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°The Addison’s Disease Self-Help Group Patient Advocacy Group Bristol, United Kingdom, *°The
Pituitary Foundation Patient Advocacy Group, Bristol, United Kingdom

Introduction: Most patients with Adrenal insufficiency (Al) require lifelong
glucocorticoid replacement. They need to increase glucocorticoids during
physical illness or major stressful situations and require parenteral
hydrocortisone in the event of an adrenal crisis. Patients with Al have impaired
quality of life and high mortality; approximately 1in 6-12 patients are hospitalised
at least once/year from a potentially preventable adrenal crisis. Adoption of self-
management behaviours are crucial; these include adherence to medication,
following “sick day rules” and associated behaviours that aid prevention and
treatment of adrenal crisis such as symptom monitoring, having extra tablets,
carrying a medical-alert ID and injection kit, and self-injecting when necessary.
Current patient education is ineffective at supporting self-management
behaviour change or reducing adrenal crisis-related hospitalisations. This
research study aims to gain an in-depth understanding of the barriers and
enablers to self-management for patients with Al and to develop an evidence-
based digital self-management behaviour change intervention.

Methods: The study is conducted in accordance with the MRC Framework for
developing complex interventions. Underpinned by the Behaviour Change
Wheel (BCW), the Theoretical Domains Framework (TDF), and the Person-
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Based Approach, this research will be conducted in two phases: Phase 1 will
involve a sequential qualitative/quantitative mixed-methods study involving
focus group interviews followed by a cross-sectional survey with patients with
Al recruited from patient advocacy groups and endocrine clinics in the UK. Phase
2 will develop the Support Al, a website-based digital behaviour change
intervention (DBCI) informed by Phase 1 findings to support self-management
for patients with Al. The most appropriate behaviour change techniques (BCTs)
will be selected utilising a nominal group technique with an Expert Panel of 10-15
key stakeholders. The design of the Support Al website will be guided by the
Person-Based Approach using an Agile iterative “think-aloud” technique with 12-
15 participants over 3 usability testing iterations.

Conclusion: A theory- and evidence-based digital behaviour change
intervention will be developed which will be tested in a feasibility randomised
trial following completion of this study. The projected benefit includes cost-
effective health care service (reduced hospitalisations and demand for specialist
services) and improved health outcomes and quality of life for patients with Al.

KEYWORDS

adrenal insufficiency, adrenal crisis, self-management, digital behaviour change
intervention, behaviour change wheel, theoretical domains framework, person-

based approach

1 Introduction: self-management for
patients with adrenal insufficiency

Adrenal insufficiency (AI) is caused by lack or insufficient
production of cortisol from the adrenal cortex. Depending on its
cause, Al can be “primary” due to adrenal gland failure (most
commonly Addison’s disease), “secondary” due to conditions
affecting the hypothalamo-pituitary axis which fails to stimulate
cortisol production, or “tertiary” caused by hypothalamo-pituitary-
adrenal axis suppression from chronic treatment with corticosteroids
(1, 2). Tertiary Al is usually transient and in more than 75% of
patients adrenal function recovers within 6 months of stopping
corticosteroids, although it can be life-long (3). Most patients with
Al require life-long glucocorticoid replacement therapy, commonly
hydrocortisone tablets 2-3 times/day. They need to increase
glucocorticoids during illness or major stressful situations and
require parenteral hydrocortisone in the event of an adrenal crisis
to prevent hospitalisation and death; these are called “sick day rules”.
Adrenal crisis is a life-threatening acute complication, mainly
precipitated by infections, vomiting, diarrhoea, trauma or surgery;
patients typically present with profoundly impaired well-being and
hypotension, and are often unable to self-inject and may require help
from a relative/carer/friend or health professional (4-7).

Abbreviations: Al adrenal insufficiency; BCTs, Behaviour Change Techniques;
BCW, Behaviour Change Wheel; COM-B model, Capability, Opportunity,
Motivation - Behaviour model; DBCI, Digital Behaviour Change Intervention;

TDF, Theoretical Domains Framework.
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The standard mortality rate in patients with Al is twofold
compared to the general population (8-10), while 1 in 200
patients die from a potentially preventable adrenal crisis (10-12).
As a percentage of total diagnosis, deaths from adrenal crisis in the
UK are ten times higher than deaths from insulin-dependent
diabetes-related ketoacidosis (13). Between one in 6-12 patients
with AT are hospitalised at least once a year following an adrenal
crisis episode (11, 14, 15). Al poses a significant health burden on
patients, their families, and the healthcare system. A UK study in
2013 estimated an annual cost of illness associated with AI at £39.7
million for approximately 20,000 patients (16). Health care cost for
patients with Al is four times higher than for the general population
(17). More than 60% of patients with AI have impaired quality of
life, 40% take sick leave at least quarterly, and in some countries
approximately 25% of patients receive a disability living allowance
(18-21). The impact from Al and glucocorticoid treatment sequelae
can be minimised significantly, and up to 50% of adrenal crisis-
related hospitalisations may be prevented with effective self-
management (4). This includes treatment optimisation and
improved adherence to daily glucocorticoid replacement therapy
(alongside mineralocorticoid replacement therapy for “primary” AI
and pituitary replacement therapy for “secondary” Al), appropriate
glucocorticoid dose adjustment for “sick days”, and timely
administration of parenteral hydrocortisone in an adrenal crisis.
It also includes adoption of behaviours that aid the prevention or
treatment of adrenal crisis, e.g. symptom monitoring, having an
extra supply of tablets, wearing a medical-alert ID, carrying a
steroid emergency card and an emergency injection kit, and self-
injecting when necessary.
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These self-management behaviours place a significant burden
on patients with AL Forss et al. reported that 38% of patients with
Al found the multiple daily dosing problematic and consequently
missed doses (21). Chapman et al. found that only 15% of patients
took all their doses as prescribed, 25% of patients took higher doses
than advised, while 1 in 25 patients reported prolonged treatment
interruptions (22). Non-adherence or interruptions to daily
glucocorticoids were found to trigger an adrenal crisis for
approximately 5% of patients with AI (14, 23). Glucocorticoid
over-replacement exposes patients to medication side effects (21,
22), cardiovascular complications (24), osteoporosis (25),
depression and impaired quality of life (20, 21, 26).

