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Abstract

Objective: The incidence of adrenal crisis remains high, particularly for people with primary adrenal 

insufficiency, despite the introduction of behavioural interventions. The present study aimed to 

identify and evaluate available evidence of interventions aiming to prevent adrenal crisis in primary 

adrenal insufficiency. 

Design: Systematic review of literature and theoretical mapping.

Methods:   MEDLINE, MEDLINE in Process, EMBASE, ERIC, Cochrane CENTRAL , CINAHL, PsycINFO, 

the Health Management Information Consortium (HMIC) and trial registries were searched from 

inception to November 2021. Three reviewers independently selected studies and extracted data. 

Two reviewers appraised the studies for risk of bias.

 Results: Seven observational or mixed methods studies were identified where interventions were 

designed to prevent adrenal crisis in adrenal insufficiency. Patient education was the focus of all 

interventions and utilised the same two behaviour change techniques, instruction on how to 

perform a behaviour’ and ‘pharmacological support’. Barrier and facilitator themes aiding or 

hindering the intervention included: knowledge, behaviour, emotions, skills, social influences and 

environmental context and resources.  Most studies did not measure effectiveness and assessment 

of knowledge was variable across studies.  Study quality was moderate.

Conclusion: This is an emerging field with limited studies available. Further research is required in 

relation to the development and assessment of different behaviour change interventions to prevent 

adrenal crisis.

Systematic review registration PROSPERO (International prospective register of systematic reviews) 

CRD 42019137412
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INTRODUCTION

During acute illness or stress, the adrenal cortex produces higher amounts of the steroid hormone 

cortisol. Patients with adrenal insufficiency are unable to naturally produce enough cortisol and 

therefore are required to take daily steroid replacement therapy. These patients are advised to 

double or triple their dosage or to administer parental hydrocortisone during periods of acute stress, 

for example, during an illness, after a car accident, or before surgical intervention (1,2). Failure to 

take and/or adjust their medication can lead to an adrenal crisis, which can be fatal (3).

Adrenal crisis (AC) affects around 1 in 12 patients with Primary Adrenal Insufficiency (PAI) each year 

(4). Compared to population-matched control groups, patients with PAI attend twice as many 

outpatient appointments and are almost five times more likely to require hospital admission (5,6).  

Patients with PAI are hospitalised on average for 4.2 days vs. 0.4 days for matched controls and are 

more likely to stay in hospital eight to ten days longer (5). Notably, patients who previously 

experienced an AC are at greater risk of subsequent episodes, and for every 200 incidents of adrenal 

crisis there will be one death (4,7).    

As managing one’s medication is behaviour based, interventions designed to change behaviour may 

assist patients with PAI to adopt the correct regime. Healthcare interventions that increase 

medication adherence tend to be education based and support the assumption that improving 

knowledge leads to optimal adherence. To date such interventions have focused on increasing 

patients’ knowledge about their condition, how and when to take medication, and the consequence 

of not managing their medications well (8,9). However, previous research highlights that while 

patients do have the required knowledge, they do not apply it when required (10). Behavioural 

theory can aid the investigation of why this may be the case and can help close the knowledge-

behaviour gap.
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Deconstructing the interventions, to identify key components of maximum potential,  is an essential 

step towards developing effective and acceptable future interventions  (11). Utilising behavioural 

change models and frameworks such as the Capability, Opportunity and Motivation (COM-B) model 

and the Theoretical Domains Framework (TDF) provides a systematic approach to critiquing 

intervention components and techniques already attempted  (12,13).

There is a need to reduce the frequency and consequence of AC in people with PAI. While much is 

known about interventions designed to enhance medication adherence (9,10), there is very little 

available evidence to inform and help people with PAI manage their medication regimens. 

Therefore, we undertook a systematic review to identify interventions that had been developed to 

prevent AC and utilised behavioural theory and frameworks to address the evidence gap. 

 Prior to commencing the review, we performed a search of the Cochrane database of systematic 

reviews, Medline (using review filter), and Epistemonikos, which yielded no results for previous 

systematic reviews in this topic area. 

Our systematic review considered the following three research questions:

1. What interventions have been developed and evaluated to prevent AC in adult patients with PAI?

2. What is the effectiveness of the interventions?

3. What are the barriers and facilitators targeted in the interventions? 

METHODS

The systematic review was prospectively registered on PROSPERO (CRD 42019137412) and is 

reported based on the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) statement (14) (Supplementary Table 1).  
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Search strategy

A broad search strategy was designed for MEDLINE (Supplementary Table 2) with no restrictions by 

publication type, study, or language. The search strategy was adapted for use in different electronic 

bibliographical databases (15). The search terms included medical subject headings (MeSH) and 

other keywords (Supplementary Table 2). The following databases were searched from inception to 

November 2021: MEDLINE, MEDLINE in Process, EMBASE, ERIC, Cochrane CENTRAL for RCTs, 

CINAHL, PsycINFO and the Health Management Information Consortium (HMIC). Trial registries were 

also searched including The World Health Organisation and ClinicalTrials.gov. Experts in the field 

were contacted and citations of screened articles checked to identify any further studies. 

Study screening and selection

Titles and abstracts were independently screened by three reviewers (LS, JH, EM) utilising Rayyan 

software (16). Disagreements were resolved by discussion between the reviewers. The full text of 

potentially relevant articles was independently screened by two researchers (LS, JH). A third 

reviewer (AT) was consulted to reach consensus in case of any disagreements. The study selection 

process was documented with a PRISMA flow diagram. 

 Study eligibility criteria

Study inclusion criteria are listed in the PICOTTS (Population, Intervention, Comparison, Outcomes, 

Timing, Setting and Study Design) framework to identify key characteristics (Supplementary Table 3).  

Papers were excluded if they contained non-empirical data and/or were an expert opinion, editorial, 

narrative review, or conference abstracts (where the author could not provide further data on 

request). Only papers published in English were included, as the research team did not have financial 

resources to translate non-English published papers.  

Data extraction 
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Data was extracted using a piloted data extraction form, adapted from the Cochrane expert group 

(17) that is suitable for several study designs. Extracted data was independently checked by a second 

reviewer (JH or KS) and included study design, quality, intervention, and behaviour change 

characteristics employed and study outcomes (i.e., incidence of adrenal crisis, hospitalisation, 

mortality, length of stay, and quality of life).

 Risk of bias assessment

 The AXIS Appraisal Tool (18) was used to appraise bias in all included studies, and the Mixed 

Methods Appraisal Tool (MMAT) (19) was also used to appraise the van der Meij (2016) study. The 

risk of bias assessment was undertaken independently by LS and AS, the results compared, and 

discrepancies discussed until consensus was reached. AXIS and MMAT do not provide or encourage 

a numerical value for quality (18). Therefore a descriptive summary was provided. 

Analysis/synthesis of evidence

To address the research questions, extracted data were arranged in tables and findings were 

reported narratively. No quantitative synthesis was possible due to the clinical and methodological 

heterogeneity of the studies, including interventions, outcome measures, study design and conduct.

Through deductive analysis the barriers and facilitators of the intervention were categorised into 

common study outcome themes. The behavioural analysis consisted of three steps. Firstly, the key 

components of the interventions were mapped to the 12-point TiDIER checklist (20). Next, the 

behaviour change techniques (BCTs) utilised in the interventions were identified using the Behaviour 

Change Technique Taxonomy (BCTT) (version 1) (21). Finally, the BCTs were then mapped to link the 

BCTT clusters, TDF and COM-B model using the Behaviour Change Wheel components and Cane et 

al. hierarchy (12,13,21), see Figure 1 for diagrammatical representation. 

RESULTS
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Seven articles were located. The PRISMA diagram describing the search is described in Figure 2 along 

with reasons articles were excluded. 

