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Abstract

Objective: Adrenal crisis is a life-threatening complication that requires urgent administration
of parenteral hydrocortisone. Current patient education interventions remain ineffective,
contributing to preventable hospitalisations and deaths. This study explored the lived
experiences of individuals with adrenal insufficiency, focusing on the factors influencing self-
management during adrenal crises.

Methods: This qualitative study employed online semi-structured interviews with adults with
adrenal insufficiency who had experienced at least one adrenal crisis in the past three years.
Participants were recruited via patient advocacy groups in the United Kingdom. Data were
analysed using an inductive thematic approach, allowing themes to emerge directly from the
data without imposing predetermined categories.

Results: Twelve themes, grouped into four overarching domains, captured individual
experiences of managing adrenal crises: 1) Knowledge and Experience, 2) Tools and Training,
3) Psychological and Emotional Impact, and 4) Support and Dependence on Others.
Participants reported challenges including delayed diagnosis, difficulties recognising adrenal
crisis symptoms, and the complexity of the hydrocortisone injection process. However, prior
experiences of adrenal crises, patient education, and advocacy resources fostered greater
confidence in self-management. Participants highlighted the need for simplified injection
devices, clearer stress dosing guidelines, improved training for healthcare professionals, and
increased public awareness.

Conclusion: Findings from this qualitative study emphasise that effective adrenal crisis
management requires patient-centred, evidence-based interventions focusing on education,
healthcare professional training, and public awareness. Simplified hydrocortisone delivery
devices and systemic reforms are crucial to supporting self-management and minimising
preventable hospitalisations and fatalities caused by adrenal crises.
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Plain Language Summary

People with adrenal insufficiency face life-threatening emergencies called adrenal crises,
which need urgent treatment with hydrocortisone injections. In this study, 12 people shared
their struggles, including complex injection procedures, severe symptoms which made self-
injection challenging, and limited support to manage these crises effectively. Simpler injection
devices, better information, and improved training for healthcare staff could help people self-

manage their condition better, prevent avoidable hospital admissions, and save lives.
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Introduction

Adrenal crisis is a life-threatening emergency and the most severe manifestation of adrenal
insufficiency, triggered when cortisol demand is not matched by adequate glucocorticoid
and/or mineralocorticoid provision. Most patients with adrenal insufficiency require lifelong
glucocorticoid replacement, typically hydrocortisone tablets taken 2-3 times daily. During
illness or stress, patients need to follow “sick day” or “stress dosing” rules by increasing their
glucocorticoid intake, and parenteral hydrocortisone is required during an adrenal crisis to
prevent hospitalization and death (1, 2). There is no universally agreed-upon definition for
adrenal crisis, though most accepted definitions emphasize acute deterioration and profound
impairment of general health, with at least two of the following signs and symptoms: arterial
hypotension with systolic blood pressure <100 mm Hg or relative hypotension (=20 mm Hg
lower than usual), nausea or vomiting, severe weakness or fatigue, fever, somnolence,
confusion or impaired consciousness, hyponatremia (< 132 mmol/L), hyperkalemia, and/or
hypoglycemia (more common in children), necessitating immediate parenteral glucocorticoids
(1, 3-7) resulting in a marked improvement in symptoms within two hours post parenteral
glucocorticoid administration (1).

Approximately 6 — 8% of patients with adrenal insufficiency experience a life-threatening
adrenal crisis every year (8). Prospective studies from Europe reported an incidence of 8
adrenal crises per 100-patient years (9, 10), while a recent retrospective US study found an
incidence of 24 adrenal crises per 100 patient-years; 44% of patients had at least one adrenal
crisis since diagnosis (11). Patients with primary adrenal insufficiency are at higher risk of
adrenal crises compared to those with secondary adrenal insufficiency, with incidence rates of
5.2to 7.6 and 3.2 to 5.8 per 100 patient-years, respectively (8, 12, 13). However, patients with
tertiary adrenal insufficiency face the highest risk, with an incidence of 15.1 adrenal crises per

100 patient-years (13). The mortality associated with adrenal crisis is 0.5 per 100 patient years
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due to rapid health decline, despite the preventable nature of such episodes (3, 9). Data on
hospital admissions in the United Kingdom indicate that deaths related to adrenal crises are
ten times higher than those caused by diabetic ketoacidosis (14).

The standard treatment for adrenal crisis requires immediate parenteral hydrocortisone
administration, a glucocorticoid equivalent to cortisol, to restore physiological function before
prolonged hypotension causes irreversible damage (1). In adults, the recommended initial dose
is 100 mg of hydrocortisone given intramuscularly or intravenously, followed by 200 mg over
24 hours via continuous infusion or 50 mg bolus every 6 hours, in the hospital setting (1, 7,
15). Patients with adrenal insufficiency are required to be competent in reconstituting, drawing
up, and administering an intramuscular injection to self-manage an adrenal crisis; this process
involves more than 15 steps and requires adequate vision and dexterity. The profound physical
and neurocognitive impairment associated with an adrenal crisis, compounded by the
complexity of the hydrocortisone injection, often hinder a patient’s ability to self-inject, even
if fully trained, necessitating assistance from a caregiver or a healthcare professional (1, 3, 16-
19). An anxious caregiver may also find it difficult to perform this complex task, compounding
the risk of mortality for the patient experiencing an adrenal crisis (19, 20).

