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ABSTRACT

Background: Hypertension remains one of the most important
modifiable risk factors for stroke and heart disease. Anti-
hypertensive medications are effective, but are often not used to
maximum benefit. Sub-optimal dosing by prescribers and
challenges with medication-taking for patients remain barriers to
effective blood pressure control.

Objectives: We aimed to systematically develop a theory-based
complex intervention to support General Practitioners (GPs) and
people with hypertension to maximise medication use to control
blood pressure.

Methods: We used the three-phase Behaviour Change Wheel (BCW)
as the overarching intervention development framework. Collective
Intelligence methodology was used to operationalise the
stakeholder input to Phases 2 and 3 of the BCW. This took the form
of a Collective Intelligence workshop with 19 stakeholders from
diverse backgrounds including lived experience, general practice,
nursing, pharmacy and health psychology. Techniques such as
barrier identification, idea-writing and scenario-based design were
used to generate possible intervention options. Intervention options
were then selected and refined using the Acceptability, Practicability,
Effectiveness, Affordability, Side-effects and Equity (APEASE) criteria
and guidance from the MIAMI Public and Patient Involvement Panel.
Results: The finalised MIAMI intervention consists of both GP and
patient supports. GP supports include a 30-minute online training,
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information booklet and consultation guide (drop-down menu)
embedded within the patient electronic health system. Patient
supports include a pre-consultation plan, website, and a structured
GP consultation with results from an Ambulatory Blood Pressure
Monitor and urine chemical adherence test. The intervention
components have been mapped to the intervention functions of the
BCW and Behaviour Change Technique Ontology.

Conclusion: Collective Intelligence offered a novel method to
operationalise stakeholder input to Phases 2 and 3 of the BCW. The
MIAMI intervention is now at pilot evaluation stage.

Introduction

Hypertension is one of the most important risk factors for stroke and heart disease. Inter-
national comparisons have shown that Ireland has relatively high levels of inadequately
managed blood pressure (BP) (Zhou et al., 2019). Recent international guidelines have
stated that ‘poor adherence to treatment - in addition to physician inertia - is the
most important cause of poor BP control’ (McEvoy et al., 2024). Problems with medi-
cation taking, or ‘poor adherence’ are very common in hypertension, with rates
between 30%-50% (Hameed & Dasgupta, 2019; Lawson et al., 2020; Tomaszewski
et al., 2014; Vrijens et al,, 2017) Improving how antihypertensive medications are used
has the potential to quickly reduce BP and the related cardiovascular risk in most patients
(McEvoy et al., 2024). When considered as a behaviour, medication-taking can be
broadly broken into three components: initiation (which occurs when a person takes
the first dose of the prescribed medication); implementation (the extent a patient’s
actual dosing corresponds with the prescribed regime); and discontinuation (which
occurs when the patient stops taking the medication) (Vrijens et al., 2012). A term
related to these behaviours is persistence, which refers to the length of time between
initiation and last dose (Vrijens et al., 2012). A number of interventions have been
implemented to improve medication-taking behaviours in hypertension, and, while
these have generally shown modest improvements, there is no consensus on what inter-
vention ‘ingredients’ are most effective (Morrissey et al., 2017).

Inertia is the second key challenge identified in global blood pressure control (McEvoy
etal., 2024). Clinical inertia is largely seen as failure to advance therapy when appropriate
to do so, an issue that is particularly pertinent in the treatment of hypertension. Two Irish
studies have confirmed that suboptimal dosing is a significant issue in Irish general prac-
tice populations of patients with resistant hypertension (Hayes et al., 2018) and post
stroke and/or transient ischaemic attack (Doogue et al., 2020). However, in terms of
the definition of ‘clinical inertia,” it can be argued that failure to advance therapy is
just one feature of a larger phenomenon. It has been suggested that ‘clinical inertia’ is
not only related to escalation of therapy, but is a much wider concept which encompasses
failure to improve care at many levels of healthcare (Khunti & Davies, 2017). In the
context of hypertension care, we know that conversations around medication-taking
behaviour are often omitted - a recent survey of 200 hypertension specialists in 30
countries found that the topic of medication-taking was suboptimally addressed,
despite its importance (Burnier et al., 2021). A similar survey of healthcare professionals
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(n=3196) working in primary care in Europe found that less than half of respondents
ever asked their patients whether they have missed any doses of their medication
(Clyne et al., 2016).