Study characteristics 

Out of the seven included studies, three were cross sectional studies (22, 23, 24) three undertook 

cohort studies (4, 25,26), and one utilised mixed methods (27). Questionnaires were predominately 

used to capture data (4,22,23,24,25). Other methods of data collection included diary (26), medical 

record review and semi structured interviews (27). 

The study aims predominately focused on the evaluation of patients’ knowledge (22,27), self-

management (24–26) and patients’ knowledge and self-management (23,24). The studies (Table 1) 

were published between 1999 and 2020. All were conducted in European countries. Only one study 

focused solely on patients with PAI. The remaining studies included patients with AI and reported on 

these collectively, rather than separating outcome data by PAI and secondary AI. Therefore, the 

analysis reports collective AI. Four of the studies involved less than 100 participants and three 

involved more than 100 participants. 

Risk of Bias Assessment 

The risk of bias utilising the AXIS and MMAT (where appropriate) critical appraisal tools are reported 

in Supplementary Tables 4 and 5. Due to the observational nature of these studies, confounding 

variables introduces potential bias that in turn limits confidence in the proposed interventions and 

their findings. However, two studies attempted to adjust for confounders in relation to knowledge, 

(24, 27).

Studies recruited between 26 (22) and 423 participants (4), but up to approximately 50% did not 

respond to invite in one study (4) and the recruitment success rate was not reported in another (22). 

Across all studies response rate was as follows; not reported (22) 87% (23), 87% (24), 46% (4), 61% 
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(25), 80% (26) 70% (27) raising the possibility of selection bias. Also, only participants who had 

insufficient knowledge were invited to participate in the qualitative arm of the mixed methods study 

(27). Two studies took measures to address non responders (23,25) and the concern of non-

response bias by sending a further questionnaire. Outcome variables were measured using validated 

tools in some studies (4,23,24,25). Whilst less relevant to hard endpoints such as death, for soft 

endpoints such as quality of life, it was not clear if the researchers were also responsible for 

delivering the intervention, or if they were blinded as assessors, potentially leading to detection 

bias. There was no RoB with regards to funding sources or conflicts of interest in any study, although 

this shows as a bias on the AXIS table. . 

Behavioural change interventions developed to prevent AC outcomes 

(1) Intervention characteristics

Table 2 describes the intervention characteristics reported applied to the TiDIER checklist (17). The 

rationale for intervention development in all studies (n=7) was to prevent adrenal crisis (4,22–27). 

Two studies also ascribed intervention development on the recommendation of Endocrine Society 

guidelines (24,26,28). No studies included details pertaining to the use of an intervention protocol or 

reporting guideline, e.g., TiDIER (20).  

All interventions (n=7) focused on education (4,22–27). The interventions were delivered in varying 

formats: one-to-one clinician-to-patient instruction (n=2) (23,27); group education (n=2) (24,25); 

patient-recorded diaries as part of a structured teaching programme (26); written information only 

(4); and patient instruction (format unknown) (22). 

Minimal information was provided about each intervention; for example, few studies included 

information about the frequency of intervention, supply of emergency injection kits, and emergency 

injection training for carers or family members. The place and timing, frequency of intervention, and 
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personnel involved in delivering the intervention was not always available. Additionally, no study 

reported the use of theory in the development of the intervention, which is recommended when 

developing an effective intervention (29), or if the development of the intervention was in 

collaboration with patients.

(2) Effectiveness of interventions 

The reporting of knowledge, frequency of AC, hospitalisation, death, and quality of life was variable 

across studies (Table 1). Two studies that assessed self-management and knowledge and reported 

improvement post intervention (4, 27). But the studies did not define knowledge; that is, they did 

not apply a theoretical underpinning of how ‘knowledge’ should be measured. Three studies used 

the same technique to measure knowledge, by asking patients how they would respond to 

hypothetical situations with objectively right and wrong answers (23,25,27). Assessment of 

knowledge was categorised as adequate or inadequate, depending on if the participant responded 

as taking action or not taking action in the hypothetical situations. In one study knowledge was 

assessed by asking patients to identify which illnesses required dose adjustment (22). Other studies 

described the percentage of patients who had adjusted their medication or administered an 

injection during intercurrent illness (4,24,26).  

Patients’ knowledge of medication and dose adjustment was found to be insufficient to change 

behaviour when needed to avoid adrenal crises in all but one study (25). Two confounding variables 

were reported to affect participant level of knowledge; including age (23) and education level (27). 

With regards to self-reported behaviour, participants that undertook emergency hydrocortisone 

injection training (including practical training) varied between studies from 60% (22) up to 100% 

(24). However, during intercurrent illness, participants admitted to not increasing their dose, 

(4,22,23,26,27).
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(3) Barriers and facilitators of targeted interventions

Five studies (22–26) did not explicitly report barriers and facilitators that helped or hindered the 

application of the intervention. However, themes were identified across studies and could be 

categorised into five main areas: knowledge, behaviour, emotions, skills, social influences and 

environmental context and resources (Table 1). 

Preparation and administration of the emergency injection was a barrier for some participants and 

often relied on the support of others to perform the task (27).  The number of participants who lived 

with someone, 63%, was reported only by one study (23). Furthermore, although invited to do so, 

the number of participants who attended the education with a relative, friend and/or carer was not 

reported (23,24,27). Participants felt that they could not self-inject for several reasons: no 

instruction in self-injection (22), lack of confidence/reduction in confidence to inject, preparation of 

hydrocortisone syringe too difficult (24), no support in carrying out appropriate actions during 

intercurrent illness and unable to attend (or refused) emergency injection training (27). However, 

41% (4) and 91% (24) of participants and/or their relatives were able to administer an emergency 

injection when indicated and 91% thought they would be able to administer an emergency injection 

if required (27).  Six to nine months following training, 8% of participants felt it unlikely that they 

could give themselves the injection compared to immediately post training (24).

Having the necessary equipment to perform the emergency injection is also necessary to self-

administer. Two studies highlighted that participants did not have appropriate equipment, and, 

therefore, they would not be able to administer in times of need (4,22). Conversely in three studies, 

almost all participants were in possession of one or more GC (glucocorticoid) ampoules and/or an 

emergency kit (24,25,27).  In two studies there was a discrepancy between the number in possession 

of parenteral GC and the number in possession of a needle and syringe (22,27). 
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Behaviour Change Techniques identified in interventions

The interventions included a narrow range of BCTs (see Tables 4&5). The mean number of BCT’s per 

intervention was six (3-8) (4) (24,25). BCT ‘instruction on how to perform a behaviour’ and 

‘pharmacological support’ was identified in all interventions and related to information and 

medication given to the patient to self-manage their condition appropriately (4,22–27). Nine out of 

16 BCT clusters were utilised in the studies. BCT clusters ‘shaping knowledge,’ and ‘regulation,’ were 

applied in all studies’ (3,21-26). Only one study included ‘feedback and monitoring’ in their 

intervention (26), which was delivered through evaluation of self-reported self-management diaries.  

Interestingly, no interventions included ‘goals and planning,’ ‘association,’ ‘reward and threat,’ 

‘identify,’ ‘scheduled consequences,’ ‘self-belief’ or ‘covert learning.’  

Linking Behaviour Change Techniques to TDF and COM-B

A diagrammatical representation of how the BCTs link to the BCT clusters, TDF and COM-B is 

provided in Figure 1, and an associated tabular data is provided in Table 4. The particular techniques 

employed in each study are further described in Table 5. The BCTs identified in the studies are linked 

to seven TDF domains, ‘knowledge,’ ‘behavioural regulation,’ ‘skills,’ ‘beliefs about consequences,’ 

’emotion,’ ‘social influences’ and ‘environmental context and resources’ (Table 3). ‘Knowledge,’ 

‘beliefs about consequences,’ ‘emotion,’ and ‘social influences’ were utilised by all studies (n=7). 