Studies show that although over 70% of patients or their caregivers are trained and are in
possession of an emergency injection kit (16, 21-23), fewer than 25% manage to self-inject or
have this administered by a parent or caregiver (19, 21, 23-25), with rates as low as 12% in
some cases (10, 24, 26). Allolio highlighted that up to 50% of adrenal crises-related
hospitalisations may be prevented with effective self-management and timely self-injection (3).
A study by Burger-Stritt et al. found that 38% of patients who self-injected at home required
hospitalisation versus 73% who had to wait for a healthcare professional to administer their
hydrocortisone (p=0.008). However, a recent study reported that 41% of patients were unable

to self-inject despite attempting to do so during an adrenal crisis (18). Evidence from our group
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further demonstrates that adrenal crisis management is complex and influenced by multiple
factors, often beyond the patient’s control, including injection device-related barriers, external
constraints, and emotional responses such as anxiety and lack of confidence (19). The
complexity of the multi-step hydrocortisone injection process has been cited as a major barrier
by more than 80% of patients and caregivers (19, 27).

Despite various initiatives to enhance disease awareness and patient education, self-
management of adrenal crises remains a significant challenge (5, 6, 17, 27-30). Sixty percent
of patients with adrenal insufficiency report reduced self-confidence in effectively managing a
crisis, even after receiving adequate information and injection training (5). Current evidence
provides limited guidance on effective self-management strategies to support patients during
adrenal crises, highlighting a critical gap in existing practices and the need for approaches that
empower patients to independently recognise and manage these life-threatening situations.
This study aimed to provide an in-depth understanding of patients’ experiences and perceptions
of managing adrenal crises, with a particular focus on the factors influencing the administration

of parenteral hydrocortisone in home or in community settings.

Participants and methods

Study design and research paradigm

A constructivist paradigm (31) guided the exploration and interpretation of patients' diverse
experiences and perceptions of managing adrenal crises, providing insights into how
individuals understand, adapt to, and navigate the challenges associated with managing these
life-threatening episodes. We adopted he Consolidated Criteria for Reporting Qualitative

Research (COREQ) guidelines to design and report this qualitative study (32).

2025 10:16:09AM
ns Attribution

Downloaded from Bioscientifica.com at 0428
Copyright © 2023 the authors ia Open Access. This work is lic

http://creativecommons.org/licenses/by/4.0/deed.en_GB

>nsed under a CreativeCc

onal License



http://creativecommons.org/licenses/by/4.0/deed.en_GB

Page 7 of 33

Accepted Manuscript published as EC-24-0651.R1. Accepted for publication: 11-Apr-2025

Setting and participants

Patients with adrenal insufficiency were recruited via two UK-based Patient Advocacy Groups

(PAGs): the Addison’s Disease Self-Help Group (ADSHG) and The Pituitary Foundation, with

a combined approximate membership of 3,500 individuals. Using a convenience sampling

approach, potential participants confirmed their eligibility and provided informed consent via

a secure University Qualtrics® account to participate in the study.

Inclusion criteria

e Adults older than 18 years of age diagnosed with adrenal insufficiency on glucocorticoid
replacement therapy, residing and receiving medical care in the UK

e Experienced at least one adrenal crisis in the past three years requiring parenteral
hydrocortisone, either self-administered or given by a family member, caregiver, or a
healthcare professional.

Given the lack of a universally accepted definition of adrenal crisis, we adopted a pragmatic

approach, allowing participants to describe their experiences based on their own understanding

rather than predefined clinical criteria. The occurrence of an adrenal crisis was determined

based on the symptoms described during the interviews and assessed by the first author

conducting the interviews.

Data Collection

Semi-structured interviews, each lasting up to 60 minutes, were conducted by the first author

using a secure Microsoft Teams University account, between June and July 2023. An interview

guide (Supplementary material) was developed in consultation with all authors and a patient

advisory group, based on the study objectives, and was pilot tested with the first participant.
Patients were invited to have a family member or caregiver join the interview, if they felt
support was needed to help recall the adrenal crisis events, provided that the person was present

during the crisis, and both were comfortable discussing the experience.
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Data analysis

Analysis was conducted in parallel with data collection and video recordings were transcribed
verbatim by the first author. Qualitative thematic analysis using QSR NVivo 12 enabled a
rigorous, inductive process of data familiarisation, coding, and theme identification to capture
shared underlying experiences among participants (33). To minimise interpretive bias,
transcripts from five interviews were blind coded by HY, a qualitative researcher with no
domain expertise in adrenal insufficiency, cross-checked with AC and validated by SL.
Reliability was assessed by theme concordance and in discussion with the research team.
Ethical considerations

The study was approved by the Ethics Committee at the School of Health and Psychological
Sciences Health, City St George’s, University of London (ETH2223-1304). Each participant
was assigned a unique study ID, and data handling complied with the Data Protection Act 2018,
the General Data Protection Regulations 2016, and the Data Protection Bill, ensuring

confidentiality and data integrity.

Results

Twelve participants, all white European females residing in various locations across the UK,
were interviewed for this study, including one accompanied by their next of kin. The mean age
of participants was 43.8 years (SD = 10.2; range: 27-65), with a mean duration of adrenal
insufficiency since diagnosis of 7.5 years (SD = 5.7; range: 1.5-17). Three participants lived
alone, while nine lived with family members or partners. Nine participants had secondary
adrenal insufficiency (four with acromegaly, three with Cushing’s disease, and two with
Sheehan’s syndrome), and three had tertiary glucocorticoid-induced adrenal insufficiency.
Four participants were taking prednisolone, and eight were taking hydrocortisone for

glucocorticoid replacement. All participants had at least one comorbidity and were on
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concomitant medication, primarily pituitary replacement therapies. None of the participants
reported any visual, physical, or motor impairments that could have affected their ability to
self-administer hydrocortisone. On average, participants experienced 4.4 adrenal crises in the
past three years (SD = 2.5; range: 2-9).