This avoidance of this topic in the patient-physician consultation may represent a
‘missing piece’ in the medication-taking puzzle, as it is well established that primary
care clinicians can enable patients in their medication-taking practices (Chen et al,
2013; Kerse et al., 2004). A supportive discussion can identify which perceptual and prac-
tical barriers a patient may be facing in their medication taking. For example, a recent
phenomenological hermeneutical study on patients with cardiac conditions’ experiences
with medicines reported the theme of ‘unsuitable without adjustment.” This qualitative
data highlighted how discussion with the prescribing physician and changes to both
the type and dose of medication may be required to make medication suitable to the
patients’ lives (Fuller et al., 2021). Therefore, a systematically developed approach is
needed to ensure that the hypertension consultation includes the topic of medication
taking. This will help avoid that part of clinical inertia that is associated with assessing
patient barriers and facilitators to medication taking and providing appropriate supports
for long-term medication use.

A key objective of the present study was to develop a complex intervention that would
support both General Practitioners (GPs) and people with hypertension to maximise
medication use to control blood pressure. The field of complex intervention development
has benefitted from recent advances in guidance, such as the updated Medical Research
Council (MRC) framework (Skivington et al., 2021) and O’Cathain’s consensus exercise
(O’Cathain et al., 2019). Both emphasise the importance of reviewing the evidence,
drawing on existing theories, using development frameworks (such as the Behaviour
Change Wheel, Michie et al., 2011), articulating programme theory, understanding
context and involving stakeholders throughout the iterative development process.

To generate the evidence required for the intervention development, we conducted
two systematic reviews and three primary studies; this work is outlined in Table 1. We
also set up a ‘Public and Patient Involvement’ (PPI) panel of six people with lived experi-
ence of hypertension and primary care to guide the work.

We selected the three-phase Behaviour Change Wheel (BCW) as the development
framework for this work and used our evidence sources, relevant theory (Horne et al.,
2019; Horne & Weinman, 1999) and PPI input to complete Phase 1, which involves iden-
tifying components of the target behaviour (who, what, where, when, and how often) to
be addressed through the intervention using the COM-B (Capability, Opportunity,
Motivation-Behaviour) model. Table 2 outlines the breakdown of the target behaviours
and mapping of the target ‘modifiable factors.’

Phases 2 and 3 of the BCW are ‘identifying intervention options’ and ‘identifying
content and implementation options.’

Some intervention options were integrated into existing hypertension management
protocols in the Irish context. For example, Ambulatory Blood Pressure Monitoring
(ABPM), is recommended as a key part of the diagnosis and the ongoing management
of blood pressure in primary care in Ireland and many other contexts internationally
(Cepeda et al., 2023). Therefore, the intervention was embedded within general practice
sites” existing ABPM protocols. We also supplemented the ABPM protocol with a chemi-
cal adherence test that was carried out on patient urine samples provided around the time
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Table 2. Phase 1 of the Behaviour Change Wheel.

Medication taking
Target behaviour

Who Person with hypertension

What Taking medication as prescribed
When, where, how often As part of daily routine

Target factor COM-B component

Treatment beliefs Reflective motivation

Habit Automatic motivation

Pill burden Physical opportunity

Inertia

Target behaviour

Who GP

What (1) regularly reviewing a patient’s anti-hypertensive medication to

ensure the optimal dosing
(2) opening conversation about medication use with patients
(3) provide medication-taking supports to patients

When, where, how often As part of regular practice
Target factor COM-B component
Familiarisation with dosing guidelines Psychological capability

Capacity (and time) to have conversations about  Social opportunity
medication use

Competing priorities in consultation Reflective motivation

Familiarisation with medication-taking supports  Psychological capability

of ABPM administration. Chemical adherence testing is an emerging assessment pro-
cedure that screens for the presence of medications in patient urine samples (Lane
et al,, 2022). There is some evidence that this test can facilitate patient and provider con-
versations about medication that might help improve adherence to antihypertensives and
reduce BP (Gupta et al., 2017).