Several studies found that 26% — 38% of patients with AI did not
adjust their glucocorticoid dose for “sick days” (22, 27-31) and only
60% of patients carried a medical-alert ID (28, 29). Approximately
70% of patients had an emergency hydrocortisone injection kit (5,
15) but only 12% managed to self-inject when they experienced an
adrenal crisis (15), while only 19% were trained to self-inject (5).
Self-injection reduces the risk of hospitalisations when
administered in a timely manner from onset of adrenal-crisis
symptoms; 38% of patients who self-injected required
hospitalisation versus 73% who were injected by a medical
professional due to the delay in waiting for them to arrive
(p=0.008) (30).

A recent systematic review of seven patient education studies
reported an improvement in patients’ knowledge and self-
confidence of managing their AI; this was evaluated using patient
self-reported diary-based or cross-sectional questionnaire
measures. Although the authors of this systematic review claim
that their aim was to evaluate behavioural interventions aiming to
prevent adrenal crisis, the included studies were not designed as
interventions to bring about behaviour change, i.e. to prevent
adrenal crisis, and none was a randomised controlled study. All
studies were education-based, focusing on increasing patients’
knowledge about their condition, with the implicit assumption
being that information provision will lead to behaviour change.
However, assessment of outcomes such as behaviour change, and
frequency of adrenal crisis or hospitalisations was not reported. The
authors concluded that there is a need to develop behaviour change
interventions to support patients with AI to prevent adrenal
crisis (32).

Published studies involving patient with AI are limited in that
they lack theoretical underpinning for complex intervention
development (33). Therefore, there is a need to develop and test
an intervention that adopts a broader self-management approach
that goes beyond information provision and is informed by
theoretical, evidence-based frameworks. Intervention development
should involve a dynamic iterative process with stakeholder input
throughout development, and should go beyond a narrow focus of
increased effectiveness, paying attention to future implementation
in the real world (34, 35).

Annual participation in education programmes has been
recommended for patients with AI (1, 4, 36, 37) as only 40%
retain all the information in these sessions (38). Uptake of
education programmes has not been high, with less than 60%
taking up the offer of an education programme. This is mainly
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due to geographical/time constraints and their “one-size-fits-all”
approach to organisation of sessions and their content (37, 39, 40).
Face-to-face programmes require extensive specialist time and
resources, e.g. one-hour sessions for individual education (40) and
2-3 hours for small patient group education (30, 37, 39), presenting
a financial burden for a health service. Digital behaviour change
interventions (DBCI) are increasingly recognised for their value and
cost effectiveness in supporting self-management in patients with
chronic conditions (41-43). There is currently no published
evidence of DBCIs in patients with AL The present study will
develop a DBCI, which in line with the goals set in the United
Kingdom “more efficient use of specialist services Five Year
Forward View” (44) will harness the potential of technology to
enable patients with AI to take an active role in their self-
management and to enable more efficient use of specialist
services. Delivery of the DBCI through a personalised responsive
mobile-optimised website can provide an easily accessible and cost-
effective platform to complement usual care for all patients with AL,
and in this way reduce inequalities in the treatment they receive.

1.1 Study aim and objectives

This research study aims to develop a theory-informed digital
behaviour change intervention (DBCI) to support self-management
in patients with AL

Objectives:

1. Understand the manner and extent to which patients with
AT are engaging with the target self-management
behaviours.

2. Identify barriers and enablers and measure their impact on
self-management behaviours.

3. Explore how and which of these target behaviours can be
addressed through a DBCIL

4. Design a theory-informed DBCI that is acceptable to
patients and other key stakeholders.

2 Methods and analysis

2.1 Theoretical frameworks underpinning
the study

This research study is conducted in line with the Medical
Research Council (MRC) Framework for Complex Interventions
which recommends using a systematic and transparent process
that involves the following key elements: Development, Feasibility
and Piloting, Evaluation, and Implementation (33). In this protocol
we discuss the Development element. This initially involves a
theoretical understanding of the likely process of behaviour
change by drawing on existing evidence and analysis via
theoretical frameworks through which the intervention could be
developed and modelled. Modelling of the intervention involves
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deciding what should be targeted (determinants of behaviour) and
how this can be achieved.