Twelve themes captured patients' experiences and perceptions of managing adrenal crises with
parenteral hydrocortisone. These themes were mapped against four overarching domains: 1)
Knowledge and Experience, 2) Tools and Training, 3) Psychological and Emotional Impact,
and 4) Support and Dependence on Others (Figure 1). Participants reported varied experiences
throughout their adrenal crisis journey, from the period prior to diagnosis to their most recent
crisis. All participants had experienced at least two adrenal crises within the past three years,
and five partcipants reported having five or more episodes during that period. Adrenal crisis-
related symptoms varied among participants: two reported low blood pressure, six described
loss of consciousness, and one reported hypoglycaemia. Nine out of twelve participants stated
that they attended Accident and Emergency during most, if not all, of their adrenal crisis events.

Insert Figure 1 here

Knowledge and experience
Knowledge of stress dosing and adrenal crisis
Participants had mixed views on understanding and defining adrenal insufficiency and adrenal
crisis. Most participants reported that better understanding and awareness developed gradually
over time as they learned how to manage their condition and listen to their body:
“I think I'm new to it, so I don't know. I'm winging it because like I said, I've got so many
conditions.” (P9).
Some participants highlighted confusion around the term “sick day rules” or “stress dosing”
interpreting it as applying only to actual illness, which led to reluctancy adjusting their
glucocorticoids during situations like mental exhaustion or physical injury, suggesting that:
Downloaded from Bioscientifica.com at 04498
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“I think they [guidelines] need to move away from the idea of sick dosing, and they need
to move more of an idea of stress dosing. ...people would understand that there's a need
to kind of increase steroid coverage for more things.” (P7)
Diagnosis journey
Some participants, especially those with secondary adrenal insufficiency, reported
experiencing unrecognised non-specific symptoms of adrenal insufficiency for many years
before receiving a formal diagnosis. The delay in obtaining an accurate diagnosis made it
challenging for them to come to terms with their condition. One participant even perceived
some of these symptoms as adrenal crises:
“I was diagnosed with acromegaly 15 years ago, but I had symptoms for at least three
years before that, probably more like five adrenal crises looking back. ...an adrenal
crisis would've been coming on, and I hadn't really realized.” (P1)
Symptoms of an impending adrenal crisis
Some participants experienced obvious symptoms, with vomiting, nausea, lethargy and
unresponsiveness being the most reported:
“...my head drops. I can't hold my body up. And then suddenly, my arms have gone over,
and I don't make sense. I'm gibberish and that's the start.” (P8)
However, others found certain adrenal crisis symptoms challenging to recognise, leading to
feelings of hesitation and uncertainty about when and how to stress dose or self-inject
hydrocortisone. This feeling was also shared by the next of kin to one of the participants:
“It's not black and white... it's not binary. Is she in an adrenal crisis or not? I still don't
know.” (P2-NOK)
Adrenal crisis precipitating factors
The most commonly reported precipitating factors that participants identified as triggers for
adrenal crises were gastrointestinal infections (“sickness bugs”) and other infections, cited by
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nearly all participants. Several also identified upper respiratory tract infections, such as
common colds. Additional precipitating factors included non-adherence to glucocorticoid
treatment, either by missing doses or failing to increase the dose during periods of illness and
“sick days”, along with insufficient sleep, emotional distress, physical exhaustion, and
medication changes, such as switching from hydrocortisone to prednisolone. Notably, more
than half of the participants reported difficulty recognising the warning signs or triggers of an
impending adrenal crisis, leaving them unprepared to take preventative action, as this patient
noted:

’

“I'm always unsure what's triggering, unless I've got other key symptoms that I know.’
(P9).
Learning from previous adrenal crisis was essential for some participants as it enabled them to
better understand the precipitating factors of an impending adrenal crisis and manage
subsequent crises more effectively:

“I knew that I could increase my steroid.” (P1)

Care received
Participants’ experience of the care they received from non-endocrine healthcare professionals
was influenced by their perception of these providers' knowledge of adrenal crisis and
willingness to accept guidance, such as the emergency steroid card. While some patients
praised the excellent care received from their general practitioners and paramedics, there was
an overall sense of frustration with hospital and emergency care personnel:

“I turn up to A&E and say, I've had my injection. They just go, oh, well, okay, whatever.

Like a lot of the time, it's not recognised as an actual serious problem.” (P5)
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Tools and training
Use of hydrocortisone emergency kits
One participant found the hydrocortisone injection simple and straightforward, noting that her
healthcare background likely boosted her confidence. However, most participants found the
injection kit complicated and challenging to prepare, with a primary concern being the multiple
steps required to mix, withdraw and inject hydrocortisone, especially in comparison to other
devices such as adrenaline autoinjectors or insulin pens. Some participants expressed
preference for the premixed hydrocortisone ampule, while other suggested that preparing and
administering the hydrocortisone injection before symptoms worsened facilitated their success
in self-managing adrenal crises:
“I was kneeling on the bathroom floor, and I managed to mix the two together and then
inject through clothing, because I knew I got to get it in really fast.” (P6)
Supportive tools for adrenal crisis management
Participants reported that the tools that alert others to the risk of adrenal crisis, such as the
emergency steroid card, printed guidelines, medic alert bracelet, and red flag system, were
helpful in managing adrenal crises. However, despite these alerts, they often experienced
delays in the timely administration of parenteral hydrocortisone:
“I have got this steroid card; ... Some staff looked at it like, I don't need that, I'm a
medical professional, I know my stuff. But I've had some people [healthcare staff] who've
been very appreciative of it... " (P2)
Education received
Overall, participants found hospital training on “sick day rules” and how to administer
hydrocortisone injections, though not all received in-person training, and some found these
sessions confusing. Online videos from patient advocacy groups were especially valued for