Stakeholder involvement is a critical component of Phases 2 and 3 of the BCW. In this
context, ‘Collective Intelligence’ is a useful method for systematically operationalising
stakeholder engagement. The term Collective Intelligence refers to the intelligence, or
knowledge, that is generated from a group of people working together on a complex
problem. The process of Collective Intelligence carefully delineates content and
process roles. Responsibility for contributing ideas is assigned to experts, while the work-
shop facilitator takes responsibility for choosing and implementing selected method-
ologies. The methodologies are carefully selected for key tasks, including generating,
clarifying, structuring, interpreting, and amending ideas. Emphasis is given to balancing
behavioural and technical demands of group work while honouring design laws concern-
ing variety, parsimony, and saliency (Broome & Chen, 1992). There must be enough
variety in options to cover all needs, but possible paths and solutions must exist in
harmony to avoid creating confusion or disrupting problem resolution (Klir & Ashby,
1991). In the context of interdisciplinary work, Collective Intelligence supports high
quality idea generation and exchanges, as it includes a set of methods, tools, and a facili-
tated thought and action mapping process that helps groups to develop outcomes that
integrate contributions from individuals with diverse views, backgrounds, and perspec-
tives (Hogan et al., 2014). Collective Intelligence has been applied in a wide variety of
situations to accomplish many different goals including developing a national well-
being measurement framework (Hogan et al., 2015), designing an e-learning tool to
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The three phases of the Behaviour Change Wheel

Phase 3: Identify content
and implementation
options

Phase 1: Understand the Phase 2: Identify
behaviour intervention options

Finalised

intervention

Early MIAMI ready for
development work Stage 1: Stage 2: Stage 3: Stage 4:

Review of piloting
barriers and
identification

of options

using evidence Barrier
sources, relevant identification
theory and Warfield, 2006
guidance from PPI

contributors

Scenario- Prioritisation
based design and
carroll, 2003 refinement

Four stages of the Collective Intelligence process, nested with
Phase 2 and 3 of the Behaviour Change Wheel

Figure 1. The Collective Intelligence process nested within the overarching BCW framework (Carroll,
2003; Warfield, 2006).

support health practitioners caring for patients taking multiple medications (Hanlon
et al,, 2020) and identifying barriers and user needs from eHealth interventions for
chronic pain (O'Reilly et al, 2022). Figure 1 illustrates the Collective Intelligence
process nested within the BCW. The Collective Intelligence method is particularly com-
patible with the BCW emphasis on placing ‘no priority on an individual, group, or
environmental perspective - intra-psychic and external factors all have equal status in
controlling behaviour’ (Michie et al., 2011)" Collective Intelligence explicitly assigns
equal expert status to all stakeholders including patients, clinicians and behaviour
change specialists; in identifying content and implementation options.

This paper describes the systematic development of a complex intervention to
support General Practitioners (GPs) and people with hypertension to maximise medi-
cation use to control BP, i.e. the MIAMI intervention. We particularly focus on the
role of Collective Intelligence in informing Phase 2 and Phase 3 of the BCW approach
to intervention development. This MIAMI intervention is currently being evaluated in
a pilot cluster randomised controlled trial (RCT) that aims is to gather and analyse
feasibility data to allow us to (1) refine the intervention, and (2) determine the feasi-
bility of a definitive RCT. The full protocol has already been published (Morrissey
et al., 2023).

Method

The development process is reported using the Guidance for Reporting of Intervention
Development (GUIDED) checklist (Duncan et al., 2020) (see Appendix 1) and the inter-
vention is reported using the Template for Intervention Description and Replication
(TIDieR) checklist (Hoffmann et al., 2014) (Appendix 2).
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Ethics

Ethical approval was granted from the Irish College of General Practitioners Research
Ethics Committee (ICGP_REC_21_0050).

Participants

Nineteen stakeholders, with a variety of expertise, including lived experience, general
practice, nursing, pharmacy and health psychology took part in the Collective Intelli-
gence workshop. Table 3 outlines the backgrounds of participants. Patient representa-
tives (people living with hypertension) were invited from the project PPI panel, as well
as an open invitation in a local newspaper. The remaining participants were invited pur-
posively to ensure diversity in backgrounds and perspectives. The workshop took place in
April 2022 at the University of Galway. Informed consent was obtained from all
participants.

Procedure

Stage 1: pre-workshop idea generation

The first stage of the Collective Intelligence process involved systematic analysis of bar-
riers to meaningful and productive dialogue between patients and GPs around medi-
cation use in the context of hypertension. The 19 stakeholders were contacted in
advance of the session by email, with a request to generate a set of barriers in response
to the following trigger question: ‘What are barriers to patients and GPs bringing up and
working through issues around how people with high blood pressure use their medi-
cation?” By email submission, stakeholders identified 154 barriers. These responses
were subsequently reviewed by the research team and categorised using the paired com-
parison method (Warfield & Cardenas, 1994). The paired comparison method provides a
simple way of summarising a group of individuals’ opinions, attitudes or beliefs about a

Table 3. Participant characteristics.

