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Abstract
We provide guidance on prevention of adrenal crisis during the global COVID-19 crisis, a time with frequently restricted
access to the usual level of healthcare. Patients with adrenal insufficiency are at an increased risk of infection, which
may be complicated by developing an adrenal crisis; however, there is currently no evidence that adrenal insufficiency
patients are more likely to develop a severe course of disease. We highlight the need for education (sick day rules,
stringent social distancing rules), equipment (sufficient glucocorticoid supplies, steroid emergency self-injection
kit) and empowerment (steroid emergency card, COVID-19 guidelines) to prevent adrenal crises. In patients with
adrenal insufficiency developing an acute COVID-19 infection, which frequently presents with continuous high fever,
we suggest oral stress dose cover with 20 mg hydrocortisone every 6 h. We also comment on suggested dosing for
patients who usually take modified release hydrocortisone or prednisolone. In patients with adrenal insufficiency
showing clinical deterioration during an acute COVID-19 infection, we advise immediate (self-)injection of 100 mg
hydrocortisone intramuscularly, followed by continuous i.v. infusion of 200 mg hydrocortisone per 24 h, or until this
can be established, and administration of 50 mg hydrocortisone every 6 h. We also advise on doses for infants
and children.
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Introductory remarks
This guidance has been drawn up to inform clinicians
and healthcare staff in their quest to provide guidance
on the optimal management of patients with adrenal
insufficiency under the circumstances of an acute global
healthcare capacity crisis due to COVID-19, the viral
illness caused by the novel corona virus SARS-CoV-2.
For the purposes of this guidance, we define
primary adrenal insufficiency (PAI) as all patients with
loss of function of the adrenal itself, mostly either due
https://eje.bioscientifica.com
https://doi.org/10.1530/EJE-20-0361

© 2020 European Society of Endocrinology
Printed in Great Britain

to autoimmune adrenalitis, that is, Addison’s disease
described by the eponymous Thomas Addison, or
other causes including congenital adrenal hyperplasia,
bilateral adrenalectomy and adrenoleukodystrophy. The
overwhelming majority of PAI patients suffer from both
glucocorticoid and mineralocorticoid deficiency. Our
guidance similarly applies to patients with secondary
adrenal insufficiency (SAI) due to hypothalamic or
pituitary disease; these patients typically suffer from
Published by Bioscientifica Ltd.
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glucocorticoid deficiency, in the majority in combination
with deficiency of other hypothalamic-pituitary axes.
Similarly, the same precautionary rules apply to patients
with tertiary adrenal insufficiency due to chronic
exogenous glucocorticoid therapy for treatment of
other conditions. Patients at risk of tertiary adrenal
insufficiency are those treated with prednisoloneequivalent doses of greater than 5 mg daily for longer
than 4 weeks.
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Are patients with adrenal insufficiency at
an increased risk of COVID-19?
Yes, patients with adrenal insufficiency are at increased
risk of COVID-19; they are at an increased risk of
catching this infection and they have a higher risk of
complications due to the potential for an adrenal crisis
to be triggered by the infection. There is currently no
evidence, however, suggestive of a higher likelihood of a
severe course of disease in patients with AI falling ill with
COVID-19.

•• Risk of adrenal crisis during acute illness: Patients with
adrenal insufficiency are at risk to develop a potentially
life-threatening adrenal crisis if experiencing
major stress, such as an acute illness. This requires
administration of increased doses of glucocorticoid
replacement to prevent and, if already in progress, treat
the adrenal crisis (1, 2, 3). Adrenal crises are regularly
observed in patients with PAI and SAI (4, 5, 6, 7) and
contribute to the observed increased mortality in these
patients.
•• Increased risk of infections in adrenal insufficiency:
Patients with PAI including Addison’s disease and
congenital adrenal hyperplasia have been shown to
be at an increased risk of infections (8, 9, 10); this
has also been shown for patients with SAI due to
hypothalamic-pituitary disease (11). Furthermore,
respiratory infections have been shown to contribute
to the increased mortality observed in patients with
PAI (12, 13). In addition, patients with PAI have been
shown to have significantly decreased natural killer
cell cytotoxicity (14), an important function of the
innate immune system in fighting viral infections.
Therefore, patients with PAI can be assumed to be at
an increased risk of infection with COVID-19. Patients
receiving supraphysiologic, immunosuppressive doses
of exogenous glucocorticoids for the treatment of
another condition are at even higher risk of infection.
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How should we manage patients with an
established diagnosis of
adrenal insufficiency?
A. Prevention mode
All patients with established adrenal insufficiency should
be provided with adequate self-management support to
enable them to manage their conditions adequately and
safely. Self-management support can be facilitated and
communicated by mailshot, video, text, email phone call
or videoconferencing, as appropriate. This should follow
the 3E framework for self-management support (Educate,
Equip and Empower).
Educate