reinforcing in-person sessions:
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“The endocrine nurses ... were very good about explaining the sick day rules and what
I need to do [in an adrenal crisis].” (P1)
“The explanation regarding like the sick day rules, that really confused me. The videos
were more helpful...” (P9)
Participants also appreciated the use of multiple teaching methods, face-to-face sessions, online
videos, and printed leaflets, which they found beneficial, as this patient noted:
“...when you have memory problems, it's impossible. So having something written as
well as having the video, that's been the best thing.” (P3)
Psychological and emotional impact
Confidence and determination
Participants reported that their confidence and understanding in managing adrenal crises had
significantly improved overtime through reflection on past experiences, fostering greater
determination and self-efficacy in preventing future adrenal crises whenever possible, as this
participant highlighted:
“So, I know in the future, not to take any chances [during an adrenal crisis]”. (P11)
Impact of adrenal crisis-related hospitalisations
Past hospitalisation experiences related to adrenal crises influenced participants’ perspectives
and preferences for managing future episodes. Seven participants indicated that, if given a
choice, they would avoid attending Accident and Emergency Department during subsequent
adrenal crises. While the COVID-19 exacerbated fears and anxiety about hospital admission,
some participants also expressed general discomfort with the hospital environment:
“I've developed a fear of going to the hospital because since the pandemic, they won't let

anyone stay with you. And if I'm feeling that bad, I can't advocate for myself.”” (P4)
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Support and dependence on others
Reliance on others for management of adrenal crisis
Overall, participants found it challenging to self-administer hydrocortisone injections during
an adrenal crisis Those living with partners or family members reported they had to rely on
them to administer the injection, while participants who lived alone said them to wait for
paramedics or attend Accident and Emergency to receive hydrocortisone:
“...my husband had to give me my emergency injection, and that was the first time he's
had to do that. In previous occasions, the paramedics have given me it.” (P2)
Value of alternative support systems
Participants found various support systems valuable for managing adrenal crises, including
social media, YouTube videos, and resources from patient advocacy groups, with one
participant noting that:
“I have honestly learned more on there [Facebook group] than I've learned from any
medical professional.” (P7).
Participants also highlighted the need for other support systems, especially for those living
alone, which would help managing adrenal crises:
“I've got a dog, and she can sense when my cortisol level drops. She'll try and get me to

sit down, take extra tablets and she won't let me move until I get better again.” (P12)

Discussion

This study explored the multifaceted experiences of individuals managing adrenal crises,
highlighting the diverse clinical, interpersonal, and psychosocial factors that influence self-
management strategies for adrenal insufficiency. Findings suggest that a variety of factors, such
as knowledge and experience, emotional resilience, available tools, the complexity of the

hydrocortisone injection, and support systems including caregivers and the healthcare system,
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significantly shape patient perceptions and actions during adrenal crises. These insights affirm
the need for improvements in both patient education and healthcare support to enhance self-
management outcomes.

Knowledge and experience

Participants’ understanding of adrenal insufficiency and crisis varied widely often shaped by
individual journeys through diagnosis and self-management. These findings align with
previous research which reported a strong correlation between patients’ educational
background and level of their understanding of self-management (34). Some participants,
particularly those with acromegaly and Cushing’s syndrome, reported that their delayed
diagnosis affected their understanding of the need for glucocorticoid replacement therapy and
preventive strategies for adrenal crisis. Our findings support the importance of lived experience
in building knowledge and self-management skills, supported by earlier research, describing
this experience as a “fransitional journey” of learning and psychological adaptation through a
process of “reeling”, “dealing” and “healing” (35).

All participants in this study had experienced at least one adrenal crisis episode. Precipitating
factors and symptoms varied, with gastrointestinal infections, vommitting and diarhoea being
the most commonly reported, aligning with earlier research reporting this in over half of
individuals experiencing an adrenal crisis (8, 18, 19, 24-26, 36). Some participants reported
non-specific triggers, and others misinterpreted the terms “sick day rules” thinking this
applied only to physical illness, which led to uncertainty about glucocorticoid dose
adjustments during situations such as psychological stress or other non-illness triggers. The
lack of a clear definition of adrenal crisis may have contributed to participants’ difficulty in
recognizing the onset of a crisis, highlighting the need for a standardized definition and
improved patient education to enhance symptom recognition and ensure appropriate

management (1, 5, 19, 30).
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Several participants in our study suggested changing “sick day rules” to “stress dosing” as this
would improve patients’ understanding of precipitating factors. Indeed, recent publications are
now using “stress dosing” as the terminology to describe glucocorticoid adjustment for
increased stress situations (10). Emotional stress is recognised as a significant precipitating
factor to adrenal crisis, with 23% of 541 adult patients with primary adrenal insufficiency in a
U.S. study reporting this as a trigger (36). Recent guidelines from the UK recommend stress
dosing with a double or triple dose of oral hydrocortisone for 1-2 days for psychological stress
(15).

Tools and training

Most participants reported difficulties with the hydrocortisone injection due to the complexity
of the device, a challenge exacerbated by the physical and cognitive impairment during an
adrenal crisis, leading to inability to self-administer the hydrocortisone injection. In a recent
study involving 688 patients with adrenal insufficiency and caregivers, over 80% identified the
complexity of the injection process as the primary barrier to effective self-management (19),
consistent with findings by Burger-Stritt et al. (27). Additionally, 38% reported difficulties
accessing the correct hydrocortisone formulation or necessary equipment, such as needles and
syringes, which in some cases prevented timely injection due to missing items or delays in
obtaining prescriptions (19). Previous studies also reported low success rates of self- or
caregiver-administered injections ranging between 12% and 24% among patients with adrenal
insufficiency (10, 19, 21, 24), and 41% in a more recent study (18), despite the fact that most
patients possess an emergency hydrocortisone kit and have been trained to use it (19, 22, 27,
37, 38).