Interventions targeted at changing behaviour need to be
informed by theoretical, evidence-based frameworks. We will
adopt the Behaviour Change Wheel (BCW) framework
(Figure 1), developed from 19 existing behaviour change
frameworks (45, 46), to underpin the intervention development in
3 stages depicted in Figure 2:

«Stage 1: Understand the behaviour,
«Stage 2: Identify intervention options,

«Stage 3: Identify content and implementation options

At the core of the BCW is the COM-B general model of
behaviour which explains how behaviours come about at any
particular moment based on an individual’s Capability (C) and
Motivation (M) and the situations that provide them with the
Opportunity (O) to enact or change Behaviour (B) outlining thus
all potential influences on the targeted behaviour (45). The BCW
recognises that behaviour change occurs as a result of an interacting
system of Intervention Functions, i.e. broad categories of activities
aimed at changing behaviour, such as education, persuasion, and
Policy Categories, which describe actions on the part of responsible
authorities that enable or support the intervention delivery, e.g.
service provision, guidelines (45) (Figure 1).

Associated with the BCW and COM-B is also the Theoretical
Domains Framework (TDF) comprising of 14 domains, each
correlating to a COM-B component, drawn from 33 behaviour
change and psychological theories (46, 47). The TDF provides a
more granular and deeper exploration of the barriers and enablers
to behaviour change. The BCW provides guidance on linking the
TDF Domains to the Intervention Functions most likely to be
effective in changing the identified target behaviours, and also
provides guidance on identifying salient more fine-grained
specific Behaviour Change Techniques (BCTs) to deliver the
intervention (48).

10.3389/fendo.2023.1207715

We will also adopt the Person-Based Approach to design and
build the website to deliver the intervention. This approach can
provide in-depth understanding of the needs of patients with AI as
the intervention users. It can identify the intervention design
features that users view as most important and potential usability
problems, thus improving acceptability, user engagement and
experience, and effectiveness of the intervention (49). A schematic
of the study design guided by the BCW and Person-Based
Approach is presented in Figure 2.

2.2 Phase 1: developing the intervention
context (behaviour change wheel)

2.2.1 Step 1: define the problem in
behavioural terms (BCW Stage 1)

The first step of the BCW involves defining the problem
behaviours that need to change and the target population
involved in the behaviour, i.e. who is performing the behaviours
(45, 46). Published evidence described earlier identified that the
problem behaviours performed by patients with Al are related to
non-adherence to self-management behaviours in treating their AI
on a daily basis, during physical or emotional illness, and
preventing and treating adrenal crisis.

2.2.2 Step 2: select the target behaviour
(BCW Stage 1)

This step will involve generating a “long list” of all the potential
behaviours that may influence the target behavioural problem (45,
46) i.e. self-management behaviours, based on existing evidence.

For patients with Al the target behavioural problem will involve
potential behaviours across the three levels of self-management:

1) Daily management of Al and treatment optimisation to

minimise adverse effects from over- or under-replacement;

. Sources of Behaviour
TDF Domains
- Intervention Functions

Policy Categories

Theoretical Domains Framework (TDF)
(14 domains from 33 behavioural change/psychological theories)
Soc - Social Influences

Env - Environmental Context & Resources

1d — Social/Professional Role & Identity

Bel Cap - Beliefs about Capabilities

Opt — Optimism

Int - Intentions

Goals - Goals

Bel Cons — Beliefs about Consequences

Reinf — Reinforcement

Em — Emotion

Know — Knowledge

Cog - Cognitive & Interpersonal Skills

Mem - Memory, Attention & Decision Processes
Beh Reg — Behavioural Regulation

Phys — Physical Skills

FIGURE 1

%

3
%
%

&
o
2
z

g
z
e
2
H

Training®

Service provision

The behaviour change wheel and theoretical domains framework. Reproduced from Michie S, Atkins L, West R (2014) The behaviour change wheel: a
guide to designing interventions. Silverback Publishing and Ojo SO et al. (2019) BMC Public Health, 19, 1126, doi.org/10.1186/s12889-019-7468-8.

Frontiers in Endocrinology 04

frontiersin.org


https://doi.org/10.3389/fendo.2023.1207715
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Llahana et al.