•• Ensure that all patients (and their families/partners/
carers) are educated in the use of ‘the sick day rules’,
that is, the need to increase their usual glucocorticoid
replacement dose during intercurrent illness and the
need to self-inject hydrocortisone and call for emergency
medical assistance when the oral medication cannot
be reliably absorbed due to vomiting or diarrhoea
and/or the presence of severe and major illness or
trauma. General sick day rules for patients with
adrenal insufficiency are described in detail in recently
published clinical guidelines (15, 16, 17); see also https://
endo-ern.eu/wp-content/uploads/2019/03/20190312Stressinstructie-addisoncrisis-hydrocortison-ENGEndo-ERN-approved.pdf. However, for the purposes
of this guidance, we have revised the generic sick day
rules, having in mind patients with an acute COVID19 infection, which frequently presents with high
fever over sustained periods of time (see Table 1 and
section B).
•• Patients with adrenal insufficiency are at increased
risk of COVID-19, albeit not as high as in patients
undergoing cancer treatment or taking high doses of
potent immunosuppressive drugs. All patients with
adrenal insufficiency should ‘observe stringent social
distancing’. If they are working, they should either
work from home or work under conditions that allow
very stringent social distancing at all times. This means
that adrenal insufficiency patients should not work in
situations that do now allow them to keep their safe
distance, as is the case, for example, for healthcare
workers, carers and supermarket cashier staff. It will be
important to provide patients with letters stating this
fact to ensure their employers are informed and can
adjust working conditions as appropriate.
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Suggested management and hydrocortisone stress dose cover in patients with adrenal insufficiency and suspected or

confirmed COVID-19 infection.
Clinical scenario

Suggested management

European Journal of Endocrinology

At home
Onset of ‘signs and symptoms suggestive of COVID-19’ (fever
>38°C (>100 F), a new or continuous dry cough, sore throat,
loss of sense of smell or taste, aches and pains, fatigue)

•• Adults and adolescents should take 20 mg hydrocortisone
orally every 6 h (in children, their usual daily dose should be
trebled (i.e. 3-fold increase) and administered in four equal
doses every 6 h)
•• Patients on modified release hydrocortisone should switch
to immediate release hydrocortisone and take 20 mg orally
every 6 h
•• Patients on 5–15 mg prednisolone daily should take 10 mg
prednisolone every 12 h; patients on oral prednisolone >15
mg should continue their usual dose but take it split into two
equal doses of at least 10 mg each
•• If on fludrocortisone, continue at usual dose
•• Take paracetamol 1000 mg every 6 h for fever (adjust dose
appropriately for infants and children)
•• Rest, drink regularly and monitor how concentrated (dark)
urine looks is to guide further fluid intake
•• Request medical advice on the suspected COVID-19 infection
Onset of signs and symptoms of ‘clinical deterioration’
•• Immediately inject (patient or carer) 100 mg hydrocortisone
(dizziness; intense thirst; shaking uncontrollably; drowsiness,
per i.m. injection in adults and adolescents (25 mg in infants,
confusion, lethargy; vomiting; severe diarrhoea; increasing
50 mg in school children)
shortness of breath, respiratory rate >24/min, difficulty
•• Call for emergency medical attention for treatment and
speaking
transfer to hospital, consider making their own way to
hospital
•• If patients cannot be taken or kept in hospital, then they
should take 50 mg hydrocortisone every 6 h orally at home;
if possible, they should receive i.v. hydrocortisone and an
isotonic saline infusion in the admissions unit
At hospital
On regular ward or intensive care ward, irrespective of
•• Hydrocortisone 100 mg per iv injection in adults and
whether breathing unaided or supported by continuous
adolescents, followed by continuous iv infusion of 200 mg
positive airway pressure (CPAP) respiration or mechanically
hydrocortisone/24 h (alternatively 50 mg every 6 h per i.v. or
ventilated
i.m. bolus injection)
•• Infants and children should receive an initial parenteral
injection of 50 mg hydrocortisone/m2 (usually 25 mg in
infants and 50 mg in children) followed by 50 mg/24 h in
infants and 100 mg/24 h in children
•• Pause fludrocortisone in adults
•• Continuous i.v. fluid resuscitation with isotonic saline;
regularly check urea and electrolytes
Recovery; improving respiratory function, reducing or normal • Gradual tapering of stress dose hydrocortisone down to
temperature
double regular replacement dose at time of discharge
(endocrinologist to advise)
•• Re-start usual fludrocortisone dose in adults when total daily
hydrocortisone dose <50 mg

