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Abstract

Introduction

Women at increased risk of developing pre-eclampsia are advised to take a daily low-dose

of aspirin from 12 weeks of pregnancy to reduce their risks. Despite the well-established pro-

phylactic effect of aspirin, adherence to this therapy is low. This systematic review aimed to

summarise evidence on the barriers and facilitators of adherence to low-dose aspirin to

inform intervention development to support decision making and persistence with aspirin

use for pre-eclampsia prevention.

Materials and methods

A systematic review and meta-synthesis of qualitative research was co-produced by repre-

sentatives from charities, and public, clinical and academic members. Eight electronic data-

bases (MEDLINE, PsycINFO, CINAHL, Web of Science, Scopus, EMBASE, Prospero,

OpenGrey), archives of charities and professional organisations were searched (between

October and November 2023 and re-run in August 2023) using predefined search terms.

Studies containing qualitative components related to barriers and facilitators of adherence

to low-dose aspirin during pregnancy were included. Quality assessment was performed

using the Critical Appraisal Skills Programme checklist for qualitative research. A combina-

tion of the COM-B framework with phases of adherence process as defined by international

taxonomy was used as the coding framework. Co-production activities were facilitated by

use of ‘Zoom’ and ‘Linoit’.
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Results

From a total of 3377 papers identified through our searches, five published studies and one

dissertation met our inclusion criteria. Studies were published from 2019 to 2022 covering

research conducted in the USA, Canada, UK, Netherlands and Australia. Barriers and facili-

tators to adherence were mapped to six categories of the COM-B for three phases of adher-

ence: initiation, implementation, and discontinuation. The discontinuation phase of

adherence was only mentioned by one author. Four key themes were identified relating to

pregnancy: ‘Insufficient knowledge’, ‘Necessity concerns balance’, ‘Access to medicine’,

‘Social influences’, and ‘Lack of Habit’.

Conclusions

The COM-B framework allowed for detailed mapping of key factors shaping different phases

of adherence in behavioural change terms and now provides a solid foundation for the

development of a behavioural intervention. Although potential intervention elements could

be suggested based on the results of this synthesis, additional co-production work is needed

to define elements and plan for the delivery of the future intervention.

Trial registration

PROSPERO CRD42022359718. https://www.crd.york.ac.uk/prospero/display_record.php?

ID=CRD42022359718.

Background

Pre-eclampsia (PE) is a pregnancy related syndrome that occurs in 2%-5% of pregnancies and

can lead to devastating outcomes such as maternal and fetal death [1]. PE is the second leading

cause of maternal mortality [2] with an estimated global death-toll of 60,000 per year [3], and

one of the leading causes of stillbirth and preterm delivery [4]. Short-term healthcare costs of

caring for a mother and baby affected by PE are double those of an uncomplicated pregnancy

[5]. In the long-term, PE contributes significantly to cardiovascular morbidity amongst

women [6,7]. Currently, the only treatment for PE is delivery of the baby, and therefore predic-

tion and prevention of the disease remains a high priority [4,8].

Women that are deemed to be at increased risk of developing PE are offered prophylactic

low-dose aspirin from 12 weeks of pregnancy [9,10]. This is based on a meta-synthesis of data

from numerous trials [11–13] wherein some clinical trial cohorts have demonstrated notably

high adherence levels: Mone et al. reported a 95–96% adherence rate [14], and Rolnik et al.

found adherence exceeding 85% in 79.9% of participants [15]. However, when examined out-

side the controlled environment of clinical trials, adherence rates have generally fallen short of

those observed within the trials, with non-adherence rates ranging from 46% to 94% [16,17].

Recently, the Combined Multimarker Screening and Randomized Patient Treatment with Aspi-

rin for Evidence-Based Preeclampsia Prevention (ASPRE) trial demonstrated the importance of

adherence to aspirin; women with adherence of� 90% had lower odds of developing PE than

women with adherence< 90% (OR 0.24 (95% CI 0.09–0.65) vs 0.59 (95% CI 0.23–1.53)) [18].

This means that women with a higher degree of adherence benefited from aspirin nearly two
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times more than those that did not adhere to aspirin as well. Thus, low adherence in a high-risk

population is likely to substantially reduce the effectiveness of aspirin prophylaxis [18].

Further the WHO recognises the impact of non-adherence on a health care system and

population health [19,20]. The report highlights that younger people (less than 25 years of

age), women, people from low socioeconomic backgrounds, those with low literacy levels, and

the unemployed may struggle to adhere to long-term therapy. Addressing this issue is crucial

to ensure that aspirin prophylactic treatment effectively benefits those most in need of the

intervention [19]. This is particularly significant given the absence of any alternative risk

reduction strategy.

A clear understanding of the barriers and facilitators of adherence to aspirin prophylactic

treatment is needed to help to develop behaviour change intervention to support women to

make decisions about aspirin use and to adhere to advised schedule of medicine intake. This

systematic review and meta-synthesis was conducted with the aim of identifying, appraising

and synthesising the qualitative evidence related to barriers and facilitators of adherence to

low-dose aspirin during pregnancy to enrich understanding of the determinants of prophylac-

tic medication taking in pregnancy.

Methods

A co-production approach to the systematic review and meta-synthesis was applied as a way of

inclusive, collaborative, and creative working. The use of a co-productive approach is recog-

nised to have the potential to achieve higher impact as key stakeholders are involved through-

out the entire research journey from knowledge creation to knowledge translation [21]. This

review was approached with the highest possible degree of involvement. Key stakeholders were

involved in question formulation, planning methods, protocol writing, developing the search

strategy, conducting searches, selecting studies, collecting data, assessing risk of bias, data anal-

ysis, interpretation of findings, writing for publication, and will be involved in other forms of

dissemination of the results. This level of involvement in a systematic review has been

described by the ‘Authors and Consumers Together Impacting on eVidencE’ (ACTIVE)

framework of involvement of stakeholders as ‘leading’ [22].

The review team consisted of public, charity, clinical and academic members which enabled

access to a wide range of expertise and experience. Public contributors were enrolled via pur-

posive recruitment with the aim to support the overarching ‘Aspirin in pregnancy’ project that

will continue beyond this systematic review work. Representatives from two key charities,

Sands (the Stillbirth and Neonatal Death Society) and APEC (Action on Pre-eclampsia), as

well as a member of the public with experience of PE and use of aspirin in a subsequent preg-

nancy, co-led this review alongside an obstetric sonographer, medical librarian, a professor of

maternal and child health and a professor of prevention with expertise on complex interven-

tion development and behavior change.

Co-production methods were applied alongside Preferred Reporting Items for Systematic

Reviews procedures [23], PRISMA check list is available in S1 File. Co-production activities were

facilitated by use of ‘Zoom’, a widely used video conferencing service, and free public online

space ‘Linoit’ (linoit.com), an online collaborative whiteboard platform. Both platforms do not

require users to download or install a specific software program to enable use, providing accessi-

ble web space across a full range of operating systems. ‘Zoom’ facilities were used by the co-pro-

duction team to facilitate group meetings while ‘Linoit’ was used to facilitate synthesis of the data.

The review was registered in the International Prospective Register of Systematic Reviews

systemic review database (registration number CRD42022359718).
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Training

All lay co-production team members were novice to the systematic review methods and were

trained by the first author with clinical academic experience. Training included introduction

to co-production and systematic review supplemented by Cochrane on-line training and A

Research Handbook for Patient and Public Involvement [24], screening and ‘Rayyan’ tool

training of a mock database of articles, quality appraisal and data extraction training. Addi-

tional support was provided by encouraging reflection and continuous communication with

the rest of the group during all stages of the review.

Search strategy

The review question, ‘What are the barriers and facilitators of adherence to low-dose aspirin

during pregnancy’, was guided by a modified PiCO (Population of interest, Context, Out-

come) framework to suit qualitative research [25,26]. For the purpose of this review, aspirin

use for the prevention of pregnancy complications for any placenta mediated disease was con-

sidered. Studies containing a qualitative component inclusive of mixed methods, interviews,

surveys, focus groups and ethnographies were considered for inclusion. Although study

searches were conducted in English in English-based databases, no language restriction was

applied during title and abstract screening. Searches were not time limited and were conducted

from inception of the databases to 25.08.2023. This decision was based on our preliminary

searches conducted on MEDLINE which was limited to publications from 1980 to 2022 vs

publications from the inception of the database to 2022 using the same search strategy. The

preliminary searches identified 11 studies published prior to 1980 and therefore the decision

was made not to limit searches to a publication date. No restriction to the study setting or

country was applied.

Search terms were co-produced in a group meeting capturing all possible aspects that may

link to adherence in lay terms, as well as link with theories of behaviour explaining adherence.