Noticeably, this leaves seven domains (social/professional role and identity, beliefs about 

capabilities, optimisim, reinforcement, intentions, goals, and memory, attention and decision 

processes) not yet applied in interventions to prevent adrenal crisis and potential areas to be 

investigated. Four studies included more than two TDF domains (24–27). Despite the absence of 

several targeted domains all COM-B components ‘capability’, ‘opportunity’ and ‘motivation’ were 

targeted overall. 

DISCUSSION
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To our knowledge this is the first systematic review to examine the types of behaviour change 

interventions already used to prevent AC in adult patients with PAI, their effectiveness, and barriers 

and facilitators targeted by the intervention. We identified seven studies where interventions were 

designed to prevent AC in adrenal insufficiency, and the focus of all interventions was patient 

education. The interventions had been developed with no expressed theoretical underpinning of 

behaviour change and most studies did not measure effectiveness. Assessment of knowledge was 

not uniform across studies.

In order to increase the probability of complex interventions being effective and adopted widely, 

they need to be fostered carefully with all relevant stakeholders (patients, carers, health workers, 

etc.) and developed using a systematic theoretical basis (29,30). Hence, interventions should be co-

designed with those living with primary adrenal insufficiency (31) rather than having little influence 

(32). While there are a wide range of theoretical models of behaviour change, the inclusion of such 

models was not expressed in the included studies. Previously successful interventions to address 

other complex health needs have benefited from their explicit use of behaviour change models, such 

as diabetes and smoking cessation (33,34). However, overly complex interventions can also lead to a 

lack of effect or little effect where multiple intervention components fail to address real behavioural 

needs (35,36).  The lack of intervention effectiveness seen in the present systematic review could 

therefore be related to the absence of use of a theoretical model or an insufficient application of 

intervention techniques to address untapped barriers to behaviour change. By unpicking the 

intervention components of the included studies, we have identified areas that can be specifically 

targeted and techniques that appear to be more favourable in the future. 

Whilst all interventions in the identified studies targeted all three COM-B components, the 

theoretical domains targeted varied. The most frequently targeted domains were ‘knowledge’, social 

influence’, and ‘emotion’. Two studies (22,23) focused on the same BCT clusters and found that 

patient’s self-management was inadequate following these interventions (22,23). However, studies 
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that adopted comparable BCT clusters in their intervention (n=8) showed improvement of 

knowledge at follow up (24,25), although knowledge and confidence reported at six to nine months 

was reduced (24). AC still occurred following education and incidence was reported in two studies 

(4,26) demonstrating that despite patients’ knowledge increasing, this knowledge must not have 

been applied during times of acute need. This is supported by our teams’ findings that having good 

knowledge does not necessarily translate into behaviour change, as participants still experienced AC 

(10). 

Whilst the purpose of self-management interventions are to provide patients with the skills required 

to manage their condition (37), our findings indicate that adrenal crises were not avoided.  These 

results are comparable to areas of other chronic diseases, such as heart failure and diabetes where 

results were also variable and suggested that a multifaceted intervention approach is required (38–

40). However, our review found one study that did demonstrate increased patient knowledge and 

confidence when performing self-injection at baseline, but this was not sustained at six to nine 

months post intervention (24). This has also been seen in other disease areas, a meta-review of 

quantitative reviews looking at the effect of supported self-management interventions for people 

with type II diabetes mellitus demonstrated improvement in HBA1c. However, the effectiveness of 

the intervention was dependent on the intensity and length of programme as well as ongoing 

support (41). Therefore, it is important that proposed interventions are deconstructed to identify 

key components that work, and consideration is given to, frequency, mode, and delivery of 

intervention.  

The current systematic review also adopted a wide perspective of behavioural interventions and the 

barriers and facilitators targeted by the interventions, specifically around adrenal insufficiency.  It 

has identified intervention techniques already in place, but these may not be working optimally, and 

other areas that can be targeted to refine the intervention. The current review also highlights 

current research gaps in this area and the lack of theoretical underpinning related to behavioural 
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interventions. Future assessments of behavioural interventions to reduce adrenal crisis need to 

include longer duration of follow up to ascertain that appropriate application of knowledge, 

regarding dose adjustment, has been applied on multiple occasions.  Also, future research should 

include more granularities of the collective data to develop our understanding of the reasons that 

can lead to the inappropriate application of knowledge. Better understanding of the effect of 

education frequency, repeated education along with specific needs of certain populations is needed. 

Researchers should also consider the utilisation of a theoretical framework when developing an 

intervention to facilitate development in a systematic way (29,30,42). 

Limitations and strengths

This is the first study to systematically synthesise the literature related to interventions that prevent 

adrenal crisis in patients who have primary adrenal insufficiency.  In doing so, this review picks out 

the barriers and facilitators the interventions were likely to address. The review does not 

systematically describe the barriers and facilitators the patient experience. Another limitation is the 

small number of studies identified, not only in the prevention of AC in adult patients with PAI, but all 

cause AI.

Only seven studies were identified. Additionally, the heterogenous nature of the studies methods 

and outcomes do not permit us to include a meta-analysis. While the small number of studies 

located may limit the reliability of our results, it also highlights an opportunity for future studies to 

explore a largely unexplored topic. 

Conclusion

Despite the limitations of the paucity and focus of evidence, the review informs researchers and 

clinicians of the need to use a comprehensive approach when developing an intervention to aid self-

management to prevent adrenal crisis.  We found education to be the only type of behavioural 

change technique interventions utilised, and these interventions did not demonstrate efficacy. For 
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interventions to be successful in the prevention of adrenal crisis in patients with primary adrenal 

insufficiency, it is not only important to identify targeted behaviour that require change, but also to 

incorporate behaviour change theory, throughout both the development and implementation of 

interventions. 

Page 15 of 43 Accepted Manuscript published as EJE-21-1248.R1. Accepted for publication: 10-May-2022

Copyright © 2022 European Society of EndocrinologyDownloaded from Bioscientifica.com at 05/16/2022 11:29:59AM
via free access



Behaviour Change to prevent adrenal crises

16

Declaration of Interest, Funding and Acknowledgments

Declaration of Interest

All authors declare that there are no conflicts of interest that could be perceived as prejudicing the 

impartiality of the research reported. Co-authors Arlt, Wiebke and Tahrani, Abd are on the editorial 

board of EJE. Arlt, Wiebke and Tahrani, Abd were not involved in the review or editorial process for 

this paper, on which he/she is listed as an author.

Funding disclosure LS is an ICA CDRF Award Clinical Doctoral Research Fellow, (ICA CDRF-2018-04-

ST2-050) is funded by Health Education England (HEE) / National Institute for Health Research (NIHR) 

for this research project. The views expressed in this publication are those of the author(s) and not 

necessarily those of the NIHR, (Partner Name), NHS or the UK Department of Health and Social Care.

KAS is currently supported by the National Institute for Health Research (NIHR) Applied Research 

Centre (ARC) West Midlands (NIHR200165). 

Availability of data and materials

All data generated or analysed during this study are included in this article. 

Page 16 of 43Accepted Manuscript published as EJE-21-1248.R1. Accepted for publication: 10-May-2022

Copyright © 2022 European Society of EndocrinologyDownloaded from Bioscientifica.com at 05/16/2022 11:29:59AM
via free access



Behaviour Change to prevent adrenal crises

17

REFERENCES

1. Grossman A, Johannsson G, Quinkler M, Zelissen P. Therapy of endocrine disease: 

perspectives on the management of adrenal insufficiency: clinical insights from across 

Europe. European  Journal of  Endocrinology. 2013 169(6) R165–75. (doi:10.1530/EJE-13-

0450)

2. Bancos I, Hahner S, Tomlinson J, Arlt W. Diagnosis and management of adrenal insufficiency. 

Lancet Diabetes and Endocrinolology. 2015 3(3) 216–26. (doi:10.10116/s2213-

8587(14)70142-1)

3. Hahner S, Loeffler M, Bleicken B, Drechsler C, Milovanovic D, Fassnacht M, Ventz M, Quinkler 

M, Allolio. Epidemiology of adrenal crisis in chronic adrenal insufficiency: the need for new 

prevention strategies. European Journal of Endocrinology. 2010 162.(3) 597-602. (doi: 

10.1530/EJE-09-0884).