Our study found that, while face-to-face patient education was helpful for most participants,
many still felt confused and did not retain a lot of the information post-session, especially those

with memory impairment. Participants valued supplemental resources, such as online videos
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and written leaflets, to reinforce learning. An earlier study showed that only 40% of patients
retain all the information delivered during consultations (39), while a more recent study found
that significantly fewer patients felt confident in managing adrenal crisis 6—9 months post-
education programme compared to immediately after (p < 0.001), indicating a decline in
competence and self-assurance over time due (38). This study highlights the importance of
adequate knowledge for early symptom recognition of an impending adrenal crisis and a
simplified hydrocortisone injection device as crucial factors in supporting patient self-
management to prevent adrenal crises. While simplifying the injection device may be
challenging to achieve in the short term, annual participation in patient education programmes
has been widely recommended for individuals with adrenal insufficiency and their families and
caregivers (3-5, 7, 15).

Many participants in our study encountered delays in the parenteral administration of
hydrocortisone when presenting in the emergency setting, despite alerting healthcare staff of
their adrenal crisis. Some waited an average 90 minutes, significantly exceeding the
recommended 30-minute window for hydrocortisone administration at crisis onset (16).
Previous studies indicate that many non-endocrine clinicians lack sufficient knowledge for
managing adrenal crises (40-43), emphasising the need for training on endocrine emergencies
to be an integral part of continuous professional development. Strategies such as wider
implementation of standardised national and European emergency steroid cards (6, 15, 44) and
alert systems in electronic medical records and ambulance protocols (4, 45, 46), can improve
early identification and urgent triaging of patients presenting with an adrenal crisis.
Psychological and emotional impact

Previous adrenal crisis enabled participants to understand their own symptomatology, leading
to a prompter action on self-management. In addition, the distress experienced during prior

adrenal crises-related hospitalisations, prompted many participants to become more proactive
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in timely self-injection or seeking help to prevent further impending adrenal crises from
escalating into full crises. Furthermore, participants’ lived experiences helped them to develop
coping strategies to self-manage adrenal crises overtime. other preventative: this also included
other preventative strategies such as carry an emergency injection kit and steroid card, wear a
medic alert bracelet, and have extra supply of glucocorticoid tablets. Similar coping and
adaptation to living with their condition strategies were reported by patients with primary
adrenal insufficiency in an earlier study (35).

Many participants, however, reported intense anxiety when faced with the prospect of self-
administering a hydrocortisone injection during an adrenal crisis, even if they had prior
training. This was associated with the severely compromised health state during a crisis
compounded by the complexity of the injection process, as supported by previous studies (18,
19, 27, 36). Self-confidence may also be hindered by perceived low necessity and concerns
about glucocorticoid adverse effects (47, 48), contributing to reluctance in stress dosing or
injecting hydrocortisone promptly before the severe symptoms of an adrenal crisis make self-
injection impossible.

Support and dependence on others

This study highlighted that the available tools and strategies to support self-management are
inadequate and many individuals living with adrenal insufficiency rely on family members,
friends and caregivers to administer hydrocortisone injections or advocate for them during an
adrenal crisis. These findings align with previous qualitative research (19, 35). Many parents
and caregivers often feel compelled to stay close to their children with adrenal insufficiency,
adding logistical, financial, and emotional strain to the whole family (19). With around 25% of
adrenal crises occurring outside the home or hospital (21), providing caregivers and friends
with education and promoting public awareness on the management of adrenal crisis is crucial

in enhancing timely access to life-saving hydrocortisone injections. Our participants reported
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that Patient Advocacy Groups (PAGs) and social media groups were invaluable for learning
from others’ experiences and identifying effective strategies for managing adrenal crises. Many
valued the resources offered by PAGs, particularly educational resources, peer support and
endocrine nurse helpline. A survey of patients with rare endocrine conditions found that 79%
relied primarily on PAG resources to enhance their understanding and self-management of their

condition (49).

Strengths and limitations

The qualitative nature of this study allowed for an in-depth analysis of the factors that influence
the timely administration of parenteral hydrocortisone to manage adrenal crisis. As this was a
qualitative study, findings are not intented to be generalised but may be transferable to similar
patient populations or healthcare contexts, and may inform future quantitative studies designed
to test and validate these insights in broader populations. However, limitations are
acknowledged regarding bias in recruitment with a convenience sampling approach via patient
advocacy groups and the diversity of the study population, as all participants were White
European females diagnosed with secondary or glucocorticoid induced adrenal insufficiency.
In addition, recruiting participants through patient advocacy groups may have introduced
selection bias, as these individuals were likely to be more knowledgeable about their condition
and proactive in self-management and adrenal crisis prevention. However, as our findings and
previous research suggest, the management of adrenal crises still varies considerably among
patients, even when standardised education has been provided, and is often influenced by
factors beyond the patient's control, such as the complexity of the injection process (27). The
study was limited to participants who had previously experienced adrenal crises; while this
focus was essential to explore specific challenges, including participants without a prior crisis

could have provided insights into preventive strategies they may have adopted to avoid adrenal
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crises. The absence of a standardised definition of adrenal crisis, led us to adopt a pragmatic
approach leaving it open to participant interpretation. Additionally, the use of virtual interviews

required participants to have digital access, which may have excluded some patients.

Conclusions and implications for practice and research

This study contributes to an in-depth understanding of the lived experiences of people with
adrenal insufficiency and the key factors for effectively managing adrenal crises. It highlights
the need for a holistic approach involving knowledgeable healthcare professionals,
comprehensive patient education, and the timely administration of parenteral hydrocortisone
in home or community settings.