Using a predefined search strategy available in S2 File, searches were undertaken between

August and August 2023 in MEDLINE, PsycINFO, CINAHL, Web of Science (WoS) and Sco-

pus, EMBASE, Prospero and OpenGrey to include research reports, dissertations, and confer-

ence papers. Websites and archives for professional and charitable organisations such as the

Royal College of Obstetrics and Gynaecology, Royal College of Midwifery, Pre-eclampsia

Foundation, APEC, and SANDS were searched, and key charities were contacted [27]. A wide

choice of databases was dictated by the need to capture all possible published and unpublished

literature. Medline was selected as the most comprehensive source of biomedical literature.

PsycINFO was chosen for its likelihood to include specific studies in behavioral science.

CINAHL was selected for its likelihood to include publications related to nursing and allied

health practices. Web of Science and Scopus were utilized to capture the breadth of scientific

subjects. EMBASE was chosen for its likelihood to include studies related to the use of medi-

cines. Prospero was specifically used for searching for systematic reviews. Finally, OpenGrey

allowed access to grey literature.

Citation searches were performed for all included articles. Google and Google Scholar plat-

forms were utilised to support grey literature and citation searches. Once deduplicated in the

EndNote X9 software, all titles and abstracts were transferred to ‘Rayyan’, a web-based online

tool, for double screening by RV, LE, EH and MP whilst authors were blinded to each other’s

decisions. Screening was performed using predefined inclusion/exclusion criteria available in

S3 File. We included papers with abstracts in English language targeting use of aspirin for pro-

phylactic reasons, primary qualitative or mixed-methods studies focusing on experiences of

women/pregnant people in any settings and of any age. While we excluded studies lacking a
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qualitative component, focusing on therapeutic use of aspirin or use or prophylactic aspirin in

pre-conceptional or postnatal periods. Literature reviews such as narrative and systematic

reviews as well as editorials, commentaries or educational materials were excluded from this

review. There was a small proportion of disagreements when screening for inclusion mainly

related to the methodology type and those were resolved in a consensus meeting. All poten-

tially relevant titles and abstracts progressed to full text reviews. Full reviews were conducted

by two authors independently and all ambiguous texts were discussed with a third author (JR).

Citation tracking was performed for all included texts.

Quality assessment and data extraction

Several appraisal tools were reviewed by the public contributors in a joint meeting (RV, LE, EH

and MP) and the Critical Appraisal Skills Programme (CASP) checklist for qualitative research

[28] was selected due to its ease of use. All included texts were assessed by two authors blinded

to each other’s judgment and subsequently any discrepancies were resolved in a consensus

meeting during which the studies were reassessed and discussed. An additional process was

implemented to check uncertainties by engaging in reflective discussions with senior academic

members (VAS and JR). No additional exclusions were made based on the quality assessment.

Data were extracted by two reviewers independently (RV and EH). Bibliographic, method-

ology and population data were extracted into a pre-designed and piloted Excel worksheet. For

this analysis, we considered both first level (direct quotes of participants) and second level con-

structs (authors’ interpretation) to be eligible for the analysis. This approach allows for inclu-

sion of voices of the researchers who were directly embedded in the individual projects adding

to a multidimensional interpretation. Data were extracted from the result sections, tables, fig-

ures, and supplementary materials, and imported in respective files into QSR NVIVO V.12

software for data management. Linoit and Microsoft Excel were utilized when working with

public contributors.

Synthesis

Framework synthesis was selected as the method of choice for the synthesis of qualitative data

for this systematic review. This methodology arose from a Framework analysis approach devel-

oped for analysis of primary studies [29] and later extended to a level of meta-synthesis of qual-

itative research used in health care settings [30,31]. Framework synthesis is used in the context

of the development of complex interventions, offers flexibility to explore and test existing theo-

ries and also welcomes stakeholder contribution [32], therefore this approach fits well with the

aim of this project.

The following five stages of the framework analysis [33] aligned to a systematic review pro-

cess [32] were used:

1. Familiarisation stage aligned to the stage of research question formation and scoping of the

literature.

2. Framework selection stage consisting of selection of initial framework drawn from scoping

of the literature.

3. Indexing stage is aligned to screening, quality assessment and data extraction.

4. Charting is aligned to the synthesis stage of the review process and consisting of coding and

grouping the primary data.

5. Mapping and interpretation stage is aligned to the final stage of the synthesis when data are

interpreted to answer the review question.
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The coding framework selected for this synthesis is based on the COM-B framework [34]

with elements of the international taxonomy for adherence to medication [35] to ensure align-

ment to the phases of the adherence process as illustrated in Table 1. The COM-B consists of

three interlinked domains: capability, opportunity, and motivation [36]. Each domain in the

COM-B is subdivided further to two: referring to physical or psychological capability, social or

physical opportunity, and automatic vs reflective motivation. The COM-B framework postu-

lates that motivation is likely to arise in the presence of capability and opportunity and behav-

iour change will only occur when all three conditions are optimal (capability, motivation and

opportunity [36–38]. The COM-B is used as a diagnostic tool that can identify what needs to

change in order to induce desired behavioural change. Therefore, the selection of this frame-

work is justified by an overarching aim of this project to gain in-depth and detailed under-

standing of barriers and facilitators related to adherence behaviour that would subsequently

aid the development of a behavioural intervention.

The COM-B consists of three interlinked domains: capability, opportunity, and motivation

[36]. Each domain in the COM-B is subdivided into further two: referring to physical or psy-

chological capability, social or physical opportunity, and automatic vs reflective motivation.

The COM-B framework postulates that motivation is likely to arise in the presence of capabil-

ity and opportunity and behaviour change will only occur when all three conditions are opti-

mal (capability, motivation and opportunity [36–38]. The COM-B is used as a diagnostic tool

that can identify what needs to change in order to induce desired behavioural change. There-

fore, the selection of this framework is justified by the overarching aim of this project: to gain

in-depth and detailed understanding of barriers and facilitators related to adherence behaviour

that can, subsequently, aid the development of a behavioural intervention.

While the whole co-production team was involved in stages one (familiarisation) and five

(mapping interpretation), the framework selection stage was led by two researches familiar

with the field of adherence to medicines and behavioral change (RV and VAS), and stage four

(charting) was conducted by two researches (RV and EH) in a series of on-line meetings.

Charting and mapping activities were facilitated by ‘Linoit’ platform that allowed users to cre-

ate and share digital sticky notes in real time for categorisation and organisation of the content,

example of such activity is available in S5 File.

Table 1. Coding framework based on a combination of the COM-B framework and phases of adherence process.

COM-B Capability Opportunity Motivation

Phases of

adherence process

Physical

(Physical
skill, strength
or stamina)

Psychol.

(Knowledge or
psychological skills,
strength or stamina to
engage in the necessary
mental processes)

Social

(Opportunity
afforded by
interpersonal
influences, social
cues and cultural

norms
that influence the
way that we think

about
things)

Physical

(Opportunity afforded by
the environment involving
time, resources, locations,
cues, physical affordance)

Automatic

(Automatic processes involving
emotional reactions, desires
(wants and needs), impulses,
inhibitions, drive states and

reflex responses)

Reflective

(Reflective
processes involving

plans and
evaluations)

Initiation

Implementation

Discontinuation

*Text in italic extracted from ‘The Behaviour Change Wheel A Guide to Designing Interventions’ book by Michie et al, 2014 [36].

https://doi.org/10.1371/journal.pone.0302720.t001
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Results

After screening 3,377 titles and abstracts, 12 full reports were assed for eligibility. Six reports

were excluded due to lack of a primary data [39], being out of scope for this review [40–42] or

having no qualitative element [43,44]. Six studies met the inclusion criteria and were eligible

for inclusion in this systematic review as illustrated in Fig 1; one Master’s degree dissertation

and five studies published in peer reviewed journals were included.

Included work was produced between 2019 and 2021 and studies were based in the US,

Canada [45], UK [46–48], The Netherlands [49], and Australia [50]. Four studies employed

purely qualitative approaches [46–49]; one used mixed methods [50] while one had a separate

qualitative component [45]. Different qualitative data collection approaches were used includ-

ing textual data [45], interviews [46–48,50], and focus group discussions [49]. Reflective of the

methods for data collection, sample sizes varied from 6 to 807. All but one study population

comprised women from an increased risk group of PE, while one study by Vestering et al

recruited women from a low-risk group. Five studies investigated exclusive use of low-dose

Fig 1. PRISMA diagram.

https://doi.org/10.1371/journal.pone.0302720.g001

PLOS ONE Adherence to aspirin in pregnancy: A co-produced systematic review and framework synthesis.