Participant number Background and expertise Gender
1 Patient representative (MIAMI PPl panel member) Man
2 Patient representative (MIAMI PPI panel member) Man
3 Patient representative (MIAMI PPl panel member) Man
4 Patient representative (MIAMI PPI panel member) Woman
5 Patient representative (MIAMI PPl panel member) Woman
6 Patient representative Man
7 Patient representative Man
8 Patient representative Woman
9 Clinical pharmacologist Man
10 GP and researcher in primary care Man
1" GP and researcher in primary care Man
12 GP Man
13 GP trainee Man
14 Nurse (primary care) Woman
15 Research nurse in primary care Woman
16 Dietician Woman
17 Pharmacist Woman
18 Researcher in health psychology Woman

19 Researcher in health psychology Woman
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topic in a systematic and objective manner. Responses are clustered into categories, based
on conceptual similarity, so that they can be presented back to the group as an overview
of the issues within each category, and the problem space as a whole. These categories
provide a focus for initial discussions at the Collective Intelligence workshop.

Stage 2: review of barriers

On the day of the Collective Intelligence workshop, the workspace was arranged such
that the “problem field” (i.e. the categorised barriers received in advance of the session)
were displayed on the walls. Participants were deliberately divided into four groups
prior to the workshop, with a mix of stakeholder expertise and perspectives at each
table. The workshop was facilitated by two experts in Collective Intelligence, who were
not part of the project team. A short presentation providing an overview of the
problem space as regards hypertension and medication was delivered to provide
context for the activities that would be completed throughout the day.

Following the presentation, participants engaged in a review of the categories of bar-
riers, with a view to generating options for overcoming these barriers. To generate
options in response to barriers, small working groups of participants (4-5 persons
each) engaged in idea generation in response to three assigned barrier categories.
During this stage of the workshop, the ‘ideawriting’ technique was used (Wood &
Roth, 1990). Each of the small working groups was asked to generate options in
writing and to use open dialogue to explore the meaning of ideas generated. Five steps
were involved in idea writing: (a) a stimulus question was presented to participants;
(b) each participant worked alone to silently generate ideas in writing; (c) written
sheets of ideas were exchanged within the working groups and individuals had the oppor-
tunity to add ideas as they read others’ papers; (d) unique ideas were discussed and
clarified; and (e) each working group orally reported the ideas generated in a plenary
session. This stage of work focused on the generation of options in response to barrier
categories and allowed stakeholders to scope out a broad range of options in response
to barriers before focusing attention on specific scenarios of application of the MIAMI
intervention.

Stage 3: generation of user needs

The next stage involved using scenario-based design methods to generate specific user
needs (Rosson & Carroll, 2002). In advance of the Collective Intelligence session, the
research team and facilitation team worked together to design a set of scenarios that
could be used as inspiration for group idea generation during the workshop. These
were based on relevant theories and frameworks (e.g. the Common-Sense Self-Regu-
lation Model Leventhal et al., 2003 and Necessity-Concerns Framework Horne &
Weinman, 1999), the work the research team had conducted on Stage 1 of the BCW
(see Table 2) and clinical experience. Following guidelines provided by Rosson &
Carroll (Rosson & Carroll, 2002), design representations captured in the scenarios
were concrete, flexible, and generative and did not specify fixed solutions. The scenarios
that were designed by the facilitation and research team for this task presented challenges
faced by both GPs and patients, to help workshop participants to orient themselves in
each individual ‘actor’s’ problem space, so that they could imagine such a situation
arising and consider what supports would be useful in each of these circumstances.
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. . h ] & John is a being treated for high blood pressure. He has recently become
Patlent' 'lo n \ " b concerned about the long-term impact of his medication. Due to these
GP: Sarah ke - and other related concerns, John does not consistently take his

Ll medication, as he typically feels well and thus questions the need in light
4 of his concerns. John has a busy and demanding work and home life with
BP: High many challenges and stressors. When meeting with his GP, Sarah, it is
found that John's BP is elevated. However, when Sarah asks about his
adherence, John simply says that he sometimes forgets, and agrees to
Med-taking: Inconsistent take his medication consistently going forward, but John does not voice
any of his concerns about his medication or any details on his life
GP believes this due to lack of circumstances. GP Sarah, believing John’s lack of adherence may be due
routine/planning. to poor planning or routine around his BP medication steers the

consultation towards a collaborative exchange around John’s needs. GP

Patient has (previously unstated) Sarailt empha?ises to John that P.\e isa 'key part of t.his collaborative
decision-making process, at which point John begins to

concerns about long-term effects. reveal his previously unstated concerns about long-term medication.