4. Hahner S, Spinnler C, Fassnacht M, Burger-Stritt S, Lang K, Milovanovic D, Beuschlein F, 

Willenberg HS, Quinkler M, Allolio B. High Incidence of adrenal crisis in educated patients 

with chronic adrenal insufficiency: a prospective study. Journal of Clinical Endocrinology and 

Metabolism. 2015 100(2) 407–16. (doi:10.1210/jc.2014-3191)

5. Stewart PM, Biller BMK, Marelli C, Gunnarsson C, Ryan MP, Johannsson G. Exploring inpatient 

hospitalizations and morbidity in patients with adrenal insufficiency. Journal of Clinical 

Endocrinology and Metabolism. 2016 101(12) 4843–50. (doi:10.1210/jc.2016-2221)

6. Gunnarsson C, Ryan MP, Marelli C, Baker ER, Stewart PM, Johannsson G. Health care burden 

in patients with adrenal insufficiency. Journal of the Endocrine Society. 2017 1(5):512–23. 

(doi: 10.1210/js.2016-1064)

7. Allolio B. Extensive expertise in endocrinology. Adrenal crisis. European Journal of 

Page 17 of 43 Accepted Manuscript published as EJE-21-1248.R1. Accepted for publication: 10-May-2022

Copyright © 2022 European Society of EndocrinologyDownloaded from Bioscientifica.com at 05/16/2022 11:29:59AM
via free access



Behaviour Change to prevent adrenal crises

18

Endocrinology. 2015;172(3):R115-24. (doi: 10.1016/S0140-6736(03)13492-7)

8. Kane H, Lewis MA, Williams PA, Kahwati LC. Using qualitative comparative analysis to 

understand and quantify translation and implementation. Translational Behavioural 

Medicine. 2014 4(2):201–8. (doi: 10.1007/s13142-014-0251-6)

9. Morrissey EC, Corbett TK, Walsh JC, Molloy GJ. Behavior change techniques in apps for 

medication adherence: A content analysis. American  Journal of Prevenative Medicine. 2016 

50(5) e143-e146(doi:10.1016/j.amepre.2015.09.034)

10. Shepherd LM, Tahrani AA, Inman C, Arlt W, Carrick-Sen DM. Exploration of knowledge and 

understanding in patients with primary adrenal insufficiency: a mixed methods study. BMC 

Endocrine Disorders. 2017 17(1):47. (doi:10.11186/s12902-17-0196-0)

11. Tate DF, Lytle LA, Sherwood NE, Haire-Joshu D, Matheson D, Moore SM, Lloria CM, Pratt C, 

Ward DS, Belle SH, et al.Deconstructing interventions: approaches to studying behavior 

change techniques across obesity interventions. Translational Behavioural Medicine. 2016; 

6(2):236–43 (doi: 10.1007/s13142-015-0369-1). 

12. 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):42 (doi:10.1186/1748-5908-6-42)

13. Cane J, O’Connor D, Michie S. Validation of the theoretical domains framework for use in 

behaviour change and implementation research. Implementation Science;;7(1):37. (doi: 

10.1186/1748-5908-7-37)

14. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, Shamseer L, Tetzlaff 

JM, Akl EA, Brennan SE et al. The PRISMA 2020 statement: An updated guideline for reporting 

systematic reviews. PLOS Medicine. 2021; 18(3):e1003583. 

Page 18 of 43Accepted Manuscript published as EJE-21-1248.R1. Accepted for publication: 10-May-2022

Copyright © 2022 European Society of EndocrinologyDownloaded from Bioscientifica.com at 05/16/2022 11:29:59AM
via free access



Behaviour Change to prevent adrenal crises

19

(doi:10.1371/journal.pmed.1003583)

15. Higgins JP., Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA (editors) Cochrane 

Handbook for Systematic Reviews of Interventions version 6.0 (updated July 2019). Cochrane; 

2019. Avaulable from: www.training.cochrane.org/handbook [accessed 18th Sept 2019].

16. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan—a web and mobile app for 

systematic reviews. Systematic Reviews. 2016 ; 5(1):210. (doi:10.1186/s13643-016-0384-4). 

17. The Cochrane Developmental, Psychological and Learning Problems Research Group. Data 

collection form for intervention reviews:RCTs and non-RCTs. 2014.  Available from: 

https://dplp.cochrane.org/data-extraction-forms [accessed 2019 September 28].

18. Downes MJ, Brennan ML, Williams HC, Dean RS. Development of a critical appraisal tool to 

assess the quality of cross-sectional studies (AXIS). British Medical Journal Open. 2016; 

6(12):e011458. (doi: 10.1136/bmjopen-2016-011458)

19. Pluye P, Gagnon M-P, Griffiths F, Johnson-Lafleur J. A scoring system for appraising mixed 

methods research, and concomitantly appraising qualitative, quantitative and mixed methods 

primary studies in Mixed Studies Reviews. International Journal of Nursing Studies. 

2009;46:529–46. (doi:10.1016/ijnurstu.2009.01.009)

20. Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, Altman DG, Barbour V,  

McDonald H, Johnston M. et al. Better reporting of interventions: Template for intervention 

description and replication (TIDieR) checklist and guide. BMJ (online). 2014 ;348 (g1687–

g1687. (doi:10.1136/bmj.g1687)

21. Cane J, Richardson M, Johnston M, Ladha R, Michie S. From lists of behaviour change 

techniques (BCTs) to structured hierarchies: Comparison of two methods of developing a 

hierarchy of BCTs. British  Journal of Health Psychology; 20(1):130–50. 

Page 19 of 43 Accepted Manuscript published as EJE-21-1248.R1. Accepted for publication: 10-May-2022

Copyright © 2022 European Society of EndocrinologyDownloaded from Bioscientifica.com at 05/16/2022 11:29:59AM
via free access



Behaviour Change to prevent adrenal crises

20

(doi:10.1111/bjhp.12102)

22. Braatvedt GD, Newrick PG, Corrall RJ. Patients’ self administration of hydrocortisone. British 

Medical Journal. 1990; 301(6764):1312. (doi:10.1136/bmj.301.6764.1312)

23. Flemming TG, Kristensen LO. Quality of self-care in patients on replacement therapy with 

hydrocortisone. Journal of  Internal Medicine. 1999: 246(5):497–501. (doi:10.1046/j.1365-

2796,1999.00538.x)

24. Burger-Stritt S, Eff A, Quinkler M, Kienitz T, Stamm B, Willenberg HS, Meyer G, Kein J, Reisch 

N, Droste M et al. Standardised patient education in adrenal insufficiency: a prospective 

multi-centre evaluation. European Journal of Endocrinology. 2020 183(2):119–27. 

(doi:10.1530/EJE-20-0181)

25. Repping-Wuts HJWJ, Stikkelbroeck NMML, Noordzij A, Kerstens M, Hermus ARMM. A 

glucocorticoid education group meeting: an effective strategy for improving self-

management to prevent adrenal crisis. European Journal of Endocrinology. 2013; 169(1):17–

22. (doi:10.1530/EJE-12-1094)

26. Schöfl C, Mayr B, Maison N, Beuschlein F, Meyer G, Badenhoop K, Kienitz T, Quinkler M. Daily 

adjustment of glucocorticoids by patients with adrenal insufficiency. Clinical Endocrinology,. 

2019; 91(2):256–62. (doi:10.111/cen.14004)

27. van der Meij NTM, van Leeuwaarde RS, Vervoort SCJM, Zelissen PMJ. Self-management 

support in patients with adrenal insufficiency. Clinical Endocrinology. 2016 ; 85(4):652–9. 