PLOS ONE | https://doi.org/10.1371/journal.pone.0302720 May 3, 2024 7 / 27

https://doi.org/10.1371/journal.pone.0302720.g001
https://doi.org/10.1371/journal.pone.0302720


aspirin (doses were not always explicitly mentioned), while Vestering et al investigated the use

of a polypill, a pill combining low-dose aspirin and calcium. Adherence levels within study

populations ranged from 100% adherence to complete non-adherence. All studies were of a

reasonable quality with most common deficiencies related to reflectivity aspects of the authors

and rigor of the qualitative data analysis reported in the studies using both qualitative and

quantitative methods. Summary of included studies are presented in Table 2 while quality

assessment of the included studies can be found in S4 File.

Here we provide a detailed account of the results for the three phases of adherence struc-

tured by the COM-B constructs.

Initiation of low dose aspirin

The initiation phase of adherence is defined as the intake of the very first dose of aspirin for

the purpose of PE prevention. The main themes related to the initiation process are illus-

trated in Fig 2.

Psychological capability: Barriers

This category appears to be particularly loaded with data providing granularity and depth to

our understanding of the issues women face and signaling the magnitude of the difficulties

women face when considering use of aspirin during pregnancy as a prophylactic measure.

Two themes were allocated under psychological capability: ‘Insufficient knowledge’, and

sense of ‘Being overwhelmed’.

Insufficient knowledge

Data suggested that lack of knowledge about the disease and aspirin in the context of preven-

tion of PE, prevents women from being able to decide about aspirin use [46–49]. A reduced

ability to read and ineffective information provision led to reduced opportunities to gain

essential information required for decision making [47]. Women reported that few resources

are provided to help them to access appropriate information related to the use of aspirin in

pregnancy; in some instances, information seemed to be provided to some women while oth-

ers could not recall having had any [46,47,49].

Table 2. Summary of the included studies.

Author Year of

publication

Country Data collection Medication and

dose

Population

type

Number of

participants

Adherence

levels

Timing of the

interview

Ahmed et al [45] 2021 US, Canada,

UK, other

countries

An optional text

box within

questionnaire

Low-dose aspirin

(exact dose not

specified)

High-risk 807 NK Not stated

Fenn et al [46] 2019 UK Semi-structured

interviews

Aspirin (75 mg) High-risk 13 70–100% Gestational age

of 26 and 36

weeks

Shanmugalingam

et al [50]

2020 Australia Interviews Aspirin (100–150

mg)

High-risk 6 >90% and

<90%

12 months post-

partum

Vestering et al [49] 2020 Netherlands Focus groups Polypill (Calcium

+ LDA)

Low risk 25 women (7

focus groups)

NA Gestational age

of 8 to 24 weeks

Vinogradov et al (1)

[47]

2021 UK Semi-structured

interviews

Aspirin (75 mg) High-risk 14 0–70% 4–18 months

post-partum

Vinogradov et al (2)

[48]

2021 UK Semi-structured

interviews

Aspirin (75 mg) High-risk 14 0–70% 4–18 months

post-partum

https://doi.org/10.1371/journal.pone.0302720.t002
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‘‘Most women had limited knowledge of pre-eclampsia. Women who knew someone with a his-
tory of pre-eclampsia considered it a serious condition for both mother and child.However, oth-
ers said they had been unaware of the severity of the complications and incidence so far.” [49]

“I know it’s painkiller, pain relief, it gets rid of headache, it thins your blood. And I know if
you are going to have a heart attack then stick one under your tongue. But when they prescribe
these things, they don’t tell what they exactly for.” [47]

“It doesn’t strike me in my memory that I had much written information about it (aspirin)
which I think for me that would be helpful.” [47]

Being overwhelmed

While decisional processes at this phase required use of information; women were over-

whelmed by the amount of new information provided to them in first trimester of pregnancy

generally [47–50]. The consistency of information regarding the use of aspirin varied among

healthcare professionals from different professional backgrounds [48,50]. Conflicting informa-

tion encountered by women necessitated a high level of cognitive ability and skills from

women to navigate conflicting advice [47,50].

Fig 2. Barriers to initiation of aspirin.

https://doi.org/10.1371/journal.pone.0302720.g002
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‘‘Women also mentioned there was an ‘information overload’ (or a cognitive overload) during
consultations with obstetricians and midwives, preventing women from being able to effec-
tively consider the relevant issues and make an informed decision.” [48]

‘‘A lot of people aren’t fantastic readers either. There are still people who can’t read very well.
To some people it’s just a lot of scribble on paper.” [47]

Psychological capability: Facilitators

In addition to the barriers, three themes were identified as facilitators within the psychological

capability category: ‘Prior knowledge’, ‘Consistent messaging’, and ‘Information provision in

easy-to-understand and to process format’.

Prior knowledge

Good knowledge about aspirin use for PE prevention was reported to be beneficial with

women commencing therapy even prior to seeing an obstetrician [46].

‘‘Several of the women had extensive knowledge regarding aspirin therapy prior to their
appointments, either due to doing their own research around aspirin, information received
following their previous pregnancy or due to their occupation.” [46]

Consistent messaging

Consistency of messaging from numerous sources had positive impact on aspirin uptake.

“When I was told by the first doctor, I was still a bit skeptical and it’s only when I saw the sec-
ond and third doctor, it sunk in and I thought, it must be important as they are all saying the
same thing. It then made sense. It works well when doctors communicate the same thing, it
gives us confidence.” [50]

Information provision in easy-to-understand and to process format

Ability to access alternative formats of information was proposed as a potential facilitator by

women suggesting that information provision should not be one-size fit all. Women suggested

that booklets, leaflets as well as videos could be used to provide information needed to decide

about use of aspirin in pregnancy. The potential benefit of the delivery of information in bite-

sizes, is that it is easy to understand and process as suggested by Vestering et al and Vinogra-

dov et al [47,49].

(47)‘‘Women preferred information to be provided in a layered fashion as they could choose
themselves how much (more) detail they wanted to know.” [49]

‘‘Women felt that information should be delivered in an easy to understand and accessible
way. ‘‘ [47]

Social opportunity: Barriers

Social influence. ‘Social influence’ was a key theme and presented as a barrier under the

category of social opportunity. Lack of consistency amongst health care professionals (HCPs)
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from different professional groups [48,50] and poor information provision left women to look

for support somewhere else, finding information online using online social networks. Women

often found views that were confirmatory to their pre-existing beliefs rather than extending

their knowledge [47,48].

‘‘ I did read a forum cos I’d Googled aspirin during pregnancy and there was a lot of mixed
people. . .And someone had actually wrote the same thing that I thought why pharmacies are
reluctant to give aspirin to pregnant people.” [48]

Social opportunity: Facilitators. The Social opportunity category for initiation yielded

two facilitative themes: ‘Rapport and trust with HCP’, and ‘Social comparison and support’.

Rapport and trust with HCP. Reports of good relationships with HCPs seemed to be an

important factor correcting for confusion caused by conflicting information received from

other medical or alternative sources [46,47,50].

“I kind of trust what doctors and medical staff tell me so erm, the fact that I was told, to me, it
would probably help, or not do any damage if it didn’t help, erm, that was enough for me
really.” [46]

Social comparison and support. Positive social comparison by means of social media

provided a good opportunity for social support much looked-for by women [47,50].

‘‘Women elaborated on the positive impact of social media in reassuring them on the use of
aspirin in pregnancy: “Speaking to other women that have been through it (pre-eclampsia)
and that are going through it–you know finding friends who are on or who have taken aspirin
in pregnancy, who are going through similar things gave me comfort in taking it.” [50]

Physical opportunity: Barriers

Access to medication. A key barrier related to physical opportunity during initiation was

‘Access to medication’. Like many existing medications, aspirin is not licensed for use during

pregnancy. Therefore, even though this drug may seem readily available, it can only be pre-

scribed by a healthcare provider. However, aspirin could be advised and not prescribed, creat-

ing difficulties to access the medication and confusion causing women to re-think their

decision about use of aspirin (linked to reflective motivation below).

“The chemist kept telling me that I should not take aspirin while I was pregnant despite my
doctor’s advice.” [50]

‘‘I got the prescription on the day I had my 12 weeks scan and I took it to the pharmacy and
they said it wouldn’t be available until the next day and I didn’t have any way to get there
and I never ended up picking it up . . . I think it was after my 20 week scan.” [48]

Automatic motivation: Barriers

Desire to enjoy the pregnancy experience. The automatic motivation category relates to

automatic unconscious processes that can be described as unintentional, efficient, uncontrolla-

ble, or unconscious [51]. Examples of such responses include emotions, impulses, habits, and

inhibitions. In this review, a key driver to an automatic response was a ‘Desire to enjoy the
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pregnancy experience’ leading to a negative response to the idea of medicalisation at the emo-

tional level [47–49].

‘‘Many women were explicit about their passive approach because of desire to enjoy the preg-
nancy . . .” [47]

‘‘If I was given a prescription, I must have put it straight in the bin.‘‘ [48]

Reflective motivation: Barriers. Cognitive motivation refers to explicit and controlled

processes employed by women. Those processed were defined by being intentional, required use

of cognitive resources, ability to stop voluntarily, and operate within conscious awareness [51].