To improve adrenal crisis management, simpler, more intuitive injection devices, similar to
autoinjectors used for anaphylaxis, (50), are essential to reduce cognitive and physical demands
on patients when self-injecting. However, as this study demonstrated, a simplified
hydrocortisone device alone will not fully address these challenges and requires a
comprehensive approach involving patients, their families and caregivers, patient advocacy
groups, and healthcare professionals. Wider implementation of standardised, yet
individualised, patient education programmes and self-management strategies, is crucial to
support crisis prevention, symptom recognition, and hydrocortisone administration. These
programmes should be grounded in evidence-based practice and behaviour change models,
delivered by trained professionals, and supported by accessible tools and resources (4, 28, 38,
51). Further research is needed to evaluate the impact of tailored patient education programmes
and self-management interventions.

Incorporating adrenal crisis management into clinical education and professional development
can help reduce treatment delays and improve care delivery. This should be supported by

infrastructure that facilitates prompt recognition of adrenal crisis and response, such as patient
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alerts in medical records and clear triage protocols for acute care services. Patient advocacy
groups play a vital role in delivering effective patient education, supporting self-management,
and advancing public and policy awareness of adrenal crisis in partnership with healthcare
providers, media, community leaders, and political stakeholders. Improving awareness among
the public and non-medical personnel could also enhance emergency responses, particularly in
schools and community settings. Policy changes to authorise trained individuals to administer
injections, alongside the development of simplified injection devices and efforts to reduce
barriers to hydrocortisone access, can help reduce preventable hospitalisations and fatalities

related to adrenal crisis.
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Figure legends

Figure 1. Domains and themes describing patient’s experience of adrenal crisis (AC)

Downloaded from Bioscientifica.com A,Q 28/2025 10:16:09AM
IVC

Copyrlght © 2023 the authors via Open Access. This work is licensed under a Creati€t’ o‘ml;n\ Attribution

4.0 Inte

http://creativecommons.org/licenses/by/4.0/deed.en_GB

itional License



http://creativecommons.org/licenses/by/4.0/deed.en_GB

Page 29 of 33

Accepted Manuscript published as EC-24-0651.R1. Accepted for publication: 11-Apr-2025

References (linked to EndNote Library)

1. Rushworth RL, Torpy DJ, Falhammar H. Adrenal Crisis. New England Journal of Medicine.
2019;381(9):852-61.

2. Husebye ES, Pearce SH, Krone NP, Kampe O. Adrenal insufficiency. Lancet (London, England).
2021;397(10274):613-29.

3. Allolio B. Extensive expertise in endocrinology. Adrenal crisis. European journal of endocrinology /
European Federation of Endocrine Societies. 2015;172(3):R115-24.

4, Kienitz T, Bechmann N, Deutschbein T, Hahner S, Honegger J, Kroiss M, et al. Adrenal Crisis -

Definition, Prevention and Treatment: Results from a Delphi Survey. Hormone and metabolic research =
Hormon- und Stoffwechselforschung = Hormones et metabolisme. 2024;56(1):10-5.

5. Claessen K, Andela CD, Biermasz NR, Pereira AM. Clinical Unmet Needs in the Treatment of Adrenal
Crisis: Importance of the Patient's Perspective. Front Endocrinol (Lausanne). 2021;12:701365.

6. Nowotny H, Ahmed SF, Bensing S, Beun JG, Brosamle M, Chifu I, et al. Therapy options for adrenal
insufficiency and recommendations for the management of adrenal crisis. Endocrine. 2021;71(3):586-94.

7. Bornstein SR, Allolio B, Arlt W, Barthel A, Don-Wauchope A, Hammer GD, et al. Diagnosis and

Treatment of Primary Adrenal Insufficiency: An Endocrine Society Clinical Practice Guideline. J Clin Endocrinol
Metab. 2016;101(2):364-89.

8. Hahner S, Loeffler M, Bleicken B, Drechsler C, Milovanovic D, Fassnacht M, et al. Epidemiology of
adrenal crisis in chronic adrenal insufficiency: the need for new prevention strategies. European journal of
endocrinology / European Federation of Endocrine Societies. 2010;162(3):597-602.

9. Hahner S, Spinnler C, Fassnacht M, Burger-Stritt S, Lang K, Milovanovic D, et al. High incidence of
adrenal crisis in educated patients with chronic adrenal insufficiency: a prospective study. J Clin Endocrinol
Metab. 2015;100(2):407-16.

10. Tschaidse L, Wimmer S, Nowotny HF, Auer MK, Lottspeich C, Dubinski I, et al. Frequency of stress
dosing and adrenal crisis in paediatric and adult patients with congenital adrenal hyperplasia: a prospective
study. European journal of endocrinology / European Federation of Endocrine Societies. 2024;190(4):275-83.
11. Li D, Genere N, Behnken E, Xhikola M, Abbondanza T, Vaidya A, et al. Determinants of Self-reported
Health Outcomes in Adrenal Insufficiency: A Multisite Survey Study. J Clin Endocrinol Metab.
2021;106(3):e1408-e19.

12. Meyer G, Badenhoop K, Linder R. Addison's disease with polyglandular autoimmunity carries a more
than 2-5-fold risk for adrenal crises: German Health insurance data 2010-2013. Clinical endocrinology.
2016;85(3):347-53.

13. Smans LC, Van der Valk ES, Hermus AR, Zelissen PM. Incidence of adrenal crisis in patients with
adrenal insufficiency. Clinical endocrinology. 2016;84(1):17-22.
14. HSCIS. Hospital Episode Statistics, Admitted Patient Care - England, 2014-15 [NS]: Diagnosis. In: Centre

HSCI, editor. London, available on line via: http://www.hscic.gov.uk/ Health & Social Care Information Centre;
2015.

15. NICE. Adrenal insufficiency: identification and management London: National Institute for Health and
Care Ecxellence; 2024 [Available from: https://www.nice.org.uk/guidance/ng243.

16. Hahner S, Hemmelmann N, Quinkler M, Beuschlein F, Spinnler C, Allolio B. Timelines in the
management of adrenal crisis - targets, limits and reality. Clinical endocrinology. 2015;82(4):497-502.