BCW Stage 1: Understanding
the target behaviour

BCW Stage 2: Identify

intervention options

1. Define the problem in 5

- . Identify intervention functions
behavioural terms

BCW matrix:
mapping COM-B/TDF to
intervention functions

2. Select the target behaviour

3. Specify the target behaviour

4. Identify what needs to
change (COM-B & TDF)

o

Identify policy categories

BCW matrix:
mapping policy categories to
intervention functions

Qualitative study (focus groups
interviews with patients with Al)

-

Develop and pilot the TDF Belief
Statements questionnaire

n

Quantitative study (cross-
sectional survey with patients
with Al, UK & internationally)

10.3389/fendo.2023.1207715

BCW Stage 3: Identify content
and implementation options

Design digital intervention
(Person-Based Approach)

7. Identify behaviour change

“Think aloud” technique, “Agile”
techniques (BCTTv1)

methodology & usability testing
drawing from NGT findings
8. Ildentify mode of delivery

Nominal Group Technique

Advisory Intervention Panel

(N=10-15) selects the most
acceptable BCTs to address self-
management target behaviours

Iteration 1: Creating guiding
principles and develop low
fidelity prototype

-

Iteration 2: Agile methodology
with modular design sprints and
evaluation testing

-

Iteration 3: Task-based and user
journey evaluation activities

-

APEASE Criteria
Review each BCT against
Affordability, Practicability,
Effectiveness, Acceptability,
Safety, Equity

KEY: Al: Adrenal Insufficiency; BCW: Behaviour Change Wheel; COM - B: Capability, Opportunity, Motivation—Behaviour; TDF: Theoretical Domains Framework; NGT: Nominal Group Technique.

FIGURE 2

The Support Al digital behaviour change intervention development process guided by the Behaviour Change Wheel (BCW) and Person-Based Approach.
Reproduced from Michie S, Atkins L, West R (2014) The behaviour change wheel: a guide to designing interventions. Silverback Publishing.

2) Recognition of “sick days” and appropriate adjustment of
glucocorticoid replacement therapy during physical illness
and major stressful situations;

3) Adoption of associated behaviours that aid the timely
administration of parenteral hydrocortisone to prevent

and treat an adrenal crisis.

The “long list” will then be systematically reduced by
considering the possible impact of these behaviours on the
target behaviour.

2.2.3 Step 3: specify the target
behaviour (BCW Stage 1)

Step 3 will involve specifying the behaviour(s) in appropriate
detail and in its context in terms of: who needs to perform the
behaviour, what they need to do differently, when, where, how often
and with whom they will do it (46). In this research we will
investigate what patients with AI (who) need to do differently to
improve their self-management behaviours on a daily basis, during
“sick days” and to prevent and treat an adrenal crisis (when, where,
how often), and with whom they will need to interact to achieve
behaviour change.

2.2.4 Step 4: identify what needs to change
(BCW Stage 1)

Step 4 will involve a mixed-methods sequential qualitative and
quantitative study to identify what needs to change. The aim of this
step is to gain in-depth understanding of the barriers and enablers
that people with AI experience to performing the target self-
management behaviours (qualitative study); this will inform the
development and validation of a TDF-based Belief Statements
questionnaire to measure the barriers and enablers to self-
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management in a wider population of patients with Al
(quantitative study). The study design is described separately in the
following sections for the qualitative and the quantitative studies.

2.2.4.1 The qualitative study (focus group interviews)
2.2.4.1.1 Methods

We will follow the Consolidated Criteria for Reporting
Qualitative Research (COREQ) checklist (50) to design and report
the Methods for the qualitative study. Qualitative methods are
recommended for behaviour change intervention development
when prior evidence is limited (47). This is also in line with the
Person-Based Approach which recommends using qualitative
research to elicit user views of the planned behaviour changes
and exploration of barriers and facilitators (51).

Focus group interviews with patients with AI will be conducted
to gain an in-depth understanding of the barriers and enablers to
self-management behaviours and to understand what it will take to
change the behaviour (achieve the desired behaviour). The benefit
of this method is that group interaction encourages participants to
explore and clarify individual and shared perspectives, thus eliciting
potential elements that can be incorporated into the digital
behaviour change intervention.

2.2.4.1.2 Participant selection

Adopting a purposive sampling, we will conduct 7-10 focus group
interviews with patients with Al, stratified by Al type (1 pilot group,
2-3 groups for Primary Al 2-3 groups for Secondary Al and 2-3
mixed groups including Tertiary AI). Participants will be recruited via
the UK-based patient advocacy groups (PAGs), The Addison’s
Disease Self-Help Group (https://www.addisonsdisease.org.uk/) and
the Pituitary Foundation (https://www.pituitary.org.uk/), using their
membership emailing lists, websites, newsletters, and social media;
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they have a combined international patient membership (primarily
UK) of approximately 3,500 members. These PAGs are also
collaborators in this study and their representatives are members of
the Study Advisory Group.

2.2.4.1.3 Setting

The PAGs will disseminate the study URL link and QR code
populated in Qualtrics®, an online secure platform approved for
academic surveys and conforming to GDPR regulations, where
prospective participants can access the Participant Information
Sheet (PIS), eligibility checklist and electronic consent form.
Patients who meet the inclusion criteria and provide consent will
be allocated to respective focus groups of 6-8 participants per group.
The focus groups will be conducted online using a secure university
virtual (Zoom) account.

Inclusion criteria:

«Adults aged 18 years of age or over

«Diagnosed with irreversible primary, secondary or tertiary Al
and on glucocorticoid replacement therapy

«Having internet access to join the Zoom call and being
comfortable with taking part in online group discussions

Exclusion criteria

«Unable to communicate in English

2.2.4.1.4 Data collection

An interview guide will be developed based on the COM-B model
and TDF domains (46, 47), which will be piloted with the first focus
group. Open higher-level COM-B questions on Capability,
Opportunity and Motivation will act as filters to potentially relevant
TDF domains (47). This will be followed by specific questions and
probes within TDF domains to collect data that can address the target
behaviours in the digital intervention. An example might be:

«“How would you prevent an adrenal crisis?” (COM-B
Capability).