Sarah wants to to provide John with clear and concise

information tailored to his concerns so that John leaves the

consultation feeling reassured, and more empowered in his treatment

programme, with a clear understanding of behavioural strategies and

methods that will help him going forward.

Figure 2. Scenario used in Stage 3.

An example of one of the scenarios used can be seen in Figure 2. The aim was to prompt
user needs in relation to: (1) Information Needs; (2) Communication Needs; (3)
Decision-Making Support; and, (4) Behavioural Support Needs. Participants were
asked to consider the roles of each actor in each scenario and generate a list of needs,
and the reasons for these needs. These needs were subsequently discussed by sub-
groups and all ideas were collated by the workshop facilitation team. The identification
of user needs generated through this scenario-based design stage, informed by the earlier
Collective Intelligence analysis of barriers, and generation of targeted options, provided a
strong basis for further design work.

Stage 4: prioritisation and refinement

As outlined in the introduction, the Collective Intelligence process was couched within the
larger framework of the BCW. The targeted options produced at the Collective Intelligence
workshop allowed us to identify possible intervention functions (Phase 2 of the BCW) but
refinement, identification of content and operationalisation was required (Phase 3 of the
BCW). This was conducted by the core research team and PPI panel. User needs and tar-
geted options were tabulated by the research team and brought to PPI and wider study
team meetings, where the priority of each need and utility of each option was discussed.
This was informed by the Acceptability, Practicability, Effectiveness, Affordability, Side-
effects and Equity (APEASE) criteria (Michie et al., 2011). If an option met the APEASE
criteria and was considered acceptable and useful, it was chosen as an intervention com-
ponent. Components were mapped to the intervention functions of the BCW and Behav-
iour Change Technique Ontology to inform the logic model of the intervention.
Subsequent meetings focused on possible barriers and suggestions for improvement to
each component. Several iterations of each component were worked through until the
component was considered acceptable and useful to PPI panel members.
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Results
Stages 1 & 2: pre-workshop idea generation and review of barriers

In response to the pre-workshop idea generation, 154 barriers to patients and GPs bring-
ing up and working through issues around how people with high blood pressure use their
medication were collated. Using the paired comparison method, these were summarised
across 15 categories.

During the workshop, stakeholders generated a total of 157 options for overcoming
these barriers. Table 4 presents an overview of the categories, sample barriers, and
sample options for overcoming barriers. The full categorised sets of barriers and
options can be found at https://osf.io/xusby/

Stage 3: generation of user needs

Using scenario-based design, stakeholders also identified a set of user needs, under the
four headings of (i) information needs, (ii) communication and collaboration needs,
(iii) decision-making needs, and (iv) behavioural support needs.

Stakeholders identified 102 Information Needs (subsequently divided into 10 cat-
egories), 126 Communication and collaboration needs (subsequently divided into 8 cat-
egories), 65 Decision-making needs (subsequently divided into 6 categories) and 89
Behavioural support needs (subsequently divided into 8 categories). Table 5 provides
the five most common needs within each category, along with a selection of illustrative
quotes. The full set of categorised needs is provided at https://osf.io/xusby/

Stage 4: prioritisation and refinement

Through the use of the APEASE criteria, along with discussion with the PPI panel and
wider research team, user needs were prioritised and targeted options were chosen to
become intervention components. These were mapped to the intervention functions of
the BCW and Behavioural Change Technique Ontology (Marques et al.,, 2023). The
research team and PPI panel then worked together to operationalise and create the
content for the intervention components. For example, the informational BP videos
were co-created by the research team and PPI panel, where the PPI panel suggested
content for the video, the research team drafted the video and the PPI panel gave
several rounds of feedback with suggested modifications before approving the final
version.

The finalised MIAMI intervention is described in Table 6. The logic model for the
intervention is depicted in Figure 3, to graphically represent the intervention structures
and processes, including proposed BCT's and associated mechanisms of action. Interven-
tion components can be seen in detail in the intervention manual (https://osf.io/xusby/).

The TIDieR checklist is presented in Appendix 2.

Discussion

This paper comprehensively and transparently reports the development