17. Llahana S, Zopf K, Mitchelhill I, Grossman A. Prevention and Management of Adrenal Crisis in Children
and Adults. In: Llahana S, Follin C, Yedinak C, Grossman A, editors. Advanced Practice in Endocrinology Nursing.
Cham: Springer International Publishing; 2019. p. 1183-205.

18. Hover WJ, Krein AD, Kallet J, Kinney GL, Speiser PW, Witchel SF, et al. People with Adrenal
Insufficiency who are in Adrenal Crisis are Frequently Unable to Self-Administer Rescue Injections. Endocrine
Practice. 2025.

19. Llahana S, Anthony J, Sarafoglou K, Geffner M, Ross R. Patient and Caregiver Experiences with
Hydrocortisone Injections in Adrenal Crisis: A Mixed-methods Cross-sectional Study. Frontiers in Endocrinology
Volume 16, DOI: 103389/fendo20251544502 Accepted for publication on 27th March 2025 2025.

20. Puar TH, Stikkelbroeck NM, Smans LC, Zelissen PM, Hermus AR. Adrenal Crisis: Still a Deadly Event in
the 21st Century. The American journal of medicine. 2016;129(3):339.e1.
21. White KG. A retrospective analysis of adrenal crisis in steroid-dependent patients: causes, frequency

and outcomes. BMC endocrine disorders. 2019;19(1):129.

Downloaded from Bioscientifica.com at 9

Copyrlght © 2023 the authors 1a Open Access. This work is licensed under a Creati€e

lil.\‘: creativecommons.org/11censes;

0812025

1mons

10:16:09AM

\ttribution



http://www.hscic.gov.uk/
https://www.nice.org.uk/guidance/ng243
http://creativecommons.org/licenses/by/4.0/deed.en_GB

Accepted Manuscript published as EC-24-0651.R1. Accepted for publication: 11-Apr-2025 Page 30 of 33

22. Li D, Brand S, Hamidi O, Westfall AA, Suresh M, Else T, et al. Quality of Life and its Determinants in
Patients With Adrenal Insufficiency: A Survey Study at 3 Centers in the United States. J Clin Endocrinol Metab.
2022;107(7):e2851-e61.

23. Worth C, Vyas A, Banerjee |, Lin W, Jones J, Stokes H, et al. Acute lliness and Death in Children With
Adrenal Insufficiency. Front Endocrinol (Lausanne). 2021;12:757566.

24. White K, Arlt W. Adrenal crisis in treated Addison's disease: a predictable but under-managed event.
European journal of endocrinology / European Federation of Endocrine Societies. 2010;162(1):115-20.

25. Chrisp GL, Maguire AM, Quartararo M, Falhammar H, King BR, Munns CF, et al. Variations in the
management of acute illness in children with congenital adrenal hyperplasia: An audit of three paediatric
hospitals. Clinical endocrinology. 2018;89(5):577-85.

26. Rushworth RL, Gouvoussis N, Goubar T, Maguire A, Munns CF, Neville KA, et al. Acute illness in
children with secondary adrenal insufficiency. Clinical endocrinology. 2021;94(6):913-9.
27. Burger-Stritt S, Kardonski P, Pulzer A, Meyer G, Quinkler M, Hahner S. Management of adrenal

emergencies in educated patients with adrenal insufficiency-A prospective study. Clinical endocrinology.
2018;89(1):22-9.

28. Llahana S. The role of nurses in supporting self-management for patients with hypopituitarism. In:
Honegger J, Reincke M, Stephan P, editors. Pituitary Tumors: A Comprehensive and Interdisciplinary Approach:
Elsevier; 2021. p. 157-71.

29. Ahmet A, Gupta A, Malcolm J, Constantacos C. Approach to the Patient: Preventing Adrenal Crisis
Through Patient and Clinician Education. J Clin Endocrinol Metab. 2023;108(7):1797-805.
30. Llahana S, Mitchelhill I, Yeoh P, Quinkler M. Diagnosis and Management of Adrenal Insufficiency in

Children and Adults. In: Llahana S, Follin C, Yedinak C, Grossman A, editors. Advanced Practice in Endocrinology
Nursing. Cham: Springer International Publishing; 2019. p. 705-36.

31. Shannon P, Hambacher E. Authenticity in constructivist inquiry: Assessing an elusive construct. The
Qualitative Report. 2014;19(52):1 - 13.
32. Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-

item checklist for interviews and focus groups. International Journal for Quality in Health Care. 2007;19(6):349-
57.

33. Braun V, Clarke V. Using thematic analysis in psychology. Qualitative Research in Psychology.
2006;3(2):77-101.

34, van der Meij NTM, van Leeuwaarde RS, Vervoort SCIM, Zelissen PMJ. Self-management support in
patients with adrenal insufficiency. Clinical endocrinology. 2016;85(4):652-9.

35. 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.

36. Regan EA, Vaidya A, Margulies PL, Make BJ, Lowe KE, Crapo JD. Primary adrenal insufficiency in the
United States: diagnostic error and patient satisfaction with treatment. Diagnosis (Berlin, Germany).
2019;6(4):343-50.

37. Chifu I, Burger-Stritt S, Schrader A, Herterich S, Freytag J, Kurlbaum M, et al. Predisposing factors for
adrenal crisis in chronic adrenal insufficiency: a case-control study. European journal of endocrinology /
European Federation of Endocrine Societies. 2023;189(5):537-45.

38. Burger-Stritt S, Eff A, Quinkler M, Kienitz T, Stamm B, Willenberg HS, et al. Standardised patient
education in adrenal insufficiency: a prospective multi-centre evaluation. European journal of endocrinology /
European Federation of Endocrine Societies. 2020;183(2):119-27.