Necessity concerns balance. Barriers within reflective motivation for initiation were

expressed in a theme ‘Necessity concerns balance’ underpinned by two sub-themes: ‘Lack of

identification with being at risk’ and ’Safety concerns’. Having an optimistic outlook on preg-

nancy [47,48], women did not identify with the risk factors and therefore did not identify with

someone who requires or takes medication [46,48,50].

‘‘Women did not consider pre-eclampsia to be a serious disease. This led to a sense of opti-
mism and reduced their sense of necessity in medication as there were no visible consequences
of not taking the medication: “I kind of thought: If I’ll get that–I’ll get that. It wasn’t a big
deal.”[47]

‘‘I think they put the stigma on people that are overweight.” [48]

Lack of identification with a ‘medication taker’ exacerbated by a common negative percep-

tion of medicine use in pregnancy (unlike use of natural remedies), had a detrimental impact

on initiation of aspirin [45,47–49]. As a result, women were not ‘buying into’ a concept of pre-

vention. Safety concerns were exacerbated by difficulties to assess aspirin and inconsistent

information about aspirin use in pregnancy (see physical and social opportunity section). Both

themes were linked creating fine necessity-concern balance responsible for a decision-making

process related to initiation of the treatment.

‘‘Some participants said that they rather avoided taking ‘medication’ in general and especially
during pregnancy. In this respect, aspirin ‘felt more like medication’ than calcium, as the latter
was considered to be a ‘natural’ substance.” [49]

‘‘I didn’t like taking medications in general.” [47,50]

‘‘Some participants expressed concerns about lack of information on the risks of LDA: “I’m not
sure I would [take aspirin] during pregnancy unless the data showed that it was safe.” [45]

Reflective motivation: Facilitators. Explicit cognitive processes such as evaluation of past

experience, and matching expectations [52] played facilitative role in the decision making

related to initiation of aspirin. In this review cognitive processes involved in the decision mak-

ing were aided by the following concepts: ‘Buying into prevention’, ‘Meeting expectations’,

and ‘Taking control’.

Buying into prevention. Women arrived at a decision to take aspirin in pregnancy

through reflective processes involving weighing benefits and disadvantages of aspirin use and

accepting the idea of prevention.
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“I knew that I’d started aspirin very early and so I knew that hopefully that would have, you
know, theoretically had an impact on the kind of placental development which I was hoping
was gonna stand me in good stead . . .” [46]

Meeting expectations. Having been prewarned about a need for aspirin prophylaxis, a

follow up recommendation in antenatal period reinforced importance of this preventative

strategy.

“I knew that I’d started aspirin very early and so I knew that hopefully that would have, you
know, theoretically had an impact on the kind of placental development which I was hoping
was gonna stand me in good stead . . .” [46]

‘‘I knew exactly what was gonna happen at sort of what point cos I’d already been like pre-
warned.” [46]

Taking control. More women also felt that they should be in control of prevention taking

ownership of their antenatal care.

‘‘I think prevention is better than cure.” ‘‘. . .it was considered important that everyone, irre-
spective of one’s risk of pre-eclampsia, should get the option to make this choice: “Not giving
people a choice is worse than the possibility of worrying them by telling. If you worry about it
and there is something available, then at least you can do something about.” [49]

Implementation of low dose aspirin. The implementation phase of adherence is defined

as adherence to the dosing regimen i.e., how closely actual dosing corresponds with the pre-

scribed one. The main themes related to implementation process are illustrated in Fig 3.

Psychological capability: Barriers. Sense of ‘Being overwhelmed’ and ‘Insufficient

knowledge’ acted as barriers to implementation under the psychological capability category.

Being overwhelmed. The overwhelming sensation present at the initiation, persisted

throughout the implementation phase with women often being overwhelmed with the number

of medicines they were required to take as well as by other routine tasks.

“To be honest with you, I was taking a lot. There was a time where I was taking eight per day;
that included things like Elevit, Vitamin D,my blood pressure medication and aspirin, yeah,

so a lot. I had to take my diabetic medication, Aspirin,Macrolide, Folate and Vitamin D and
Calcium so yeah it was hard to keep track of all of it.” [50]

“Erm, I have missed a couple of times. I tend to be fine when I’m at work cos I remember to
take them when I’m at work but it’s on a weekend when I’ve got like my three-year-old and
I’m trying to do the housework and keep everything going, it tends to be those days that I for-
get.” [46]

Insufficient knowledge. Women were not aware of what dose or formulation of aspirin

should be used.

‘The women were not always advised on exactly how to take the medication; what formula-
tion to take, when to take it or for how long.” [46]
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Psychological capability: Facilitators

Behavioral regulation/strategies. To support regular use of aspirin women used various

monitoring and planning strategies grouped under a facilitative theme ‘Behavioral regulation/

strategies’.

“I got a tablet box, like a daily one and like I put them in and I know if I haven’t taken them
kind of thing.” (ASPQUA07); “I mean I’ve missed a couple of days, but it’s not been like every
day. I’ve got an alarm set on me phone to remind us to take it . . .” [46]

“I put all my medications in my room in my drawer so I knew when I went to bed I pulled out
the drawer and get all my medications out ready and yeah go to bed. I knew where all my
medication was, and I had to take it.” [50]

“In addition to developing a routine, some women also used reminders, calendars and pill
boxes to support adherence and establish new routines/habits, reducing unintentional non-
adherence.” [48]

Physical capability: Barriers. ‘Pregnancy related nausea and vomiting’, and ‘Tiredness’

were themed under the physical capability category that hindered implementation.

Pregnancy related nausea and vomiting. This provides a context outlining physical cir-

cumstances in which pregnant women were advised to start aspirin. Women are advised to

Fig 3. Barriers to implementation of aspirin.

https://doi.org/10.1371/journal.pone.0302720.g003
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commence aspirin therapy at around 12 weeks gestation, at a time when pregnancy related

sickness remains prevalent. Some women are not able to consume even small volumes of fluid,

so consuming aspirin dissolved in water could prove a challenge to them. Yet, this is a very

common formulation of aspirin that is dispensed to pregnant women.

“I think there’s also been a couple of mornings, I think particularly early on when I was taking
it, where I did feel quite sick in the morning and I was taking the dissolvable aspirin, and it
did make me feel really queasy . . .” “I didn’t like taking it in water . . . it was like the after-
taste of it . . .” [46]

Tiredness. In addition, physical tiredness associated with pregnancy prevented women

from sticking to their routines of taking aspirin.

“When I got into bed and forgot to take all my medications, I went ‘I’m not getting back out of
bed. I’m exhausted. Yeah, I’m in bed for the night now. I know later on I’m going to get out of
bed a million times. No, I’m not getting out just to take medication.” [50]

Social opportunity: Barriers

Wider family influence. ‘Wider family influence’ served as a key influence of the imple-

mentation. In a context of conflicting massages ‘Wider family influence’ served as a barrier to

use of aspirin as advised. Negative influence caused by contradictory advice was amplified by

family members and significant others who in turn have the ability to influence women’s deci-

sions regarding the use of aspirin in pregnancy.

“The chemist kept telling me that I should not take aspirin while I was pregnant despite my
doctor’s advice. This made my husband and mother very concerned, and they discouraged me
from taking the aspirin.” [50]

Social opportunity: Facilitators

Support from family members and HCPs. Support provided by family members and

HCPs through reminding and reiterating the importance of keeping up with taking aspirin

played an important facilitative role in supporting women to continue to take aspirin as

advised.

“I remember my doctor saying not to forget to take my medications, especially the aspirin, so
actually I do recall her saying that to me and made it think it must be important for her to say
that.” [50]

‘‘Many having strategies to help them remember their medication, which included phone
reminders, pill boxes and often their partners.” [46]

Physical opportunity: Barriers

Access to medication. ‘Access to medication’ was reported as a barrier to implementation

as women had difficulties to replenish aspirin supply.
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‘‘Replenishing medication was really difficult. I took it to the doctors, but they didn’t put it on
the prescription, so I then I had to ring up my hospital too and get my medication cos the doctors
didn’t have it on their system. This happened a couple of times to be honest and I did go without
medication for a few days because like it was so much of a hassle to try and get it . . .” [48]

Physical opportunity: Facilitators

Resources and flexibility within the health care system. Some studies reported that the

availability of resources and flexibility within the health care system provided women with

additional support at the implementation phase:

‘‘My doctor spent a lot of time to talk to us about it and put our mind at ease. She also called
the chemist after we left.” [50]

Automatic motivation: Barriers

Lack of habit. When implementing aspirin therapy in pregnancy one study reported that

women had little or no habit of taking medicines making it harder to keep up with taking aspi-

rin regularly:

‘‘I think, perhaps, I am not in very much in the habit of taking things” [48]

Reflective motivation: Barriers

Necessity-concerns balance. ‘Necessity-concerns balance’ remained a key theme withing

reflective motivation category. It was supported by a number of sub-themes capturing nature

of prevention treatment, beliefs about the disease and capabilities, and reflection on conflicting

information was giving rise to further safety concerns. The concept of aspirin uses for PE pre-

vention, rather than as a treatment of an existent condition, demonstrated to be a challenge for

some women and prevented them from sticking to a regular treatment. Some women had little

self-efficacy related to regular use of medicine, others were discouraged from taking aspirin

upon reflection on conflicting information provided from different sources.