«“How do you recognise symptoms and signs of an adrenal
crisis for which you would need a hydrocortisone
injection?” (prompt in the TDF domain “Knowledge”)

Focus group interviews, lasting 60-90 minutes, will be
facilitated by the first author (SL) and another member of the
research team and will be video recorded in Zoom. The first author
will transcribe and de-identify the interviews, adding relevant non-
verbal cues and field notes to the transcripts; participants’ names
will be replaced with a study identifier, e.g. “3P5” for participant
number five in the 3™ focus group.

2.2.4.1.5 Data analysis

A “coding guideline” will be developed in discussion with the
research team with explicit statements as to how the TDF is to be
applied to the qualitative data (47) using example quotations from the
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pilot focus group interview; SL and KM will also code the pilot interview
jointly to minimise potential discrepancies in the analysis approach.
Data will be analysed using NVivo_V12 QDAS qualitative data analysis
software following each focus group interview using deductive
framework analysis (52) and inductive thematic analysis (53) as below:

«Deductively: Data will be coded using the Theoretical
Domains Framework V2 (TDF) as the framework for
content analysis (47).

«Inductively: After coding data into theoretical domains,
themes and belief statements will be generated to describe
similar underlying perspectives and beliefs from
respondents which reflect barriers and enablers to target
behaviours.

Inductive thematic analysis will also be adopted to generate
potential new themes for quotations that may not describe self-
management behaviours and do not fit into any of the TDF domains.
Data analysis and coding will be performed by the first author (SL);
KM who is a COM-B and TDF expert will double-code two focus
group interviews. Reliability will be calculated using kappa score and
assessed by concordance of themes. Findings will be discussed and
agreed with a third member of the research team (SH).

The TDF belief statements derived from the focus group
interviews will inform the development of a TDF questionnaire
which will be used to measure the target self-management
behaviours in the Quantitative study. An independent TDF expert
will map the generated belief statements to TDF domains to test
content validity. The TDF questionnaire will also be reviewed by the
Patient Advisory Group comprised of 5 patients with AI and will be
finalised in consultation with the Study Advisory Group. Focus
group participants will be invited to complete the questionnaire in a
pilot online survey and to provide feedback that will inform
questionnaire revisions for the Quantitative study. Test-retest
reliability will be obtained by administering the TDF
questionnaire to focus group participants four weeks later.

2.2.4.2 The quantitative study (cross-sectional survey)
2.2.4.2.1 Study design

We will adopt the STROBE Statement (54) and will use the
STROBE Checklist for cross-sectional studies to design and report
the Methods in this study protocol. The quantitative study will
involve a cross-sectional survey aiming to:

eMeasure barriers and enablers to self-management and
identify associations with determinants of self-
management behaviours in patients with AL

eDescribe the patient education, care and support services
available for patients with AI and their families to identify
potential gaps and unmet needs.

2.2.4.2.2 Setting and participants
Patients with AI will be invited to complete a cross-sectional
survey. The data will be primarily collected online using Qualtrics®;
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however to ensure inclusivity and accessibility the option for postal
survey using a prepaid return envelope will also be available.
Participants will be recruited via UK PAGs (patient charities)
using the same recruitment strategy as for the qualitative study.
An eligibility checklist, relying on patients’ self-reporting, will filter
participants who meet the inclusion criteria and can proceed with
completing the survey. Participants will also be recruited via
approximately 15 National Health Service (NHS) endocrine
centres invited to the study directly by the research team, via the
NIHR Clinical Research Network (CRN) Portfolio, and a call via the
Society for Endocrinology. Local collaborators (nurse or
endocrinologist) in these centres will identify and disseminate the
study to potential participants through carrying out a search of
patient records based on inclusion criteria.

As the survey will be disseminated via different channels,
participants will be advised to complete the survey only once.
Cookies will be enabled to prevent participants from completing
the survey more than once on the same browser.

Inclusion criteria

«Adult patients aged 18 years or over

eDiagnosed with irreversible Primary, Secondary or Tertiary
Al and on glucocorticoid replacement therapy.

«Residing and receiving medical care in the UK.
Exclusion criteria

«Patients with transient AI due to adrenal suppression taking
high-dose corticosteroids at the time of study

«Patients not on glucocorticoid replacement therapy

2.2.4.2.3 Variables and data sources/measurements

The questionnaire, piloted with focus group participants as
described earlier, is expected to take 25-30 minutes to complete and
will include:

oThe TDF Beliefs Statements questionnaire developed from the
focus group interviews in the Qualitative study to measure
barriers and enablers to self-management behaviours.