(doi:10.1111/cen.13083)

28. Bornstein SR, Allolio B, Arlt W, Barthel A, Don-Wauchope A, Hammer GD, Eystein ES, Merke 

DP, Murad, MH, Stratakis CA, et al. Diagnosis and Treatment of Primary Adrenal Insufficiency: 

An Endocrine Society Clinical Practice Guideline. Journal of  Clinical Endocrinology and  

Page 20 of 43Accepted Manuscript published as EJE-21-1248.R1. Accepted for publication: 10-May-2022

Copyright © 2022 European Society of EndocrinologyDownloaded from Bioscientifica.com at 05/16/2022 11:29:59AM
via free access



Behaviour Change to prevent adrenal crises

21

Metabolism. 2016; 101(2), 364-389. (doi:10.1210/JC.2015-171  

29. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M. Developing and evaluating 

complex interventions: the new Medical Research Council guidance. British Medical Journal. 

2008; 337(a1655):a1655. (doi:101(2), 364-389).

30. O’Cathain A, Croot L, Duncan E, Rousseau N, Sworn K, Turner KM, Yardley, L, Hoddinott P. 

Guidance on how to develop complex interventions to improve health and healthcare. British 

Medical Journal Open.;9(8);1-9 (doi: 10.1136/bmjopen-2019-029954).

31. Simpson A, Jones J, Barlow S, Cox L. Adding SUGAR: Service user and carer collaboration in 

mental health nursing research. Journal of Psychosocial Nursing and Mental Health Services. 

2014;52(1).22-30. (doi: 10.3928/02793695-20131126-04)

32. Rose D, Kalathil J. Power, Privilege and Knowledge: the Untenable Promise of Co-production 

in Mental “Health”. Frontiers in Sociology. 2019; 4(57). 1-11 (doi:10.3389/fsoc.2019.00057)

33. Lemmens V, Oenema A, Knut IK, Brug J. Effectiveness of smoking cessation interventions 

among adults: a systematic review of reviews. European Journal of Cancer Prevention. 

2008;17(6), 535-544 (doi: 10.1097/CEJ.0b013e3282f75e48)

34. The Diabetes Prevention Programme  Research Group. The Diabetes Prevention Program 

(DPP); description of lifestyle interventions. Diabetes Care. 1996;25(12):2165–71. (doi: 

10.2337/diacare.25.12.2165)

35. Hutchesson MJ, Rollo ME, Krukowski R, Ells L, Harvey J, Morgan PJ, Callister R, Plotnikoff R, 

Collins CE. eHealth interventions for the prevention and treatment of overweight and obesity 

in adults: a systematic review with meta-analysis. Obesity Reviews. 2015;16(5):376–92. 

(doi:.org/10.1111/obr.12268)

Page 21 of 43 Accepted Manuscript published as EJE-21-1248.R1. Accepted for publication: 10-May-2022

Copyright © 2022 European Society of EndocrinologyDownloaded from Bioscientifica.com at 05/16/2022 11:29:59AM
via free access



Behaviour Change to prevent adrenal crises

22

36. Terranova CO, Brakenridge CL, Lawler SP, Eakin EG, Reeves MM. Effectiveness of lifestyle-

based weight loss interventions for adults with type 2 diabetes: a systematic review and 

meta-analysis. Diabetes, Obesity and Metabolism. 2015;17(4):371–8. 

(doi:.org/10.1111/dom.12430)

37. Barlow J, Wright C, Sheasby J, Turner A, Hainsworth J. Self-management approaches for 

people with chronic conditions: A review. Patient Education and Counselling. 2002; 

48(2):177–87. (doi: 10.1016/S0378-3991(02)00032-0)

38. Ditewig JB, Blok H, Havers J, van Veenendaal H. Effectiveness of self-management 

interventions on mortality, hospital readmissions, chronic heart failure hospitalization rate 

and quality of life in patients with chronic heart failure: A systematic review. Patient 

Education and Counselling. 2010; 78(3):297–315. (doi:10,1016/j.pec.2010.01.016)

39. Powell LH, Calvin JE, Richardson D, Janssen I, Mendes De Leon CF, Flynn KJ, Grady KL, Rucker-

Whitaker CS, Eaton C, Avery E. Self-management counseling in patients with heart failure: 

The heart failure adherence and retention randomized behavioral trial. JAMA - Journal of the 

American Medical Association. 2010; 304(12):1331–8. (doi:10.100/jama.2010.1362)

40. Hood KK, Hilliard M, Piatt G, Ievers-Landis CE, S Effective strategies for encouraging behavior 

change in people with diabetes. Diabetes Management. 2015;5(6):499–510. PMID: 

30100925.

41. Captieux M, Pearce G, Parke HL, Epiphaniou E, Wild S, Taylor SJC, Pinnock H. Supported self-

management for people with type 2 diabetes: A meta-review of quantitative systematic 

reviews. Vol. 8, British Medical Journal Open.; 2018.8; 1-11(doi:10.1136/bmjopen-2018-

024262)

42. Bartholomew LK, Mullen PD. Five roles for using theory and evidence in the design and 

Page 22 of 43Accepted Manuscript published as EJE-21-1248.R1. Accepted for publication: 10-May-2022

Copyright © 2022 European Society of EndocrinologyDownloaded from Bioscientifica.com at 05/16/2022 11:29:59AM
via free access



Behaviour Change to prevent adrenal crises

23

testing of behavior change interventions. J Public Health Dent. 2011;71:S20–33. 

(doi:110.1111/j.1752-7325.2011.00223)

Page 23 of 43 Accepted Manuscript published as EJE-21-1248.R1. Accepted for publication: 10-May-2022

Copyright © 2022 European Society of EndocrinologyDownloaded from Bioscientifica.com at 05/16/2022 11:29:59AM
via free access



Behaviour Change to prevent adrenal crises

24

Tables

Table 1 – Summary of characteristics of studies

Table 2 – Table showing intervention characteristics applied to the TiDIER reporting guidelines

Table 3 - Barriers and facilitators targeted in individual interventions linked to TDF domains

Table 4 -Frequency of identification of BCTs across interventions aligned to theoretical domains 

utilising Cane et al (2015) grouping and COM-B components.

Table 5 - Behaviour change techniques Taxonomy (v1) used in studies

Figures

Figure 1 - Links and frequency of identification between the BCTs, TDFS and COM-B model 

Figure 2 – PRISMA flow diagram

Page 24 of 43Accepted Manuscript published as EJE-21-1248.R1. Accepted for publication: 10-May-2022

Copyright © 2022 European Society of EndocrinologyDownloaded from Bioscientifica.com at 05/16/2022 11:29:59AM
via free access



Behaviour Change to prevent adrenal crises

25

Page 25 of 43 Accepted Manuscript published as EJE-21-1248.R1. Accepted for publication: 10-May-2022

Copyright © 2022 European Society of Endocrinology Downloaded from Bioscientifica.com at 05/16/2022 11:29:59AM
via free access



Table 1: Summary of characteristics of studies

Braatvedt et al. (22) Burger-Stritt et al. (24) Flemming & Kristensen (23) Hahner et al. (4) Repping-Wuts et al. (25) Schöfl et al. (26) Van der Meij et al. (27)
Location UK Germany Denmark Germany Netherlands Germany Netherlands
Type of AI

PAI 25 163 N/A 222 (includes 160 AAD) 71 34 15 (includes 7 AAD) 
SAI 225 N/A 201¹ 175 45 68
TAI 1
Iatrogenic 7
Unknown 4

Intervention Hydrocortisone & emergency injection 
education

Standardised group education 
information on adrenal physiology and AI 
GC dose adjustment during physical, or 
psychological stress, and AC.
Emergency management and practical 
training of sc/im hydrocortisone injection. 
Equipped with an emergency card and 
injection set, written instructions on AI, dose 
adjustment and IM self-injection. Exchange 
of personal experiences of AI.