Equip

• Ensure that the patient has ‘sufficient supplies of oral
glucocorticoid preparations’ (usually hydrocortisone,
but also cortisone acetate, prednisolone or
prednisone). Ensure that patients who usually
take modified release hydrocortisone preparations
have a sufficient supply of immediate release,
regular oral hydrocortisone for emergency use, for
example, by prescribing an extra 4-week supply of

hydrocortisone 10 mg three times daily. In patients
with PAI including congenital adrenal hyperplasia
also ensure sufficient mineralocorticoid supplies
(fludrocortisone). Consider issuing prescriptions of
3-month hydrocortisone supplies every 2 months and
arrange for them to be dispensed by mail; this will
ensure that the patient has access to sufficient extra
glucocorticoid doses in case of intercurrent illness.
Patients should understand that they must continue
taking their glucocorticoid replacement under all
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circumstances and that there is no need to increase
the dose unless they fall ill.
•• Ensure that the patient is in possession of an ‘up-todate hydrocortisone emergency self-injection kit’
and that the patient and a relative/partner/friend
is confident in self-administration of the injection.
Consider refreshing knowledge by talking through
the procedure over the phone and providing links to
training videos (https://www.addisonsdisease.org.uk/
the-emergency-injection-for-the-treatment-of-adrenalcrisis and https://www.adrenals.eu/animations/how).

Empower

European Journal of Endocrinology

•• Ensure that all patients are in possession of a ‘steroid
emergency card’ or equivalent written instructions for
healthcare staff on how to treat the patient in a major
stress situation that prevents self-management. Figure
1 shows the recently issued UK version of the steroid
card, developed further from a version originally
proposed by a Swedish group (18) and further
developed by the European Society of Endocrinology
(https://adrenals.eu/emergency-card/). The UK version
is downloadable at https://www.endocrinology.org/
media/3563/new-nhs-emergency-steroid-card.pdf and
includes a QR code that guides healthcare staff to a
website with detailed instructions on how to manage
a patient suffering from adrenal crisis (https://www.
endocrinology.org/adrenal-crisis).
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B. Acute suspected or confirmed COVID19 infection

•• ‘If a patient with adrenal insufficiency develops signs
and symptoms suggestive of COVID-19’ (e.g. fever
>38°C (or >100 F), a new or continuous dry cough,
sore throat, loss of sense of smell or taste, aches
and pains, and/or severe fatigue), they should seek
like any other patient medical advice regarding the
management of their suspected or confirmed COVID19 infection, either over the internet (e.g. the UK
online coronavirus service https://111.nhs.uk/covid19/) or by a phone call to their general practitioner. As
recommended for all affected by COVID-19, patients
should rest and counteract the fever by taking 1000
mg doses of paracetamol every 6 h (with appropriate
dose adjustment in children). They should try to keep
well hydrated by drinking regularly, even during the
night, ideally noting the amount of fluid they drink.
They should monitor how much urine they pass; the
excretion of only little amounts of dark, concentrated
urine indicates insufficient hydration, which should
prompt further increased oral fluid intake.
Importantly, patients with adrenal insufficiency and
an acute suspected or confirmed COVID-19 infection
should also ‘immediately take a double hydrocortisone
morning dose and then increase their hydrocortisone
replacement to 20 mg four times daily’, that is, 20 mg
hydrocortisone every 6 h, for example, at 0600 h, 1200
h, 1800 h and 2400 h (Table 1). In children, their usual
daily dose should be trebled and administered orally