«A battery of questions to collect data on clinical and
sociodemographic details, patient education, care and
support services available for patients with Al

«The following validated questionnaires which will be used to
assess construct validity of the TDF Belief Statements
questionnaire and identify potential associations with the
three self-management target behaviours:

o The Patient Activation Measure (PAM) (55) to assess the
patient’s knowledge, skills, and confidence for self-
management

o The Medication Adherence Report Scale (MARS-5) (56) to
assess how patients take their glucocorticoid replacement

o The Beliefs about Medicines Questionnaire (BMQ) (57) to
assess patients’ beliefs and concerns about their treatment
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o The Brief Illness Perception (IPQ) questionnaire (58) to
explore how patients perceive their adrenal insufficiency
and treatment.

2.2.4.2.4 Bias

Multiple recruitment methods via PAGs and endocrine centres
will aim to reduce the response bias often associated with
participation from PAG members who are considered more
motivated to engage in self-management behaviours compared to
the average patient population. Data collection approaches
facilitated online and via hard copies can also minimise digital
exclusion. In addition, to address recruitment bias and to enable
potential generalisability of the findings, we will compare the
characteristics of patients responding to the online survey with
those of the general population of patients with AL such as age, sex,
AT type, ethnic background, and geographical distribution, which
may potentially detect under-representation of some AI patient
subgroups. This can further inform the recruitment strategy for the
intervention development and usability testing in the next phase of
the study.

2.2.4.2.5 Study size

An earlier study recruited 746 patients with Al from PAGs in
the UK (59). By extending our study to NHS endocrine centres, we
anticipate to recruit approximately 1,500 participants.

2.2.4.2.6 Statistical methods

Quantitative data will be analysed using IBM SPSS Statistics
software to determine frequencies, associations and differences
between variables and groups, and predictors of self-management
behaviours such as adherence to medication and use of preventative
measures for adrenal crisis. Qualitative data collected from open-
ended questions will be analysed using NVivo using content
thematic analysis (53).

2.2.5 Steps 5 and 6: identify intervention
functions and policy categories (BCW Stage 2)

Having identified which COM-B components and TDF
domains are relevant to the three target self-management
behaviours (daily management, “sick days” management, and
prevention and treatment of adrenal crisis), we will use the BCW
matrix to map the relevant intervention functions such as
“education”, “enablement”, “modelling” (BCW Step 5) and policy
categories such as “guidelines” and “service provision” to consider
what policies in the BCW can support the delivery of the selected
intervention functions (BCW Step 6) based on links between them
to select those likely to change behaviour (46).

2.2.6 Steps 7 and 8: identify behaviour change
techniques (BCTs) and modes of digital delivery
(BCW Stage 3)

In the final two steps of the BCW process, the TDF domains
describing determinants of target behaviours identified in the
qualitative research and the selected most appropriate intervention
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functions will be mapped to the Behaviour Change Techniques (BCT's)
Taxonomy (v1) (48) matrix to identify a preliminary list of salient
BCTs (BCW Step 7) and to decide on modes of digital delivery (BCW
Step 8). The TDF domains and respective barriers and enablers to self-
management (TDF Belief Statements) will be prioritised based on (47):

«High frequency of specific beliefs (number of quotes) reported
in focus group interviews;

ePerceived importance of these beliefs to self-management as
rated by focus group participants on a 1 - 10 importance
scale in the pilot study;

«Presence of conflicting beliefs indicating whether these act as
barriers or enabler to target behaviours, assessed by the
polarisation of Likert scale responses (strongly disagree to
strongly agree) to the TDF Beliefs Statement questionnaire
in the quantitative study.

The key TDF domains will be mapped to specific BCTs which
can be used to address barriers and/or enhance enablers associated
with the three target behaviours in a given TDF domain. An Expert
Panel of 10-15 key stakeholders (patients with Al, endocrinologists,
endocrine nurses and HCI (human computer interaction)
practitioners) will be formed to discuss the context of the Support
Al intervention and to select the most salient BCT's to deliver the
intervention. Participants will be sent an information package
before the meeting outlining the study objectives and a shortlist
of proposed BCTs described in lay language accompanied by
example applications (concrete strategy for delivering the BCT)
for digital delivery, identified by the research team as the most
appropriate to deliver the TDF domains and intervention functions.
The content development of the example applications of BCT's will
be guided by the supplementary materials accompanying the BCT's
Taxonomy (48), by educational materials developed by
implementation scientists (60), and by published digital self-
management interventions used in other chronic conditions
similar to AI such as asthma and type 1 diabetes.

A nominal group technique (61) facilitated by the Chief
Investigator (SL) and two experts in TDF and BCTs (KM, SH)
will guide the discussions to reach consensus on selected BCTs in
steps below:

1. Silent generation: Participants will record their individual
response on selected BCTs and their respective example
application

2. Participants share ideas in a “round robin” fashion by
proposing additional applications for BCTs across the
TDF domains for each of the three target behaviours:
daily management, “sick days” management, and
prevention and management of adrenal crisis

3. Clarification of ideas in an open discussion of feedback
bringing in examples and ideas from self-management
interventions of other chronic conditions where relevant

4. Participants rank their top 5 BCTs to address each of the
three target behaviours.
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5. The Panel discusses the top ranked BCTs against the
APEASE criteria (Affordability, Practicability,
Effectiveness, Acceptability, Safety, Equity) (46).