‘‘I didn’t have any symptoms of high blood pressure I think it (taking aspirin) would have
probably been more reassuring for somebody who has it because you can see a distinct differ-
ence between pre-aspirin, post-aspirin.” [47]

‘‘No symptoms would arise if I didn’t take it, kind of thing. Forgetting it didn’t lead to any inci-
dents kind of . . . or symptoms I suppose, which would make you to have the medicine” [48]

‘‘I’m no good at taking tablets even the folic acid tablets and stuff I didn’t really take them.

Yeah, I think I’m just generally bad at taking tablets [. . . ] I would give it a go but I would
probably be the same . . .” [48]

“The negative impact of inconsistent messaging between HCPs was evident through the quali-
tative data in which women elaborated on how to information they obtained from multiple
HCPs influenced their adherence with aspirin (both positively and negatively): The chemist
told me that I should not take aspirin while I was pregnant despite my doctor’s advice.”[50]
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Reflective motivation: Facilitators

Buying into a concept of prevention. On the other hand, good understanding of risks of

the disease and potential benefits of aspirin summarised under ‘Buying into a concept of pre-

vention’ theme facilitated adherence.

“No I think because of what happened the first time, I was conscious, I knew I had to take it
every day, to see if it helped”. [46]

“When I was told by the first doctor, I was still a bit skeptical and it’s only when I saw the sec-
ond and third doctor, it sunk in and I thought, it must be important as they are all saying the
same thing. It then made sense. It works well when doctors communicate the same thing, it
gives us confidence.” [50]

“I remember my doctor saying not to forget to take my medications, especially the aspirin, so
actually I do recall her saying that to me and made it think it must be important for her to say
that.” [50]

Early discontinuation of low dose aspirin. Current clinical guidelines specify therapy

discontinuation time: (ACOG, 2019; NICE, 2018). Therefore, non-adherence at discontinua-

tion phase could be of two different types: early discontinuation that signifies complete discon-

tinuation before the end date of prescribed therapy, and continuation of therapy beyond the

end date. Although we searched for both types of non-adherence behaviour at the discontinua-

tion phase, only evidence related to early discontinuation was found (Fig 4 shows the main

Fig 4. Barriers to timely discontinuation of aspirin in pregnancy.

https://doi.org/10.1371/journal.pone.0302720.g004
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themes related to the discontinuation process). Themes in this phase of adherence highlight

the importance of a changing context in terms of ‘psychological’ and ‘environmental priori-

ties’, changes to ‘Necessity-concerns balance’ with an addition to ‘Unconditional social sup-

port’ provided to pregnant women.

Psychological capability influencing discontinuation

Changing priorities. Pregnancy is an ever-changing state in terms of physical and emo-

tional status. The shift in priorities from a hypothetical risk of PE to developing a different

health condition or having higher ranked emotional priority resulted in abrupt discontinua-

tion when women were supposed to continue it intake.

‘‘Events such as a change in medical condition, significant social issue such as housing prob-
lems and loss of a family member were coded as critical incidents affecting adherence.” [48]

Physical opportunity influencing discontinuation

Changing environmental priorities. Similarly, to psychological capability, environmental

landscape often changes. Some women may experience critical events related to housing

whether it is moving houses due to family expansion or loosing current housing. At this stage

of life, basic environmental issues take priority over aspirin prophylactic therapy.

‘‘I think the worst things that could happen, we also had to move out of our flat . . .” [48]

Social opportunity influencing discontinuation

Unconditional support. Interestingly, unconditional support available to women played

a negative role in the process of discontinuation. Women were supported regardless of the

decision they were making about the use of aspirin.

‘‘and he (partner) said only you can make the choice if you’re not happy taking it then don’t
take it.He says there’s plenty of women that go through pregnancies and don’t take it.” [48]

Reflective motivation influencing discontinuation. Another reason for abrupt discon-

tinuation was a disturbed balance between necessity and concerns. This happened as women

were reflecting on critical medical events such as hospitalisation due to bleeding.

‘‘But it was I think when I got there (to the hospital) and it was the bleed, it (aspirin) wasn’t
the first thing that came to my mind. It was when they started asking me questions about
what I take, what I was doing, you know . . . you kind of like go back and go; right, okay, I was
asleep, so there’s nothing there . . .What do I take? They’re like: aspirin, why do you take aspi-
rin? And I told them. And I was like, right, okay, and then it came to me, you know, it’s a
blood thinner duh, duh, duh, duh, duh, duh and then you start.” [48]

Discussion

This systematic review and meta-synthesis of qualitative evidence aimed to compile the evi-

dence on the barriers and facilitators of adherence to low-dose aspirin. Through extensive

searches, we have identified six primary studies that investigate the issue of adherence using
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qualitative methods, all produced recently (since 2019). Considering the decades’ worth of

clinical research into the use of aspirin in pregnancy and world-wide implementation of this

preventative strategy, the issue of adherence seems to have been neglected. A recent global rise

of awareness of issues with adherence to prophylactic aspirin use in pregnancy is reassuring

and we hope will promote more effective use of this preventive treatment.

This systematic review has provided details of barriers and facilitators throughout the

whole process of adherence to aspirin in pregnancy. By using phases of adherence [35] along-

side the COM-B framework, this review identified gaps in knowledge regarding the discontin-

uation phase. No data being exposed and reported about prolonged use of aspirin beyond

recommended timeframe. No data was found concerning to prolonged aspirin use beyond the

recommended timeframe.

Many barriers identified in this review were not exclusive to adherence to prophylactic

therapy in pregnancy but have additional dimensions related to pregnancy. The COM-B

framework has been applied to medication adherence [53] using a wide range of qualitative

and quantitative evidence related to influences of adherence in non-pregnant population [54–

56]. Authors of ‘Applying COM-B to medication adherence: a suggested framework for

research and interventions’ confirmed that the COM-B demonstrates a good match to existent

evidence with a number of determinants extracted from the literature such as depression, sub-

stance abuse, marital status and forgetting mapping onto multiple COM-B components.

Although in our review we had no influences related to depression, substance abuse, and mari-

tal status, forgetfulness was indeed linked to two COM-B components: related to cognitive

overload (being overwhelmed) and lack of habit. Nevertheless, our review was able to identify

key influences of adherence in pregnancy throughout the process of adherence that have criti-

cal importance to adherence to aspirin in pregnancy. ‘Insufficient knowledge’, ‘Necessity-Con-

cerns balance’, ‘Access to medicine’, and ‘Social influence’ themes persisted as key influences

across more than one phase of adherence.

Further, ‘Lack of habit’ during the implementation phase led to compromised adherence in

women, even when their other key needs (‘Knowledge’, ‘Necessity-Concerns’, ‘Access to medi-

cine’, ‘Social influence’) were being addressed.

Psychological capability was undermined by insufficient knowledge amongst women (as

demonstrated in our review) but also amongst health care professionals [57–59]. This phe-

nomenon is likely inherited by systemic exclusion of pregnant women from clinical trials in

post Thalidomide scandal era [60]. Reflective processes described in the literature under the

Necessity-Concerns framework [61], used by patients to weigh risks and benefits of medicine

use, are more complex in pregnancy and rich beyond direct risks and benefits related to the

mother herself. Risk-benefit consideration are further complicated by poor quality informa-

tion and conflicting views expressed by health care professionals. It was highlighted in a recent

study reporting pregnant women being denied or given negative comments about use of medi-

cine that is needed to manage or prevent serious medical conditions in pregnancy [62]. Infor-

mation related to medicine use in pregnancy shared via the internet also seemed to increase

unjustified anxiety as fears of women are amplified by the global web [63], leading to an

increase in concerns about the use of medicines in pregnancy in general.

Women’s concerns are further exacerbated by restricted access to aspirin. Despite being

accessible in larger doses without a prescription over the counter, pharmacists necessitate a

prescription to provide aspirin to pregnant women. This creates barriers to initiation and

implementation of the treatment directly by making aspirin not accessible but also via initia-

tion of reflective cognitive processes related to safety of the drug.