Figure 1
Steroid emergency card for patients with adrenal insufficiency issued by the UK National Health Service in March 2020
(downloadable at https://www.endocrinology.org/media/3563/new-nhs-emergency-steroid-card.pdf).
https://eje.bioscientifica.com
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in four equal doses every 6 h. Patients who normally
take modified release hydrocortisone preparations
should switch to taking 20 mg immediate release
hydrocortisone every 6 h. Patients on prednisolone
doses of 5–15 mg daily should immediately take
10 mg prednisolone every 12 h; patients on daily
prednisolone doses >15 mg should continue to take
their usual daily prednisolone dose but split it into a
morning and late afternoon dose of at least 10 mg each
time. Once the patient no longer has fever and starts
to show significant clinical improvement, the 6-h once
oral administration of 20 mg hydrocortisone can be
tapered back to double dose of the routine replacement
regimen and then normal routine doses once fully
recovered. Asymptomatic patients who tested COVID19 positive, for example, due to family screening, do
not need to increase their routine replacement dose.
While guidelines usually recommend doubling of
the regular glucocorticoid replacement dose during
intercurrent illness (15, 16, 17), the personal experience
of the authors is that an acute COVID-19 infection
is associated with significant and persistent acute
inflammation and often continuous high fever, which
in our view requires a more evenly spaced glucocorticoid
cover throughout day and night. We have based our
suggested doses on a three-compartment model of oral
hydrocortisone delivery (19) (Fig. 2), drawing from
experimental data from the Prevention of Adrenal
Crisis in Stress (PACS) study (20) and a previous study
on oral hydrocortisone pharmacokinetics (21). This
modelling indicates that the mere doubling of the
regular glucocorticoid dose could leave patients with
prolonged periods of glucocorticoid deficiency during
an acute and highly inflammatory infection such as
COVID-19 (Fig. 2).

•• Under no circumstances should patients hesitate to
contact medical emergency services, ‘if the clinical signs
and symptoms of COVID-19 significantly worsen’.
Patients (or their carers) should ‘contact medical
emergency services without delay and immediately
administer their hydrocortisone emergency injection
(100 mg i.m.)’. If for any reason they cannot administer
the injection, they should immediately take 50–100
mg hydrocortisone orally, if possible, while waiting
for medical emergency services to arrive. If need be,
patients and their carers should consider making
their own way to hospital and continue to take 50
mg hydrocortisone every 6 h. ‘Signs and symptoms
indicating clinical deterioration in patients affected by
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Figure 2
Prediction of 24-h oral hydrocortisone delivery dependent on
timing and dosing. Prediction based on parameter estimates
of circulating cortisol concentrations in a three-compartment
model after (A) doubling of immediate release hydrocortisone
doses administered at the usual times of two typical routine
hydrocortisone regimens (two and three daily doses,
respectively) and (B) oral administration of four equal doses in
evenly spaced, 6-h intervals. This illustrates that the 6-h once
administration ensures steady delivery of cortisol, while
increasing hydrocortisone at the usual administration times
results in a long stretch of time without appropriate
hydrocortisone cover. For details on the employed modelling
approach see (19); figure reproduced with permission.

COVID-19’, which typically occur 7–10 days after onset
of the first COVID-associated symptoms, include:
⚬⚬ feeling very dizzy on sitting or standing
⚬⚬ feeling very thirsty despite drinking regularly
⚬⚬ feeling very cold
⚬⚬ shaking uncontrollably
⚬⚬ becoming drowsy, confused or difficult to wake up
https://eje.bioscientifica.com
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⚬⚬ developing vomiting or severe diarrhoea
⚬⚬ increasing shortness of breath with fast breathing
(respiratory rate >24/min) or difficulty speaking
in complete sentences.