This will be conducted in two sessions with 2 groups, each with
5-7 participants, over a secure Zoom online account. Points 1-4 will
be covered in the first session (2 hours); the research team will
analyse findings and the group will reconvene 2-3 days later to
discuss point 5 (1 hour). A whiteboard will be used to record
participants’ suggestions and ideas which will be used to generate
the context of the Support AI website. Findings will be discussed
with the Study Advisory Group before moving to Phase 2.

2.3 Phase 2: designing the Support Al
digital behaviour change intervention

2.3.1 Aim and methods

«To design an interactive and personalised website
underpinned by the Person-Based Approach (49) to
address the three target self-management behaviours
identified in the earlier phase of this research.

The Support AI digital behaviour change intervention (DBCI)
will be a responsive mobile-optimised website designed in three
iterations described below:

2.3.2 Data collection approach
2.3.2.1 Iteration 1

The Person-Based Approach will inform the creation of guiding
principles to describe the key intervention design objectives in terms
of behaviour change and the key features of the intervention needed
to deliver the behaviour change techniques (49), drawing on findings
from the Nominal Group Technique to address the three self-
management target behaviours. A list of requirements for the
website, i.e. what does the website user need to be able to do, will
be generated to help web developers to easily recall and refer to
features of the intervention identified in the development phase as
central to achieving the intervention objectives.

This iteration will involve deciding the content (what information
it should contain) and functionality (what the user should be able to
achieve) of the website aiming to produce a low fidelity prototype
created using prototyping tools such as Axure® or Figma®. The
prototype will include sitemaps (hierarchical structure and navigation
of the website pages), wireframes (schematic of the general layout of
each page content) and user journeys (a visual representation of the
actions the user takes when interacting with the website). Five members
of the Expert Panel from the Nominal Group Technique will test the
low fidelity prototype moderated by the first author and a UX (user
experience) designer.

2.3.2.2 lteration 2

The web developers supporting the research team will use an
“Agile” methodology (42) with 2-week design sprints delivering
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new modules for review based on the website sitemaps. Adopting a
Person-Based Approach and a “think-aloud” technique (49), 12
participants (6 patients, 3 nurses, 3 endocrinologists) will test in real
time, using a desktop computer, the high-fidelity prototypes for
each module as they are being developed.

This usability testing will evaluate each module for visual
design, content and interactivity, iteratively modifying it to
optimise user experience. Each “think-aloud” evaluation session
will take approx. 60-90 minutes with an estimated total of 12
sessions over 12 weeks (one session per participant). Usability
testing will be conducted online and will be video recorded using
screen capture.

2.3.2.3 Iteration 3

Following the development of all website modules, 5-7 patients
will participate in usability testing of the “alpha version” of the
website using “think-aloud” and “screen-capture” techniques as
outlined in Iteration 2. Each session, facilitated by the first author
and a UX designer, will last approximately an hour and participants
will be given specific tasks to complete related to the target
behaviours that the Support AI intervention aims to address, for
example “Find out how to adjust your hydrocortisone tablets if you
were ill with the flu”.

Participants will be asked to verbalise what they are doing as
they perform each task and to provide feedback on features of the
website such as navigation, visual design, functionality, efficiency
(62). They will also be asked to complete the Single Use Question
(SEQ) 7-point Likert scale (1=very difficult to 7 = very easy) to rate
the difficulty of performing each specific task (63). The “think
aloud” sessions will be recorded, transcribed and analysed using
thematic analysis (53) to identify usability problems.

A “rainbow spreadsheet” and “severity scale” (64) designed in
advance, will be used during the observations to record usability
problems and feedback on website features (suggestions for
improvement, good features, participants’ reactions). Findings will
inform revisions of the website for “beta” testing in a future
randomised feasibility study.

2.3.2.4 Study sample

Patients with AI will be recruited from the quantitative study of
Phase 1; after submitting the survey, they will receive a link to the
Participant Information Sheet (PIS) and electronic consent to for
Phase 2. Clinicians for Iteration 2 will be recruited via an open call
to members of the Society for Endocrinology. Naive participants will
be invited for each iteration to minimise bias from prior exposure to
the study.

Inclusion criteria for patient participants

«Adults aged 18 years of age or over and receiving medical care
in the UK

eDiagnosed with irreversible AI and on glucocorticoid
replacement therapy

eAccess to the internet and a computer to conduct the usability
testing.
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«A basic level of digital literacy and competence with
navigating a website.

Exclusion criteria

«Unable to read and communicate in English

Inclusion criteria for clinicians

« Involved in providing care to patients with AI in the UK

3 Ethical considerations
and dissemination

3.1 Ethics approvals

Ethics approval was granted by the School of Health Sciences
Research Ethics Committee at City, University of London on 6"
September 2021 (Reference ETH2021-2215) for the Qualitative
Study (focus group interviews) and HRA and HCRW Ethics
Approval on 30™ March 2022 (IRAS ID: 290622) for the
quantitative study and website development.

3.2 Participant anonymity
and confidentiality

Participants will be provided with a Participant Information Leaflet
(PIS) to inform them of the study objectives, expected time
commitments, and that participation is voluntary and they can
withdraw at any point without an explanation. Survey completion in
Phase 1 will denote consent to participate in the study. The online
survey will be anonymous with no IP address tracking. Participants will
be advised not to use the survey to request medical assistance.
Qualitative data will be de-identified by the first author (SL) before
analysis to ensure participant confidentiality. There will be no possibility
to identify individuals from the published reports, though participants
may be able to recognise their responses in the published quotations.