While concerns related to use of aspirin prevailed, there was evidence suggestive of reduced

sense of necessity in preventative medicine as some women struggled to identify with the risk
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factors assigned to them by health care professionals. In a study of the psychological impact of

providing women with risk information for PE, Harris et al described a typology of women

differentiated by their reaction to allocation to a high-risk category in the absence of a reliable

mitigation strategy: danger managers and fear managers. ‘‘Fear managers” unlike ‘‘danger

managers” are embarking in an emotional path, feeling lack of control over disease prevention,

and relying on medical professionals for reassurance with both ‘‘fear managers” and ‘‘danger

managers” having low perception of risk [64]. Indeed, our review shows that despite being

identified by HCPs at increased risk of PE, some women struggle to identify with risk alloca-

tion and some women feel lack of control over the condition [48]. This is likely due to their

personal illness cognitions related to the nature of the disease, time-course, consequences,

causal factors and control of the disease as described by the common-sense model of illness

[65], that are based on misleading or little information available to women about PE, its risks,

consequences, and preventative treatments.

‘Social influence’ by significant others and peers played an important role in adherence. Being

pregnant involves a high degree of social circles involvement. Our review gathered evidence of

involvement from partners, mother-in-law, grandmothers, friends, midwifes, neighbours and

unknown individuals from internet forums, all being readily available to support women with

their chosen course of action. This permissive culture during pregnancy calls for special attention

of health care professionals and researchers with an interest in behavioural change.

Finally, adherence during the implementational phase is heavily relying on the development

of new routines for medication intake. This review highlighted that women may be lacking on

medication intake habits and need to be upskilled to develop new medication intake routines.

Strengths and limitations

This is first systematic review and meta-synthesis of studies exploring issues of adherence to

aspirin prophylaxis. Using the COM-B, we provide a comprehensive account of the barriers

and facilitators related to adherence to aspirin in pregnancy. Close engagement of members of

the public and representatives from relevant charities in this review allowed them to contribute

to interpretation of the qualitative research, immerse in the scientific evidence available to date

and enhanced their ability to engage in future work supporting intervention development and

implementation.

This work has also benefited from input from an information scientist who supported the

development of a comprehensive search strategy. In addition to comprehensive searches, we

used dual screening processes to maximise identification of relevant literature [66]). Inclusion

of grey literature in this review and meta-synthesis helped to widen literature searches and

reduced the possibility of publication bias [67]. Although, this review attempted to conduct a

comprehensive search of grey literature and utilised all available avenues for finding relevant

work, a complex nature of searching for grey literature may mean that not all sources have

been explored.

We acknowledge that this review is limited by the inclusion of only publicly available quali-

tative data, as full datasets (original transcripts) were not requested from the authors. This is

due to potential issues arising from sharing qualitative data related to limited consent and data

protection [68] that could have restricted data sharing. The ability to share data for some stud-

ies but not others could have created overrepresentation of one study data over those unable to

share. Inclusion of second level constructs (authors’ interpretations), however, helped to

expand and explain original data.

We recognise that inclusion of authors interpretations could have magnified researcher-

related bias of the original research. Despite the fact that in some of the studies relationships
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between the researcher and participants were not adequately considered and the rigor of the

data analysis not always easy to judge, we are confident in our synthesis findings as the pres-

ence of the themes in many cases were confirmed from different articles by different authors.

As well as having themes that had rich contribution from multiple papers, we did not

exclude themes reported by a single source. The ‘Discontinuation’ phase is an example with a

single author reporting on this phase. This is not reflective of a lesser importance of the discon-

tinuation phase but likely related to the relatively small body of available evidence and to a

very detailed approach taken in this meta-synthesis.

We would also like to highlight that two of the researchers in this review is also an author of

two out of the six included studies. Although this added to expert knowledge of the field, it was

important for the review team that the reviewer’s original studies were not over-represented.

Researcher triangulation [69] was used to increase validity and to reduce the likelihood of

over/under representation of the study’s data: a proportion of the included material was ana-

lyzed independently by a trained public contributor (EH) with stakeholders’ active participa-

tion and oversight of all stages of this systematic review and meta-synthesis. A step-by-step

systematic review and framework synthesis were followed to increase the transparency of the

review, with raw data available in (S5 and S6 Files).

Although qualitative research is not attempting to achieve generalizability, it provides an

in-depth understanding of phenomena. This review demonstrated that similar barriers and

facilitators of adherence to aspirin were described in different geographical as well as user set-

tings. However, it is important to note that this review relies on data from high-income coun-

tries only and cannot be directly generalized to low-income countries’ contexts.

Implications

Global breadth of this systematic review indicates that problematic adherence to aspirin is

widely acknowledged but rarely addressed. Authors are aware of only two published interven-

tions that aimed to improve adherence to aspirin through addressing educational components

only [70,71]and one currently trailed intervention with a wider reach but of uncertain effec-

tiveness [72]. As it is evident from this review that an addition of components that address

access to medication, considers necessity-concerns balance effectively, utilises social support

as well as helps to develop habits, could maximise effectiveness of future interventions. Cur-

rently, in absence of proven and effective interventions, health care providers could pay partic-

ular attention to the above-mentioned components while supporting women at increased risk

of PE to engage in aspirin intake as a prophylactic measure.

Future research directions

Intervention development

Understanding the key influences on adherence to aspirin is the first essential step in interven-

tion development [36]. Further work should involve a step-wise approach to intervention

development: identifying intervention functions and determining content and implementa-

tion options. This process should be facilitated by key stakeholders to increase the acceptability

of the future intervention and expedite its implementation in clinical practice [73].

Further focus on timely discontinuation

In this review, no data related to the continuous administration of aspirin beyond the recom-

mended time frame was found. This is not because the issue is nonexistent, but rather because

it has not been adequately represented in qualitative research to date. Studies have primarily
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focused on aspirin prophylaxis in general, rather than addressing different phases of adher-

ence. However, the issue of treatment continuation beyond the recommended time point has

been highlighted in the Collaborative Low-dose Aspirin Study in Pregnancy (CLASP) trial,

which was not included in this review as it does not contain qualitative data. In the CLASP

trial, 53% of women extended aspirin treatment beyond the recommended timeframe [74].

Addressing this aspect of non-adherence becomes important as new evidence emerges related

to the increased risk of bleeding in this cohort of women [75–77], as well as some evidence

related to potential early discontinuation of aspirin [78]. As the international research commu-

nity continues to advance knowledge related to the timing of discontinuation of aspirin treat-

ment for PE prevention, it is crucial to highlight the need for exploring the reasons for the lack

of discontinuation of this treatment and how these can be circumvented.

Research in developing countries

Finally, all studies included in this review originate from high-income countries with well-

established healthcare systems. Issues related to the implementation of aspirin use in low-

income countries are not represented in the literature and are likely to differ significantly. The

potential benefits of aspirin prophylaxis for reducing the risk of early onset of PE, which often

leads to preterm delivery, are likely to be significantly higher in settings with limited availabil-

ity of healthcare resources [79]. Exploring the utilisation of aspirin prophylaxis in low-income

countries at the policy, healthcare provider, and service user levels, with the aim of implement-

ing this treatment safely and effectively, could significantly impact the landscape of healthcare

for women and babies in these regions.

Conclusion

The COM-B framework allowed for detailed behavioural diagnosis of influences of adherence

to aspirin in pregnancy based on the existing literature. This now provides a solid foundation

for a process of intervention development with key target influences related to Psychological

Capability (Inadequate knowledge), Physical opportunity (Access to medicine), Social Oppor-

tunity (Social Influences), Reflective and Automatic Motivation (Necessity-Concerns balance

and Lack of Habit).

Having clear evidence of the influences of adherence, co-produced with key stakeholders,

will improve and expedite the co-production of an evidence-based intervention that is feasible

and acceptable for a wide range of stakeholders.

Although potential intervention functions could be suggested based on the results of this

synthesis, additional co-production work is needed to define elements of a future intervention

[80,81].

Inclusive language acknowledgement for pregnancy-related terms

We recognize and affirm that when we use the term ’women,’ it is intended to be inclusive of

all pregnant individuals. Our language is chosen with the understanding that gender identity is

diverse, and we respect and acknowledge the experiences of all individuals who may become

pregnant. By using ’women,’ we aim to honour the shared experiences of those who identify as

women, as well as those whose gender identity may not align with the term but who share the

experience of pregnancy.
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Linda Errington, Vera Araújo-Soares, Judith Rankin.

References

1. Abalos E, Cuesta C, Grosso AL, Chou D, Say L. Global and regional estimates of preeclampsia and

eclampsia: a systematic review. European Journal of Obstetrics & Gynecology and Reproductive Biol-

ogy. 2013; 170(1):1–7.

2. Saving Mothers’ Lives: Reviewing maternal deaths to make motherhood safer: 2006–2008. BJOG: An

International Journal of Obstetrics & Gynaecology. 2011; 118(s1):1–203.