European Journal of Endocrinology

•• Following

emergency injection of 100 mg
hydrocortisone by self-injection or medical emergency
personnel, the patients should be maintained on
‘major stress dose hydrocortisone, that is, 200 mg over
24 h, preferably in the hospital setting administered
via continuous i.v. infusion’, which ensures that
intermittent troughs in cortisol levels are avoided
(Fig. 3) (20). Alternatively, 50 mg hydrocortisone
could be administered via i.v. or i.m. bolus injection
every 6 h. Patients should receive generous fluid
resuscitation with i.v. isotonic saline. Both continuous
administration of hydrocortisone in major stress dose
and fluid resuscitation are crucially important for
patients with adrenal insufficiency.
•• ‘Children’ are much less frequently severely affected
by COVID-19. However, in case of an acute COVID19 infection with clinical deterioration, children with
adrenal insufficiency should receive an immediate
parenteral injection of 50–100 mg/m2 hydrocortisone
(usually 25 mg for infants, 50 mg for school
children) (16). This should be followed by parenteral
administration of 50 mg/24 h for infants and 100 mg/24
h for school children, preferably by continuous i.v.
infusion, alternatively, split in four equal parenterally
administered doses every 6 h. Adolescents should be
treated with adult doses.
•• Patients with COVID-19 requiring mechanical
ventilation: Acute respiratory distress syndrome
(ARDS) is frequently observed in patients with COVID19 infection requiring treatment in an intensive care
unit (22, 23). It is a matter of debate (and subject of
the ongoing RECOVERY trial in the United Kingdom)
whether high dose glucocorticoid treatment is
an effective therapy for COVID-19 related ARDS.
However, patients with adrenal insufficiency receive
glucocorticoids not as a pharmacological treatment,
but as a life-saving replacement therapy in adequate
doses to cover major stress. Therefore, if adrenal
insufficiency patients develop COVID-19-related
ARDS, their glucocorticoid replacement should never
be interrupted, but continued at a major stress dose
(200 mg/24 h) until mechanical ventilation is no longer
required and significant clinical improvement has
occurred. Then, gradual tapering of the glucocorticoid
replacement dose in line with the observed further
clinical improvement can be undertaken (Table 1).

Figure 3
(Panels A, B, C and D) Serum total cortisol (nmol/L) in ten
otherwise healthy, unstressed adult patients with adrenal
insufficiency who paused their regular replacement and
underwent frequent serum sampling after administration of
200 mg hydrocortisone/24 h in four different administration
modes: 50 mg orally every 6 h (ORAL), 50 mg per i.m. bolus
injection every 6 h (IM), 50 mg per i.v. bolus injection (IVI) and
via continuous i.v. hydrocortisone infusion of 200 mg/24 h
(CIV). Data are presented as median (black line) and range
(shaded grey area). (Panels E and F) Linear pharmacokinetic
modelling, based on serum cortisol measurements by tandem
mass spectrometry after i.v. IVI and CIV hydrocortisone
administration, to predict expected serum cortisol
concentrations after 50 mg (E) and 100 mg (F) i.v. bolus
injection, each followed by CIV infusion of 200 mg
hydrocortisone/24 h. Figure modified after (20); reproduced
with permission.

•• Co-incident type 1 diabetes is found in around 10% of
patients with PAI (24, 25, 26). The clinical experience
is that diabetic patients affected by COVID-19
quickly struggle to maintain glycaemic control, with
significantly increased insulin requirements, and
are more prone to diabetic ketoacidosis. A recent
guidance on managing ‘type 1 and type 2 diabetes
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in COVID-19 patients’ (https://abcd.care/resource/
concise-advice-inpatient-diabetes-during-covid19front-door-guidance), advises stopping Dipeptidyl
peptidase-4 (DPP4) inhibitors in patients with type
2 diabetes with an acute COVID-19 infection. DPP4
acts as a receptor for a subset set of corona viruses cell
entry, similar to ACE2 (27); however, just like for ACE
inhibitors, there is currently insufficient scientific
evidence to judge whether use of DPP4 inhibitors
impacts adversely on type 2 diabetes patients with
COVID-19 (28).