Standard procedure education Written instructions Education group meeting Patient recorded diaries as part 
of nationwide structured 
teaching programme 

Education programme

Participants receiving intervention, 
n

25 526 84 423 246  80 83 

Comparator None None None None Usual care None None
Participants receiving comparator, n Nil Nil Nil Nil 44 Nil Nil
Research Objective Determine patients with PAI knowledge 

of GC dose adjustment, injection supply 
and self-administration 

Evaluate the knowledge and feelings of 
patients with AI in the management of 
adrenal emergencies following education in 
a standardised patient education programme.

Assess patients with PAI/SAI on HC 
replacement, level of information and 
ability to take appropriate action in 
cases of inter-current illness

Assess incidence, precipitating causes, 
potential risk factors and mortality 
associated with AC in patients with 
PAI/SAI in educated patients

Assess the self-management in 
patients with PAI/SAI pre and six 
months post glucocorticoid 
education group compared to 
participants who have never 
experienced training  

Evaluate self-management of 
patients with PAI/SAI/TAI to 
enhance existing education 
programme

Assess educated patients with 
PAI/SAI knowledge of GC 
stress instructions and explore 
underlying causes and care 
needs in patients with 
insufficient knowledge

Theme focus Patient Knowledge Patient knowledge & self-management Patient knowledge & self-management Self-management Self-management Self-management Patient knowledge
Design/Method Cross sectional (one time) 

questionnaire-based audit 
Prospective, longitudinal. multi centre 
questionnaire-based study.

Cross sectional (one time) 
questionnaire-based survey

Prospective observational, 
multicentre, longitudinal 
questionnaire (across 2 years with 
questionnaire every 6 months) based 
study.

Longitudinal questionnaire- based 
study; consisting of pre and post 
intervention survey

Prospective, multicentre, 
observational diary-based study

Mixed methods study

Quantitative methods- 
Statistical tests using hospital 
records and coded interview 
responses (correct/ incorrect)

Qualitative methods- Content 
analysis of thematically coded 
intervention responses.

Setting One UK endocrine unit Four University Hospital endocrine units, 
two endocrinology medical practices and 
two medical practices

One University Hospital endocrine out-
patient clinic

Four University Hospitals One University Hospital 
endocrine unit

Four tertiary endocrine centres One University Hospital 
endocrine unit

Sample size 25 399 84 423 290 80 83 
Age, years

Mean±S.D. 49 (18-79) 49.7±15.0 52.9 ± 15.9 53.3 ± 14.4
Median (range) 55 (18-85) 59 (20-87) 50 (20-83)

Sex ratio m:f 4:22  34:50 140:106 36:44 41:42
PAI 47:116 54:168
AAD 37:123
SAI 113:112 87:114
Iatrogenic 2:5
Unknown 1:3

Duration of AI (years)
Mean±S.D. 15 (1-35) 17.0± 12.8;

Control: 19.7± 11.6
14.2 ±11.5

Median (range) 6 (0-64) n/a   (0.5-46) 4 (0.5-44)
PAI men 9.5(0.2-43)
PAI women 10 (0.2-57)
SAI men 9.5 (1-69)
SAI women 11 (1-40)

Study Outcomes          
AC                                   44% n/a n/a ~11% (46/423) n/a 2.5% (2/80) 25.3% (21/83)

PAI 63% 29/46
SAI 37% 17/46 SAI

Frequency n/a n/a n/a 8.3/100pt/yrs n/a 2.1/100pt/years n/a
Hospitalisation               
  

n/a n/a 6% (5/84) were admitted to hospital for 
(AC) febrile events

14% (~59/423) n/a 2.5% (2/80)  n/a

Deaths n/a n/a n/a ~1% (4/423) n/a 0% (0/80) n/a
Quality of life                       n/a Prior to education 59% of patients felt they 

were doing ‘very well’/’well’, regarding 
their AI. 33% were satisfied, and 7.9% felt 
they were doing ‘bad or very bad’.66% of 
patients felt that their personal life was 
affected due to AI.  54% of employed 
patients felt AI had affected them.

n/a n/a n/a n/a n/a

Study Outcomes applied to TDF domains
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Knowledge

 

28% (7/25) correct action, 12% totally 
incorrect action (3/25).

significantly increased after education (all 
P<0.001). Recognition of signs and 
symptoms of incipient AC (2.2±0.7 v 
2.5±0.9, P<0.001) and perception of self-
management was significantly better 
immediately after education than 6-9 months 
post education 
(2.2±0.8v2.6±0.9. P<0.001).

~54% (45/84) answered at least 4/6 
hypothetical questions about acute stress 
correctly and either with at least one 
correct answer to question 7 or 8. 5% 
(4/84) answered all questions correctly. 
There was a marked difference with 
knowledge and age.
59% (50/84) considered themselves well 
informed.

Comparison between baseline and 
follow up in the intervention 
group, saw an increase in the 
number of hypothetical questions 
answered correctly. Before 
intervention there were no 
significant differences between 
control responses to hypothetical 
questions about their condition.  
However, significantly more in 
the group that were to receive 
intervention v responders 
mentioned taking action in case 
of flu and raised temp ≥38 c. 
After the intervention, the 
treatment group were more likely 
to report 
that they would take appropriate 
action after vomiting, and after 
repeated vomiting/diarrhoea and a 
concerning temperature.

51.8% (43/83) were unable to 
answer the hypothetical 
questions correctly. Level of 
education was significantly 
associated with knowledge.

Behaviour 60% (15/25) had never changed their 
GC dose despite 80% (12/15) having the 
disease >16 years. 8% (2/25) could self-
administer (1 did not take kit on 
holiday). 80% (20/22) carried steroid 
card/wore medical alert jewellery.

~38% (14/37) of patients who had 
reported at least one episode of pyrexia 
during past year had not increased their 
GC dose. ~80% (67/84) possessed a 
steroid card

53% (n/a) of patients who reported 
deterioration in health did not seek 
medical advice. 18% (n/a) reported no 
GC dose adjustment. From 78 
episodes of vomiting, 12% (n/a) did 
not adjust their steroids, 18% (n/a) 
used a GC suppository 30% (n/a) 
adjusted their oral GC dose and 41 % 
responded appropriately and gave 
parenteral GC (Total = 101% due to 
rounding). Patients who experienced 
AC during follow up were more likely 
to adjust GC dose during fever (89% v 
63%) and other events requiring 
adjustment (78% v 62%).

~89% (71/80) of patients 
experienced at least one day of 
discomfort, which required 
dose adjustment on 35% of 
discomfort days. Discomfort 
documented in 13.6% of all 
recorded days. GC dose 
adjustment during symptoms 
which might indicate GI 
infection only 30% doubled the 
dose. Several patients (number 
unspecified) doubled or tripled 
their dose even though 
symptom score was low

4.8% never increased their 
dose.

Beliefs about capabilities Significantly fewer patients would dare to 
perform emergency injection at 6-9 months 
compared to immediately after education. 
Younger patients (<55 years) were more 
confident to self-inject compared to older 
patients (74, 89% v 62, 77%) at baseline and 
long term follow up. More males were 
confident than females to self-inject at 
baseline and immediately after education 
(75, 95 % v 64, 86%).

91.2% (62/83) of those taught, 
thought themselves capable to 
administer emergency 
injection.

Emotions Significantly more patients stated that they 
would dare to perform an injection after 
education compared to baseline (68% v 91% 
v 83% P <0.001).  94% Patients felt that a 
standardised patient education programme 
would improve their quality of life, this 
increased to 98% after education and 95% 6-
9 months post education

The control group were more 
satisfied with the information 
they had received in the past than 
the treatment group

Skills 40% (10/25) said never had been 
instructed on HC injection, of whom 
none had supply of parental HC.