39. Harsch 1A, Schuller A, Hahn EG, Hensen J. Cortisone replacement therapy in endocrine disorders -
quality of self-care. Journal of evaluation in clinical practice. 2010;16(3):492-8.
40. Kampmeyer D, Lehnert H, Moenig H, Haas CS, Harbeck B. Experience pays off! Endocrine centres are

essential in the care of patients with adrenal insufficiency. European journal of internal medicine. 2016;35:e27-
e8.

41. Kampmeyer D, Lehnert H, Moenig H, Haas CS, Harbeck B. A strong need for improving the education
of physicians on glucocorticoid replacement treatment in adrenal insufficiency: An interdisciplinary and
multicentre evaluation. European journal of internal medicine. 2016;33:e13-e5.

42. Harbeck B, Brede S, Witt C, Stifke S, Lehnert H, Haas C. Glucocorticoid replacement therapy in adrenal
insufficiency--a challenge to physicians? Endocrine journal. 2015;62(5):463-8.
43. Gaw AG, Wemyss C, Bell A, Goodall CA. Management of patients at risk of adrenal crisis in the dental

setting: a review of current practice in UK dental teaching hospitals. Br Dent J. 2022.

28/2025 10:16:09AM

Downloaded from Bioscientifica.com at Q
Copyrlght © 2023 the authors 1a Open Access. This work is licensed under a Creative

http://creativecommons.org/licenses/by/4.0/deed.en_GB

imons Attribution



http://creativecommons.org/licenses/by/4.0/deed.en_GB

Page 31 of 33

Accepted Manuscript published as EC-24-0651.R1. Accepted for publication: 11-Apr-2025

44, Quinkler M, Dahlqvist P, Husebye ES, Kampe O. A European Emergency Card for adrenal insufficiency
can save lives. European journal of internal medicine. 2015;26(1):75-6.
45, Mitchell AL, Napier C, Asam M, Siddaramaiah N, Heed A, Morris M, et al. Saving lives of in-patients

with adrenal insufficiency: implementation of an alert scheme within the Newcastle-upon-Tyne Hospitals e-
Prescribing platform. Clinical endocrinology. 2014;81(6):937-8.

46. Mitchell AL, Devine K, Lal V, Galloway P, House M, White K, et al. Improving the prehospital safety of
steroid-dependent patients in northern England: A hospital-initiated ambulance service registration pathway.
Clinical endocrinology. 2017;87(6):881-2.

47. Tiemensma J, Andela CD, Pereira AM, Romijn JA, Biermasz NR, Kaptein AA. Patients with adrenal
insufficiency hate their medication: concerns and stronger beliefs about the necessity of hydrocortisone intake
are associated with more negative illness perceptions. The Journal of clinical endocrinology and metabolism.
2014;99(10):3668-76.

48. Chapman SC, Llahana S, Carroll P, Horne R. Glucocorticoid therapy for adrenal insufficiency:
nonadherence, concerns and dissatisfaction with information. Clinical endocrinology. 2016;84(5):664-71.
49, lotova V, Schalin-Jantti C, Bruegmann P, Broesamle M, De Graaf J, Bratina N, et al. Access to patient

oriented information—a baseline Endo-ERN survey among patients with rare endocrine disorders. Endocrine.
2021;71(3):542-8.

50. Vijayaraghavan R. Autoinjector device for rapid administration of drugs and antidotes in emergency
situations and in mass casualty management. J Int Med Res. 2020;48(5):300060520926019.
51. Llahana S, Mulligan K, Hirani SP, Wilson S, Baldeweg SE, Grossman A, et al. Using the behaviour

change wheel and person-based approach to develop a digital self-management intervention for patients with
adrenal insufficiency: the Support Al study protocol. Front Endocrinol (Lausanne). 2023;14:1207715.

Downloaded from Bioscientifica.com a é

Copyrlght © 2023 the authors ia Open Access. This work is licensed mek“m('\.\H.\I\v

1.0 Inte

m.\‘: creativecommons.org/11censes;

28/2025 10:16:09AM

mmons Attribution
national License

by/4.0/deed.en_GB



http://creativecommons.org/licenses/by/4.0/deed.en_GB

Accepted Manuscript published as EC-24-0651.R1. Accepted for publication: 11-Apr-2025

Title: Factors Influencing Self-Management of Adrenal Crises in Patients with Adrenal
Insufficiency: A Qualitative Study

Figure 1. Domains and themes describing patient’s experience of adrenal crisis (AC)
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Supplementary material: The interview guide

Prior to each interview participants were asked details such as demographics, treatment and
condition details, history of hospitalisations and adrenal crisis.

Q1. Could you tell us about your
recent experience with adrenal
crisis? How did you feel about it?

Prompts: What caused/precipitated the adrenal crisis?
Where did it happen (i.e., home or travelling)? Did
you manage to self-inject the hydrocortisone? Seek
for help? What worked and what could have been
done better, what barriers they faced, experience of
having to give a hydrocortisone injection, response
by acute services?

Q2. How do you find using the
emergency steroid injection device?

Prompts: How do you find the process of self-
injecting/administration from preparation to actual
self- administration during an adrenal crisis? What
worked and what could have been done better?

Q3. Can you tell us about the
training or teaching on sick day rules
and emergency hydrocortisone
injection techniques you received?

Prompts: What information resources, what
preferences, resources outside specialist services
such as GPs, patient charities/support groups,
internet. Any concerns or gaps in knowledge? Would
more education/support needed to manage future
adrenal crisis?

Q4. Tell me more, overall, what you
think would help to manage adrenal
crisis better?

Prompts: injection kit, medic alert/steroid card, what
is offered by the clinic, preferred hydrocortisone
injection device, calling 999/ambulance, reliance on
carers/family or friends. More concerns/gaps in
knowledge overall

QS. Is there anything else you would
like to add/talk about?
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