C. Regular monitoring of patients with adrenal
insufficiency during the COVID-19 crisis

European Journal of Endocrinology

•• We recommend that otherwise healthy patients
with established adrenal insufficiency on routine
steroid replacement should continue to be regularly
monitored during prolonged COVID-19 lock-down
periods, which may come with restricted access to
healthcare facilities. These patients would normally
undergo follow-up review in intervals of 6–12 months;
during the COVID-19 crisis, these reviews could be
undertaken by telephone or videoconferencing.
•• Patients on stable replacement usually undergo
annual checks of electrolytes and plasma renin to
ensure adequacy of mineralocorticoid replacement,
but during the COVID-19 crisis blood checks
should be reserved for patients with clinical signs
of hypotension, such as dizziness when standing
up. Blood pressure self-measurement, for example,
after sitting for at least 5 min and then again after
standing up for a minute, should be encouraged;
patients should also be taught how to take their heart
rate and be advised which readings should prompt to
contact their specialist care team for further advice
(such as resting heart rate >100/min and systolic
blood pressure <100 mmHg; otherwise healthy
and well patients to remeasure after 1 h before
contacting medical staff). Many healthcare centres
have established bloodletting centres in convenient
locations away from hospitals that can be used if a
blood test is considered urgent.
•• Routine glucocorticoid replacement therapy is
monitored based on the patient’s clinical performance
and ability to cope with daily stress and does not
require laboratory evaluation (29), thus history
taking and discussions can easily take place via
teleconferencing.

Adrenal insufficiency
management during COVID-19

183:1

G31

Disclaimer
Due to the emerging nature of the COVID-19 crisis, this
document is not based on extensive systematic review
or meta-analysis, but on rapid expert consensus. The
document should be considered as guidance only; it
is not intended to determine an absolute standard of
medical care. Healthcare staff need to consider individual
circumstances when devising the management plan for a
specific patient.

Declaration of interest
Wiebke Arlt is the Editor-in-Chief of the European Journal of Endocrinology.
W A was not involved in the review or editorial process for this paper, on
which she is listed as an author. The other authors have nothing disclose.

Funding
This guidance did not receive any specific grant from any funding agency in
the public, commercial or not-for-profit sector.

Acknowledgements
The authors thank Prof David J Smith, School of Mathematics, University of
Birmingham, UK, for rapid delivery of mathematical modelling, informing
our decisions on suggested oral glucocorticoid replacement doses in
patients with adrenal insufficiency and COVID-19. The authors are grateful
to Prof Richard J Ross, University of Sheffield, UK, Dr Niki Karavitaki and
Dr Alessandro Prete, University of Birmingham, UK, endocrine specialist
nurses Miriam Asia, Sherwin Criseno, Chona Feliciano and Lisa Shepherd,
University Hospitals Birmingham NHS Foundation Trust, Birmingham, UK,
and Vick Smith, Addison’s Disease Self-Help Group UK, for their informal
review and highly useful comments.

References
1 Allolio B. Extensive expertise in endocrinology: adrenal crisis.
European Journal of Endocrinology 2015 172 R115–R124. (https://doi.
org/10.1530/EJE-14-0824)
2 Arlt W & Society for Endocrinology Clinical Committee. Society
for Endocrinology Endocrine Emergency Guidance: emergency
management of acute adrenal insufficiency (adrenal crisis) in
adult patients. Endocrine Connections 2016 5 G1–G3. (https://doi.
org/10.1530/EC-16-0054)
3 Wass JA & Arlt W. How to avoid precipitating an acute adrenal crisis.
BMJ 2012 345 e6333. (https://doi.org/10.1136/bmj.e6333)
4 Hahner S, Loeffler M, Bleicken B, Drechsler C, Milovanovic D,
Fassnacht M, Ventz M, Quinkler M & Allolio B. Epidemiology of
adrenal crisis in chronic adrenal insufficiency: the need for new
prevention strategies. European Journal of Endocrinology 2010 162
597–602. (https://doi.org/10.1530/EJE-09-0884)
5 White K & Arlt W. Adrenal crisis in treated Addison’s disease:
a predictable but under-managed event. European Journal of
Endocrinology 2010 162 115–120. (https://doi.org/10.1530/EJE-090559)
6 Reisch N, Willige M, Kohn D, Schwarz HP, Allolio B, Reincke M,
Quinkler M, Hahner S & Beuschlein F. Frequency and causes
of adrenal crises over lifetime in patients with 21-hydroxylase
deficiency. European Journal of Endocrinology 2012 167 35–42. (https://
doi.org/10.1530/EJE-12-0161)

