adherence; we think these are also very
important aspects in evaluating drug efficacy.
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