3. Khan KS, Wojdyla D, Say L, Gülmezoglu AM, Van Look PFA. WHO analysis of causes of maternal

death: a systematic review. The Lancet. 2006; 367(9516):1066–74. https://doi.org/10.1016/S0140-

6736(06)68397-9 PMID: 16581405

PLOS ONE Adherence to aspirin in pregnancy: A co-produced systematic review and framework synthesis.

PLOS ONE | https://doi.org/10.1371/journal.pone.0302720 May 3, 2024 23 / 27

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0302720.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0302720.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0302720.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0302720.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0302720.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0302720.s006
https://doi.org/10.1016/S0140-6736(06)68397-9
https://doi.org/10.1016/S0140-6736(06)68397-9
http://www.ncbi.nlm.nih.gov/pubmed/16581405
https://doi.org/10.1371/journal.pone.0302720


4. Chappell LC, Cluver CA, Kingdom J, Tong S. Pre-eclampsia. The Lancet. 2021.

5. Fox A, McHugh S, Browne J, Kenny LC, Fitzgerald A, Khashan AS, et al. Estimating the Cost of Pre-

eclampsia in the Healthcare System. Hypertension. 2017; 70(6):1243–9.

6. Wu P, Haththotuwa R, Kwok CS, Babu A, Kotronias RA, Rushton C, et al. Preeclampsia and Future

Cardiovascular Health: A Systematic Review and Meta-Analysis. Circulation Cardiovascular quality and

outcomes. 2017; 10(2). https://doi.org/10.1161/CIRCOUTCOMES.116.003497 PMID: 28228456

7. de Havenon A, Delic A, Stulberg E, Sheibani N, Stoddard G, Hanson H, et al. Association of Preeclamp-

sia With Incident Stroke in Later Life Among Women in the Framingham Heart Study. JAMA Netw

Open. 2021; 4(4):e215077-e. https://doi.org/10.1001/jamanetworkopen.2021.5077 PMID: 33900402

8. Report WH. Make every mother and child count. World Health Organization. 2005.

9. NICE guideline 133: Hypertension in pregnancy: diagnosis and management, (2019).

10. ACOG Committee Opinion No. 743: Low-Dose Aspirin Use During Pregnancy, 132 (2018).

11. Bujold E, Morency A-M, Roberge S, Lacasse Y, Forest J-C, Giguère Y. Acetylsalicylic Acid for the Pre-

vention of Preeclampsia and Intra-uterine Growth Restriction in Women with Abnormal Uterine Artery

Doppler: A Systematic Review and Meta-analysis. Journal of Obstetrics and Gynaecology Canada.

2009; 31(9):818–26. https://doi.org/10.1016/S1701-2163(16)34300-6 PMID: 19941706

12. Roberge S, Nicolaides K, Demers S, Hyett J, Chaillet N, Bujold E. The role of aspirin dose on the pre-

vention of preeclampsia and fetal growth restriction: systematic review and meta-analysis. American

journal of obstetrics and gynecology. 2017; 216(2):110–20. e6. https://doi.org/10.1016/j.ajog.2016.09.

076 PMID: 27640943

13. Henderson JT, Vesco KK, Senger CA, Thomas RG, Redmond N. Aspirin use to prevent preeclampsia

and related morbidity and mortality: updated evidence report and systematic review for the US Preven-

tive Services Task Force. Jama. 2021; 326(12):1192–206. https://doi.org/10.1001/jama.2021.8551

PMID: 34581730

14. Mone F, Mulcahy C, McParland P, Breathnach F, Downey P, McCormack D, et al. Trial of feasibility and

acceptability of routine low-dose aspirin versus Early Screening Test indicated aspirin for pre-eclampsia

prevention (TEST study): a multicentre randomised controlled trial. BMJ Open. 2018; 8(7):e022056.

https://doi.org/10.1136/bmjopen-2018-022056 PMID: 30056389

15. Rolnik DL, Wright D, Poon LC, O’Gorman N, Syngelaki A, de Paco Matallana C, et al. Aspirin versus

Placebo in Pregnancies at High Risk for Preterm Preeclampsia. N Engl J Med. 2017; 377(7):613–22.

https://doi.org/10.1056/NEJMoa1704559 PMID: 28657417

16. Abheiden CNH, van Reuler AVR, Fuijkschot WW, de Vries JIP, Thijs A, de Boer MA. Aspirin adherence

during high-risk pregnancies, a questionnaire study. Pregnancy Hypertension: An International Journal

of Women’s Cardiovascular Health. 2016; 6(4):350–5. https://doi.org/10.1016/j.preghy.2016.08.232

PMID: 27939481

17. van Montfort P, Scheepers HCJ, van Dooren IMA, Meertens LJE, Zelis M, Zwaan IM, et al. Low-dose-

aspirin usage among women with an increased preeclampsia risk: A prospective cohort study. Acta

Obstetricia et Gynecologica Scandinavica. 2020;n/a(n/a). https://doi.org/10.1111/aogs.13808 PMID:

31953956

18. Wright D, Poon LC, Rolnik DL, Syngelaki A, Delgado JL, Vojtassakova D, et al. Aspirin for Evidence-

Based Preeclampsia Prevention trial: influence of compliance on beneficial effect of aspirin in preven-

tion of preterm preeclampsia. American Journal of Obstetrics and Gynecology. 2017; 217(6):685.e1-.

e5. https://doi.org/10.1016/j.ajog.2017.08.110 PMID: 28888591

19. WHO. Adherence to long-term therapies:evidence for action. 2003.

20. Sokol MC, McGuigan KA, Verbrugge RR, Epstein RS. Impact of medication adherence on hospitaliza-

tion risk and healthcare cost. Medical care. 2005; 43(6):521–30. https://doi.org/10.1097/01.mlr.

0000163641.86870.af PMID: 15908846

21. Greenhalgh T, Jackson C., Shaw S., Janamian T., . Achieving Research Impact Through Co-creation in

Community-Based Health Services: Literature Review and Case Study. The Milbank Quarterly. 2016;

94:392–429. https://doi.org/10.1111/1468-0009.12197 PMID: 27265562

22. Pollock A, Campbell P, Struthers C, Synnot A, Nunn J, Hill S, et al. Development of the ACTIVE frame-

work to describe stakeholder involvement in systematic reviews. Journal of health services research &

policy. 2019; 24(4):245–55. https://doi.org/10.1177/1355819619841647 PMID: 30997859

23. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020

statement: an updated guideline for reporting systematic reviews. BMJ. 2021; 372:n71. https://doi.org/

10.1136/bmj.n71 PMID: 33782057

24. Bee P BH, Callaghan P, Lovell K. A research handbook for patient and public involvement researchers:

Manchester University Press; 2018.

PLOS ONE Adherence to aspirin in pregnancy: A co-produced systematic review and framework synthesis.

PLOS ONE | https://doi.org/10.1371/journal.pone.0302720 May 3, 2024 24 / 27

https://doi.org/10.1161/CIRCOUTCOMES.116.003497
http://www.ncbi.nlm.nih.gov/pubmed/28228456
https://doi.org/10.1001/jamanetworkopen.2021.5077
http://www.ncbi.nlm.nih.gov/pubmed/33900402
https://doi.org/10.1016/S1701-2163(16)34300-6
http://www.ncbi.nlm.nih.gov/pubmed/19941706
https://doi.org/10.1016/j.ajog.2016.09.076
https://doi.org/10.1016/j.ajog.2016.09.076
http://www.ncbi.nlm.nih.gov/pubmed/27640943
https://doi.org/10.1001/jama.2021.8551
http://www.ncbi.nlm.nih.gov/pubmed/34581730
https://doi.org/10.1136/bmjopen-2018-022056
http://www.ncbi.nlm.nih.gov/pubmed/30056389
https://doi.org/10.1056/NEJMoa1704559
http://www.ncbi.nlm.nih.gov/pubmed/28657417
https://doi.org/10.1016/j.preghy.2016.08.232
http://www.ncbi.nlm.nih.gov/pubmed/27939481
https://doi.org/10.1111/aogs.13808
http://www.ncbi.nlm.nih.gov/pubmed/31953956
https://doi.org/10.1016/j.ajog.2017.08.110
http://www.ncbi.nlm.nih.gov/pubmed/28888591
https://doi.org/10.1097/01.mlr.0000163641.86870.af
https://doi.org/10.1097/01.mlr.0000163641.86870.af
http://www.ncbi.nlm.nih.gov/pubmed/15908846
https://doi.org/10.1111/1468-0009.12197
http://www.ncbi.nlm.nih.gov/pubmed/27265562
https://doi.org/10.1177/1355819619841647
http://www.ncbi.nlm.nih.gov/pubmed/30997859
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/33782057
https://doi.org/10.1371/journal.pone.0302720


25. Riesenberg LA, Justice EM. Conducting a successful systematic review of the literature, part 1. Nurs-

ing2023. 2014; 44(4):13–7. https://doi.org/10.1097/01.NURSE.0000444728.68018.ac PMID:

24646574

26. Butler A, Hall H, Copnell B. A guide to writing a qualitative systematic review protocol to enhance evi-

dence-based practice in nursing and health care. Worldviews on Evidence-Based Nursing. 2016; 13

(3):241–9. https://doi.org/10.1111/wvn.12134 PMID: 26790142

27. Adams J, Hillier-Brown F.C., Moore H.J. et al.,. Searching and synthesising ‘grey literature’ and ‘grey

information’ in public health: critical reflections on three case studies. Syst Rev. 2016; 5. https://doi.org/

10.1186/s13643-016-0337-y PMID: 27686611

28. CASP. Critical Appraisal Skills Programme Qualitative Checklist 2018 [accessed 18.02.2023]. Available

from: https://casp-uk.net/casp-tools-checklists/.