https://eje.bioscientifica.com
Downloaded from Bioscientifica.com at 07/10/2020 06:07:31PM
via free access

European Journal of Endocrinology

Clinical Practice Guidance

W Arlt and others

7 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 100 407–416. (https://doi.
org/10.1210/jc.2014-3191)
8 Smans LC, Souverein PC, Leufkens HG, Hoepelman AI &
Zelissen PM. Increased use of antimicrobial agents and hospital
admission for infections in patients with primary adrenal
insufficiency: a cohort study. European Journal of Endocrinology 2013
168 609–614. (https://doi.org/10.1530/EJE-12-0879)
9 Björnsdottir S, Sundström A, Ludvigsson JF, Blomqvist P, Kämpe O
& Bensing S. Drug prescription patterns in patients with Addison’s
disease: a Swedish population-based cohort study. Journal of Clinical
Endocrinology and Metabolism 2013 98 2009–2018. (https://doi.
org/10.1210/jc.2012-3561)
10 Tresoldi AS, Sumilo D, Perrins M, Toulis KA, Prete A, Reddy N,
Wass JAH, Arlt W & Nirantharakumar K. Increased infection risk
in Addison’s disease and congenital adrenal hyperplasia. Journal of
Clinical Endocrinology and Metabolism 2020 105 dgz006. (https://doi.
org/10.1210/clinem/dgz006)
11 Stewart PM, Biller BM, 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 4843–4850. (https://doi.org/10.1210/
jc.2016-2221)
12 Bergthorsdottir R, Leonsson-Zachrisson M, Odén A & Johannsson G.
Premature mortality in patients with Addison’s disease: a populationbased study. Journal of Clinical Endocrinology and Metabolism 2006 91
4849–4853. (https://doi.org/10.1210/jc.2006-0076)
13 Chantzichristos D, Persson A, Eliasson B, Miftaraj M, Franzén S,
Bergthorsdottir R, Gudbjörnsdottir S, Svensson AM & Johannsson G.
Mortality in patients with diabetes mellitus and Addison’s disease: a
nationwide, matched, observational cohort study. European Journal of
Endocrinology 2017 176 31–39. (https://doi.org/10.1530/EJE-16-0657)
14 Bancos I, Hazeldine J, Chortis V, Hampson P, Taylor AE, Lord JM &
Arlt W. Primary adrenal insufficiency is associated with impaired
natural killer cell function: a potential link to increased mortality.
European Journal of Endocrinology 2017 176 471–480. (https://doi.
org/10.1530/EJE-16-0969)
15 Husebye ES, Allolio B, Arlt W, Badenhoop K, Bensing S, Betterle C,
Falorni A, Gan EH, Hulting AL, Kasperlik-Zaluska A et al. Consensus
statement on the diagnosis, treatment and follow-up of patients with
primary adrenal insufficiency. Journal of Internal Medicine 2014 275
104–115. (https://doi.org/10.1111/joim.12162)
16 Bornstein SR, Allolio B, Arlt W, Barthel A, Don-Wauchope A,
Hammer GD, Husebye 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 Metabolism 2016 101 364–389. (https://doi.
org/10.1210/jc.2015-1710)
17 Woodcock T, Barker P, Daniel S, Fletcher S, Wass JAH, Tomlinson JW,
Misra U, Dattani M, Arlt W & Vercueil A. Guidelines for the
management of glucocorticoids during the peri-operative period for
patients with adrenal insufficiency: guidelines from the Association
of Anaesthetists, the Royal College of Physicians and the Society