3.3 Consideration of participant well-being
and remuneration

There are minor anticipated risks associated with this study.
Participants will be provided with the contact details of the Chief
Investigator and collaborators from each patient advocacy group
(PAG) and endocrine clinic should they need to ask questions about
the study. They will also be given contact details for the Secretary to
the Senate Research Ethics Committee at City, University of London,
and local National Health Service (NHS) Patient Advice and Liaison
Service for any concerns or potential complaints.
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The burden for research participants will be to dedicate
approximately two hours of their time to take part in the
Qualitative study, 25-30 minutes to complete the survey in the
Quantitative study (Phase 1), and up to 90 minutes per session for
the website usability testing. Participants in the Nominal Group
Technique will need to commit up to 5 hours for participation (2
hours preparation and 3 hours for on-line group discussions). The
anticipated risk is that participants may withdraw after providing
consent. To mitigate this risk, a detailed description of time
commitments and expectations for participation will be provided
in the PIS and consent form so participants can make an informed
decision. Only naive participants will be allocated to each stage and
iteration to avoid research bias from prior exposure to the study and
also to minimise participation fatigue.

Participants will be remunerated for their time as per NIHR and
INVOLVE guidance (65), i.e. £20 per hour in the form of high-street
vouchers. As the cross-sectional survey is anonymous, it is not possible
to provide remuneration to individuals. However, a donation of £3.00
per response will be made to the Pituitary Foundation and the
Addison’s Disease Self-Help Group to reward participation.

3.4 Data management and storage

Data collected from this study in their original form (digital and
hard copies) and in the aggregate pool after screening and removing
any identifiable details, will be kept for a minimum of 10 years post
study completion. Digital data will be stored in a secure password-
protected drive and hard copies will be stored in locked research
cabinets at the School of Health and Psychological Sciences at City,
University of London. Data collection and storage will conform to
the University Policy and will be processed in accordance with the
Data Protection Act 2018, GDPR and the Data Protection Bill.

3.5 Patient and public involvement and
engagement (PPIE)

The PPIE plan for this research conforms to the NIHR
INVOLVE National Standards for Public Involvement (66). The
Pituitary Foundation and the Addison’s Disease Self-Help Group
are collaborators in the proposed study and their representatives are
members of the Study Advisory Group who will meet
approximately twice a year at Study Milestones. A Patient
Advisory Group of 5 patients with AI was also formed to advise
the research team throughout the study on the conceptualisation,
design, delivery and dissemination of findings.

3.6 Dissemination of findings
Findings from the study will be disseminated via scientific

meetings, publications in open access peer-reviewed journals and
Researchfish® (https://researchfish.com/). The study findings will
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be disseminated back to participants via the patient conferences,
social media and newsletter articles of the participating patient
advocacy groups and endocrine centres.

4 Study status

As of March 2023, we have completed data collection and
analysis from the Qualitative study which involved 51 patients with
AT who took part in 10 focus group interviews. Recruitment for the
Quantitative study (cross-sectional survey) commenced in
December 2022 and will close in October 2023.

5 Discussion and anticipated
outcomes

Self-management for patients with AI involves complex
behaviours across three levels: 1) daily management of the
condition and replacement therapy, 2) adjustment of
glucocorticoids during “sick days” and 3) adoption of
associated behaviours to prevent and treat an adrenal crisis.
However, as evidenced by the existing literature, traditional
strategies for patient education about these behaviours are not
effective. This is the first research study to develop an evidence-
and theory-based intervention for patients with Al focusing on
behaviour change by targeting the behaviours most relevant to
self-management. In line with the MRC guidelines (33) for the
design and evaluation of complex interventions such as
behaviour change, this research protocol describes the
rationale underpinning the development process and maps the
intervention components to theory and outcome, providing a
fully transparent step by step project design and replicable
research methodology.

We have described the systematic process which we will follow
using the Behaviour Change Wheel (45, 46) to address
determinants of self-management behaviours in patients with AI
by qualitatively and quantitively analysing sources of behaviour
underpinned by the COM-B/TDF model, linking to the most
appropriate intervention functions and policy categories, and
subsequently selecting salient behaviour change techniques to use
when developing a tailored digital intervention. Adopting a Person-
Based Approach (49) and UX (user experience) Design principles
with iterative usability testing, we aim to build a digital intervention
that is acceptable, engaging, appealing, and easy to use for patients
with AL

In addition, “self-management strategies” is one of the clinical
questions being addressed in the National Institute for Clinical
Excellence (NICE) guidelines on the management of adrenal
insufficiency currently being developed with expected publication
in 2024 (67). Given the limited empirical research on self-
management in patients with AL the findings from this study can
make a significant contribution to developing evidence-based NICE
Guideline recommendations. Future implementation of the Support
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AI intervention in clinical practice can complement usual care to
improve patient health outcomes and reduce demand on
specialist services.
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