81.9% (68/83) and/or social 
network knew how to 
administer HC injection. 18% 
(15/83) had never received 
training

Social influences Social influences & environmental 
context and resources - 60% (15/25) 
recalled instruction of parental HC, 40% 
(6/15) had a supply (1 had no 
needles/syringes, 1 expired vial) 2 
thought they would not be able to self-
administer

Environmental context and 
resources

 ~80% (67/84) possessed a steroid card. 96% (~406/423) were
equipped with emergency card and 30 
% (~127/423) had an emergency HC 
kit. Patients who had experienced AC 
during follow-up were more likely to 
be in possession of emergency kit at 
baseline (52% v 26%).

After the intervention, the 
treatment group had more self-
management tools; GC 
instruction leaflet, medicine 
passport/medical alert jewellery

97.6% (78/83) had a 100mg 
vial of parental HC, however 
only 86.7% (72/83) had 
needles and syringes. 43.3% 
wore medic alert identification 
all the time.

n/a – not available; PAI – primary adrenal insufficiency; AAD- autoimmune Addison’s disease; Pt/yrs – patient years; AC- adrenal crisis; SAI – secondary adrenal insufficiency; AE – adrenal emergency; TAI – tertiary adrenal insufficiency; HC- hydrocortisone; TDF- theoretical domains framework; GC- glucocorticoid

                                           ¹ number of SAI patients reported in tables 1 & 2 (n=201), table 3 & abstract (n=202)
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Table 2: Table showing intervention characteristics applied to the TiDIER reporting guidelines

Braatvedt et al. (22) Burger-Stritt et al. (24) Flemming & Kristensen (23) Hahner et al. (4) Repping-Wuts et al. (25) Schöfl et al. (26) Van der Meij et al. (27)
Intervention Hydrocortisone & emergency 

injection education
Standardised group education Standard procedure education Written instructions Educational group meeting National structured teaching programme Standardised individual education

Parental hydrocortisone available
Why To adequately prepare people with 

adrenal insufficiency to manage 
their GRT during intercurrent 
illness

To standardise and adequately prepare people 
with adrenal insufficiency to manage their 
GRT during intercurrent illness

To adequately prepare people 
with adrenal insufficiency to 
manage their GRT during 
intercurrent illness

Standardise information for patients 
with adrenal insufficiency to manage 
their GRT during intercurrent 
illness/acute need

To adequately prepare people with adrenal 
insufficiency and their family/friends to 
manage their GRT during intercurrent 
illness/acute need

Identify areas of patients’ self-management 
during times of intercurrent illness/acute need 
that may require additional support 

To adequately prepare people with adrenal 
insufficiency and their family/friends to 
manage their GRT during intercurrent 
illness/acute need

What
Materials Equipped with an emergency 

injection set
Equipped with an emergency card and 
injection set. Written instructions on AI, dose 
adjustment and IM self- injection.

Equipped with a steroid card. Equipped with written instructions on 
GC adaptation.

On call endocrinologist available to contact 
24 hrs/7days a week.

n/a The educational material is presented as slides, 
and the patient is equipped with written 
information to take with them after the session.

Procedures Provided instructions on GC dose 
adjustment

Provided information about adrenal physiology 
and AI, AC, dose adjustment of the daily oral 
GC dose during physical or psychological 
stress, emergency management and self-
injection of HC. Practical training for patients 
and relatives in preparation and administration 
of IM or SC emergency hydrocortisone 
injection.
Peer support

Provided instruction and 
information on HC treatment and 
dose adjustments.

Provided instructions on GC 
administration and to immediately 
contact emergency HCP for parental 
HC in case of diarrhoea & vomiting.

Provided information about AI, treatment, 
stress related GC dose adaption, parental 
administration guidance (with practical 
training), and how/when to contact hospital. 
Peer support.

A national structured teaching programme 
provided information about AI, dose 
adaptation, and emergency situations. In 
addition, to evaluate this intervention, 100 
patients were asked to complete daily diary 
entries about their condition. For this purpose 
of this project, the diary is considered part of 
the intervention

Provided information about AI and daily 
medicating, training in adjusting the dose 
during stress, and training in injection 
techniques. The importance of the emergency 
card/jewellery was discussed and provided. 
Travel advice was given.

Who provided Clinical unit representatives Endocrine nurse and endocrinologist Trained endocrinologists Hospital researchers as part of their 
study.

Nursing staff n/a Nurse practitioner

How n/a Verbal; Face to face; Powerpoint presentation; 
Group (4-10 participants per session); (Patient 
and relative)

Verbal; Face-to-face Written instructions Verbal; Face to face; Video; Group (12-14 
pts per meeting); 
(Patient and guest)

n/a Verbal; Face to face; Individual; Slide 
presentation; Written instructions and 
information; (Patient and caregiver)

Where n/a n/a n/a n/a n/a n/a n/a
When & how much n/a One 2-hour session 6-12 monthly clinic review with 

endocrinologist
Once One 3 hr session; Education group meeting n/a 60 min session; Once or twice  

Tailoring n/a n/a n/a n/a n/a  n/a n/a 
Patients and caregivers who chose not to 
receive training or were not able to learn the 
IM injection technique did not receive the 
complete training.
Patients on anti-coagulants did not receive this 
training due to risk of haematoma.
All were referred to the General Practitioner to 
ask if they could  administer the injection in 
case of persistent vomiting, watery diarrhoea  
and/or decreased consciousness

Modifications n/a n/a n/a n/a n/a n/a n/a
How well Planned/ Actual n/a n/a n/a n/a n/a 80/100 (80%) patients returned diaries n/a

AC- Adrenal Crisis; GC – glucocorticoid; AI – Adrenal insufficiency; GRT –glucocorticoid replacement therapy; n/a – not available
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Table 3: Barriers and facilitators targeted in individual interventions linked to TDF domains. The table presents the number of 
TDF domains targeted.

TDF Domain References
(22) (24) (23) (4) (25) (26) (27)

Knowledge 1 ≥2 1 1 ≥2 1 ≥2
Skills None 1 None None 1 None 1
Beliefs about capabilities None None None None None None None
Beliefs about consequences 1 ≥2 1 None ≥2 1 ≥2
Reinforcement None None None None None None None
Intentions None None None None None None None
Goals None None None None None None None
Social professional role and identity None None None None None None None
Social influences 1 ≥2 None 1 ≥2 1 ≥2
Optimism None None None None None None None
Emotion 1 ≥2 1 1 ≥2 ≥2 ≥2
Environmental context and resources 1 1 1 None 1 None None
Memory, attention and decision processes None None None None None None None
Behavioural regulation None None None None None 1 None
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Table 4: Frequency of identifications of BCTs across interventions aligned to theoretical domains 
utilising Cane et al (2015) grouping and COM-B components.

References
(22) (24) (23) (4) (25) (26) (27)

Behaviour Change technique
Goals and planning
Feedback and Monitoring Y
Social Support Y Y Y Y Y
Shaping knowledge Y Y Y Y Y Y Y
Natural consequences Y Y Y
Comparison of behaviours Y Y Y
Associations
Repetition and Substitution Y Y Y
Comparison of outcomes Y Y Y Y Y Y
Reward and threat
Regulation Y Y Y Y Y Y Y
Antecedents Y Y Y Y
Identity
Scheduled consequences
Self-belief
Covert learning

Total number
Clustersa 4 8 4 3 8 5 7
Domainsb 5 7 5 4 7 6 5
Componentsc 3 3 3 3 3 3 3

aBehaviour change technique cluster, bTheoretical Framework Domains, cCOM-B; Capabilities, 
Opportunities, Motivation
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Table 5: Behaviour change techniques Taxonomy (BCCTv1) used in studies

Behaviour change techniques Braatvedt et al. (22) Burger-Stritt et al. (24) Flemming & Kristensen (23) Hahner et al. (4) Repping-Wuts et al. (25) Schöfl et al. (26) Van der Meij et al. (27)
1. Goals & planning
2. Feedback & monitoring 2.3- self-monitoring of behaviour
3. Social support 3.1-social support (unspecified) 3.1-social support (unspecified) 3.1-social support (unspecified) 3.1-social support (unspecified) 3.1-social support (unspecified)