Adrenal insufficiency
management during COVID-19

18

19

20

21

22

23

24

25

26

27

28

29

183:1

G32

for Endocrinology UK. Anaesthesia 2020 75 654–663. (https://doi.
org/10.1111/anae.14963)
Dahlqvist P, Bensing S, Ekwall O, Wahlberg J, Bergthorsdottir R
& Hulting AL. A national medical emergency card for adrenal
insufficiency. A new warning card for better management and
patient safety. Lakartidningen 2011 108 2226–2227.
Smith DJ, Prete A, Taylor AE, Karavitaki N & Arlt W. Modelling
oral adrenal support. MedRXiv, April 2020. (https://doi.org/10.1101/
2020.05.29.20117051)
Prete A, Taylor AE, Bancos I, Smith DJ, Foster MA, Kohler S, FazalSanderson V, Komninos J, O'Neil DM, Vassiliadi DA et al. Prevention
of adrenal crisis: cortisol responses to major stress compared to stress
dose hydrocortisone delivery. Journal of Clinical Endocrinology and
Metabolism 2020 105 dgaa133. (https://doi.org/10.1210/clinem/
dgaa133)
Debono M, Ghobadi C, Rostami-Hodjegan A, Huatan H,
Campbell MJ, Newell-Price J, Darzy K, Merke DP, Arlt W & Ross RJ.
Modified-release hydrocortisone to provide circadian cortisol profiles.
Journal of Clinical Endocrinology and Metabolism 2009 94 1548–1554.
(https://doi.org/10.1210/jc.2008-2380)
Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan H,
Lei CL, Hui DSC et al. China Medical Treatment Expert Group for
Covid-19. Clincial characteristics of coronavirus disease 2019 in
China. New England Journal of Medicine 2020 382 1708-1720. (https://
doi.org/10.1056/NEJMoa2002032)
Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L, Castelli A,
Cereda D, Coluccello A, Foti G, Fumagalli R et al. COVID-19
Lombardy ICU Network. Baseline characteristics and outcomes of
1591 patients infected with SARS-CoV-2 admitted to ICUs of the
Lombardy region, Italy. JAMA 2020 323 1574–1581. (https://doi.
org/10.1001/jama.2020.5394)
Betterle C, Scarpa R, Garelli S, Morlin L, Lazzarotto F, Presotto F,
Coco G, Masiero S, Parolo A, Albergoni MP et al. Addison’s disease:
a survey on 633 patients in Padova. European Journal of Endocrinology
2013 169 773–784. (https://doi.org/10.1530/EJE-13-0528)
Dalin F, Nordling Eriksson G, Dahlqvist P, Hallgren Å, Wahlberg J,
Ekwall O, Söderberg S, Rönnelid J, Olcén P, Winqvist O et al.
Clinical and immunological chracteristics of autoimmune Addison
disease: a nationwide Swedish multicenter study. Journal of Clinical
Endocrinology and Metabolism 2017 102 379–389. (https://doi.
org/10.1210/jc.2016-2522)
Chantzichristos D, Eliasson B & Johannsson G. Management of
endocrine disease: disease burden and treatment challenges in
patients with both Addison’s disease and type 1 diabetes mellitus.
European Journal of Endocrinology 2020 183 R1–R11. (https://doi.
org/10.1530/EJE-20-0052)
Vaduganathan M, Vardeny O, Michel T, McMurray JJV, Pfeffer MA
& Solomon SD. Renin-angiotensin-aldosterone system inhibitors in
patients with Covid-19. New England Journal of Medicine 2020 382
1653–1659. (https://doi.org/10.1056/NEJMsr2005760)
Drucker DJ. Coronavirus infections and type 2 diabetes-shared
pathways with therapeutic implications. Endocrine Reviews 2020 41
bnaa011. (https://doi.org/10.1210/endrev/bnaa011)
Bancos I, Hahner S, Tomlinson J & Arlt W. Diagnosis and
management of adrenal insufficiency. Lancet: Diabetes and
Endocrinology 2015 3 216–226. (https://doi.org/10.1016/S22138587(14)70142-1)

Received 13 April 2020
Accepted 20 April 2020

https://eje.bioscientifica.com
Downloaded from Bioscientifica.com at 07/10/2020 06:07:31PM
via free access