29. Bryman A, Burgess RG. Analyzing qualitative data: Routledge London; 1994.

30. Oliver S, Clarke-Jones L, Rees R, Milne R, Buchanan P, Gabbay J, et al. Involving consumers in

research and development agenda setting for the NHS: developing an evidence-based approach.

2004.

31. Jones ML. Application of systematic review methods to qualitative research: practical issues. Journal of

advanced nursing. 2004; 48(3):271–8. https://doi.org/10.1111/j.1365-2648.2004.03196.x PMID:

15488041

32. Brunton G, Oliver S, Thomas J. Innovations in framework synthesis as a systematic review method.

Research synthesis methods. 2020; 11(3):316–30. https://doi.org/10.1002/jrsm.1399 PMID: 32090479

33. Srivastava A. Framework Analysis: A Qualitative Methodology for Applied Policy Research (2 Jan,

2009). 4 Journal of Administration and Governance. Journal of Administration and Governance. 2009.

34. Michie S, van Stralen MM, West R. The behaviour change wheel: a new method for characterising and

designing behaviour change interventions. Implement Sci. 2011; 6:42. https://doi.org/10.1186/1748-

5908-6-42 PMID: 21513547

35. Vrijens B, De Geest S, Hughes DA, Przemyslaw K, Demonceau J, Ruppar T, et al. A new taxonomy for

describing and defining adherence to medications. British Journal of Clinical Pharmacology. 2012; 73

(5):691–705. https://doi.org/10.1111/j.1365-2125.2012.04167.x PMID: 22486599

36. Michie S, Atkins L, West R. The behaviour change wheel. A guide to designing interventions 1st ed

Great Britain: Silverback Publishing. 2014; 1003:1010.

37. Michie S, Van Stralen MM, West R. The behaviour change wheel: a new method for characterising and

designing behaviour change interventions. Implementation science. 2011; 6:1–12.

38. West R, Michie S. A brief introduction to the COM-B Model of behaviour and the PRIME Theory of moti-

vation [v1]. Qeios. 2020.

39. Meadows M. Pregnancy and the drug dilemma. FDA Consumer. 2001; 35(3):16–20. PMID: 11458544

40. Borchard-Tuch C. Pregnancy-related hypertension is a serious business. 2008; 153:28–30.

41. Skeith L, Rodger MA, Bates SM, Gonsalves C, Karovitch A, Taylor TS. “Part of the Ritual”: Exploring

Patient and Physician Decision Making Regarding Anticoagulation Use in Obstetric Antiphospholipid

Syndrome. Thrombosis and Haemostasis. 2021; 121(10):1353–60. https://doi.org/10.1055/a-1366-9261

PMID: 33472256

42. Nikčević AV, Dodd Z, Prior J, O’Gorman N, Poon LC, Nicolaides KH. Reasons for accepting or declining

participation in the ASPRE trial: A qualitative study with women at high risk of preterm pre-eclampsia.

Prenatal Diagnosis. 2019; 39(12):1127–35. https://doi.org/10.1002/pd.5554 PMID: 31479510

43. Olson DN, Russell T, Ranzini AC. Assessment of adherence to aspirin for preeclampsia prophylaxis

and reasons for nonadherence. American Journal of Obstetrics & Gynecology MFM. 2022; 4

(5):100663. https://doi.org/10.1016/j.ajogmf.2022.100663 PMID: 35580761

44. Navaro M, Vezzosi L, Santagati G, Angelillo IF, Collaborative Working G. Knowledge, attitudes, and

practice regarding medication use in pregnant women in Southern Italy. PLOS ONE. 2018; 13(6):

e0198618. https://doi.org/10.1371/journal.pone.0198618 PMID: 29920515

45. Ahmed S, Brewer A, Tsigas EZ, Rogers C, Chappell L, Hewison J. Women’s attitudes, beliefs and val-

ues about tests, and management for hypertensive disorders of pregnancy. BMC Pregnancy Childbirth.

2021; 21(1):665. https://doi.org/10.1186/s12884-021-04144-2 PMID: 34592942

46. Fenn A, Lie M, Vinogradov R; Robson SC, Kunadian V Women’s perceptions of a high-risk pregnancy

and their motives and beliefs which influence aspirin therapy. BJOG. 2019: 33.

47. Vinogradov R, Smith V, Robson S, V A-S. Informational needs related to aspirin prophylactic therapy

amongst pregnant women at risk of preeclampsia–A qualitative study. Pregnancy Hypertension. 2021;

25:161–8. https://doi.org/10.1016/j.preghy.2021.06.006 PMID: 34147883

PLOS ONE Adherence to aspirin in pregnancy: A co-produced systematic review and framework synthesis.

PLOS ONE | https://doi.org/10.1371/journal.pone.0302720 May 3, 2024 25 / 27

https://doi.org/10.1097/01.NURSE.0000444728.68018.ac
http://www.ncbi.nlm.nih.gov/pubmed/24646574
https://doi.org/10.1111/wvn.12134
http://www.ncbi.nlm.nih.gov/pubmed/26790142
https://doi.org/10.1186/s13643-016-0337-y
https://doi.org/10.1186/s13643-016-0337-y
http://www.ncbi.nlm.nih.gov/pubmed/27686611
https://casp-uk.net/casp-tools-checklists/
https://doi.org/10.1111/j.1365-2648.2004.03196.x
http://www.ncbi.nlm.nih.gov/pubmed/15488041
https://doi.org/10.1002/jrsm.1399
http://www.ncbi.nlm.nih.gov/pubmed/32090479
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/pubmed/21513547
https://doi.org/10.1111/j.1365-2125.2012.04167.x
http://www.ncbi.nlm.nih.gov/pubmed/22486599
http://www.ncbi.nlm.nih.gov/pubmed/11458544
https://doi.org/10.1055/a-1366-9261
http://www.ncbi.nlm.nih.gov/pubmed/33472256
https://doi.org/10.1002/pd.5554
http://www.ncbi.nlm.nih.gov/pubmed/31479510
https://doi.org/10.1016/j.ajogmf.2022.100663
http://www.ncbi.nlm.nih.gov/pubmed/35580761
https://doi.org/10.1371/journal.pone.0198618
http://www.ncbi.nlm.nih.gov/pubmed/29920515
https://doi.org/10.1186/s12884-021-04144-2
http://www.ncbi.nlm.nih.gov/pubmed/34592942
https://doi.org/10.1016/j.preghy.2021.06.006
http://www.ncbi.nlm.nih.gov/pubmed/34147883
https://doi.org/10.1371/journal.pone.0302720


48. Vinogradov R, Smith V, Robson S, Araujo-Soares V. Aspirin non-adherence in pregnant women at risk

of preeclampsia (ANA): a qualitative study,. Health Psychology and Behavioral Medicine. 2021; 9

(1):681–700. https://doi.org/10.1080/21642850.2021.1951273 PMID: 34395057

49. Vestering A, Bekker MN, Grobbee DE, van der Graaf R, Franx A, Crombag NMT, et al. Views and pref-

erences of medical professionals and pregnant women about a novel primary prevention intervention

for hypertensive disorders of pregnancy: a qualitative study. Reprod Health. 2019; 16(1):46. https://doi.

org/10.1186/s12978-019-0707-8 PMID: 31046778

50. Shanmugalingam R, Mengesha Z, Notaras S, Liamputtong P, Fulcher I, Lee G, et al. Factors that influ-

ence adherence to aspirin therapy in the prevention of preeclampsia amongst high-risk pregnant

women: A mixed method analysis. PLoS One. 2020; 15(2):e0229622. https://doi.org/10.1371/journal.

pone.0229622 PMID: 32106237

51. Gawronski B, Creighton L,. Dual Process Theories in The Oxford Handbook of Social Cognition. Carl-

ston D, editor: Oxford University Press; 2013.

52. Kunde W, Elsner K, Kiesel A. No anticipation-no action: the role of anticipation in action and perception.

Cogn Process. 2007; 8(2):71–8. https://doi.org/10.1007/s10339-007-0162-2 PMID: 17340106
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