3.2- social support (practical) 3.2- social support (practical 3.2- social support (practical) 3.2- social support (practical)
3.3-social support (emotional) 3.3-social support (emotional)

4. Shaping knowledge 4.1- instruction on how to perform a 
behaviour

4.1-instruction on how to perform a 
behaviour

 4.1- instruction on how to perform a 
behaviour

4.1-instruction on how to perform 
a behaviour

4.1-instruction on how to perform a 
behaviour

4.1-instruction on how to perform 
a behaviour

 4.1-instruction on how to 
perform a behaviour

5. Natural consequences 5.1-information about health 
consequence

5.1-information about health 
consequence

5.1-information about health 
consequence

6. Comparison of behaviour 6.1 –demonstration of the behaviour 6.1 –demonstration of the behaviour 6.1 –demonstration of the 
behaviour

7. Association
8. Repetitions and substitution 8.1-behavioural practice/ rehearsal  8.1-behavioural practice/ rehearsal  8.1-behavioural practice/ 

rehearsal
9. Comparison of outcomes 9.1-credible source 9.1-credible source 9.1-credible source 9.1-credible source 9.1-credible source 9.1-credible source
10. Reward and threat
11. Regulation 11.1-pharmacological support 11.1-pharmacological support 11.1-pharmacological support 11.1-pharmacological support 11.1-pharmacological support 11.1-pharmacological support 11.1-pharmacological support

11.3-conserving mental resources 11.3-conserving mental resources
12. Antecedents 12.5-adding objects to the 

environment
12.5-adding objects to the 
environment

12.5-adding objects to the 
environment

12.5-adding objects to the 
environment

13. Identity
14. Scheduled consequences
15. Self-belief
16. Covert learning
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Figure 1: Links and frequency of identification between the BCTs, TDFs and COM-B model (adapted from 
Staniford and Schmidtke, 2020) + = 1 study (max n=7) 
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Figure 2 Prisma flow diagram 
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2

Supplementary file Table 1 -PRISMA 2020 checklist 

Section and 
Topic 

Item 
# Checklist item 

Location 
where item is 
reported 

TITLE 
Title 1 Identify the report as a systematic review. Page 1
ABSTRACT 
Abstract 2 See the PRISMA 2020 for Abstracts checklist. Page 2
INTRODUCTION 
Rationale 3 Describe the rationale for the review in the context of existing knowledge. Page 3
Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. Page 4
METHODS 
Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Page 5 & 

Supplementary 
file Table 3

Information 
sources 

6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify 
the date when each source was last searched or consulted.

Page 5

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. Supplementary 
file Table 2

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each 
record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.

Page 5

Data collection 
process 

9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked 
independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in 
the process.

Page 6

10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each 
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.

Page 6Data items 

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any 
assumptions made about any missing or unclear information.

Page 6

Study risk of bias 
assessment

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed 
each study and whether they worked independently, and if applicable, details of automation tools used in the process.

Page 6

Effect measures 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. NA
Synthesis 
methods

13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics 
and comparing against the planned groups for each synthesis (item #5)).

Page 6-7

Page 36 of 43Accepted Manuscript published as EJE-21-1248.R1. Accepted for publication: 10-May-2022

Copyright © 2022 European Society of Endocrinology Downloaded from Bioscientifica.com at 05/16/2022 11:29:59AM
via free access



3

Section and 
Topic 

Item 
# Checklist item 

Location 
where item is 
reported 

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data 
conversions.

NA

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. Page 6-7
13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the 

model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
Page 6-7

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). NA
13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. NA

Reporting bias 
assessment

14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). NA

Certainty 
assessment

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. NA

RESULTS 
16a Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included 

in the review, ideally using a flow diagram.
Figure 2 – 
Page 42 

Study selection 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. Figure 2 – 
Page 42

Study 
characteristics 

17 Cite each included study and present its characteristics. Table 1 & – 
Pages 28-35

Risk of bias in 
studies 

18 Present assessments of risk of bias for each included study. Supplementary 
files 4 & 5

Results of 
individual studies 

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its 
precision (e.g. confidence/credible interval), ideally using structured tables or plots.

Pages 28-40 
Tables -
1,2,3,4,5

20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Page 8 
Supplementary 
files 4 & 5

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision 
(e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.

NA

20c Present results of all investigations of possible causes of heterogeneity among study results. Page 7-8

Results of 
syntheses

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. NA
Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. Supplementary 
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4

Section and 
Topic 

Item 
# Checklist item 

Location 
where item is 
reported 
files 4 & 5 & 
Page 8

Certainty of 
evidence 

22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. NA

DISCUSSION 
23a Provide a general interpretation of the results in the context of other evidence. Page 13-15
23b Discuss any limitations of the evidence included in the review. Page 15-16
23c Discuss any limitations of the review processes used. NA

Discussion 

23d Discuss implications of the results for practice, policy, and future research. 14-16
OTHER INFORMATION

24a Provide registration information for the review, including register name and registration number, or state that the review was not registered. Page 2
24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. Page 2

Registration and 
protocol

24c Describe and explain any amendments to information provided at registration or in the protocol. Page 2
Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. Page 17
Competing 
interests

26 Declare any competing interests of review authors. Page 17

Availability of 
data, code and 
other materials

27 Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included 
studies; data used for all analyses; analytic code; any other materials used in the review.

Page 17
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5

Supplementary File Table 2 - Medline Search Strategy

1. exp Addisons Disease/ 
2. addison* disease.ti,ab. 
3. PAI.ti,ab. 
4. (adrenal adj2 insuffic*).ti,ab. 
5. (adrenal adj2 fail*).ti,ab. 
6. 1 or 2 or 3 or 4 or 5 
7. exp self management/ 
8. exp Health Behavior/ 
9. (behav* adj2 change).ti,ab. 
10. (Behavio* adj2 interven*).ti,ab. 
11. (Behavio* adj2 manage*).ti,ab. 
12. (Behavio* adj2 techniq*).ti,ab. 
13. (therap* adj2 intervention).ti,ab. 
14. support*.ti,ab. 
15. exp self care/ 
16. exp self efficacy/ 
17. Preventi* measures.ti,ab. 
18. Educat*.ti,ab. 

19. 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 
or 16 or 17 or 18 

20. Crisis.mp. 
21. crises.mp. 
22. stress*.mp. 
23. complication*.mp. 
24. emergenc*.mp. 
25. death*.mp. 
26. hospital*.mp. 
27. quality of life.mp. or "Quality of Life"/ 
28. cost*.ti,ab. 
29. psycholog*.mp. 
30. mortalit*.mp. 
31. exp Morbidity/ 
32. outpatient*.mp. 
33. AC.mp. 

34. 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 
28 or 29 or 30 or 31 or 32 or 33 

35. 6 and 19 and 34
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6

Supplementary File Table 3 - Table 3 PICOTSS inclusion criteria

PICOTSS* Inclusion criteria

Patient population Adults aged 18 years or older
Patients with PAI**
On GRT*

Intervention All behavioural change interventions
Comparison group(s) Usual care or any other intervention
Outcomes (Effectiveness) Incidence of AC*** and/or hospitalisation

Length of hospitalisation
Mortality

Outcomes (Qualitative) Quality of life 
Identification of behaviour barriers and facilitators 
in the prevention of AC 

Timing Any time point
Setting Any setting
Study design Human

Systematic reviews
All quantitative
Any type of mixed methods or qualitative-only 
research that explores the barriers and/or 
facilitators and/or interventions to prevent AC

*PICOTS - Population, Intervention, Comparison, Outcomes, Timing, Setting.
**PAI – Primary Adrenal Insufficiency
**GRT – Glucocorticoid replacement therapy
***AC – Adrenal Crisis
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Supplementary File Table 4 –AXIS appraisal
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Supplementary File Table 5 –MMAT (2018) critical appraisal
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