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Abstract

Glucocorticoids are widely prescribed as anti-inflammatory and immunosuppressive agents. This results in at least 1% of the population using
chronic glucocorticoid therapy, being at risk for glucocorticoid-induced adrenal insufficiency. This risk is dependent on the dose, duration and
potency of the glucocorticoid, route of administration, and individual susceptibility. Once glucocorticoid-induced adrenal insufficiency develops
or is suspected, it necessitates careful education and management of affected patients. Tapering glucocorticoids can be challenging when
symptoms of glucocorticoid withdrawal develop, which overlap with those of adrenal insufficiency. In general, tapering of glucocorticoids can
be more rapidly within a supraphysiological range, followed by a slower taper when on physiological glucocorticoid dosing. The degree and
persistence of HPA axis suppression after cessation of glucocorticoid therapy are dependent on overall exposure and recovery of adrenal
function varies greatly amongst individuals. This first European Society of Endocrinology/Endocrine Society joint clinical practice guideline
provides guidance on this clinically relevant condition to aid clinicians involved in the care of patients on chronic glucocorticoid therapy.
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guideline as “good clinical practice”. Recommendations that
were neither based on evidence or good clinical practice, are
not graded at all (also see “Methods” section).

1. General recommendations for glucocorticoid therapy of
non-endocrine conditions and recommendations regard-
ing patient education
R 1.1—We recommend that, in general, patients on, or

tapering off glucocorticoids for non-endocrine condi-
tions do not need to be evaluated by an endocrinology
specialist.

R 1.2—We recommend that clinicians who implement
treatment with glucocorticoids educate patients about
various endocrine aspects of glucocorticoid therapy.
(Good clinical practice)

R 1.3—We recommend that patients on glucocorticoid
therapy have access to current up-to-date and appro-
priate information about different endocrine aspects
of glucocorticoid therapy. (Good clinical practice)

2. Recommendations regarding taper of systemic gluco-
corticoid therapy for non-endocrine conditions,
diagnosis and approach to glucocorticoid-induced
adrenal insufficiency, and glucocorticoid withdrawal
syndrome
R 2.1—We suggest not to taper glucocorticoids in

patients on short-term glucocorticoid therapy of

<3-4 weeks, irrespective of the dose. In these cases,
glucocorticoids can be stopped without testing due
to low concern for HPA axis suppression. (@Booo)

R 2.2—Glucocorticoid taper for patients on long-term
glucocorticoid therapy should only be attempted if
the underlying disease for which glucocorticoids
were prescribed is controlled, and glucocorticoids are
no longer required. In these cases, glucocorticoids are
tapered until approaching the physiologic daily dose
equivalent is achieved (eg, 4-6 mg prednisone). (Good
clinical practice)

R 2.3—We recommend consideration of glucocorticoid
withdrawal syndrome that may occur during glu-
cocorticoid taper. When glucocorticoid withdrawal
syndrome is severe, glucocorticoid dose can be tem-
porarily increased to the most recent one that was tol-
erated, and the duration of glucocorticoid taper could
be increased. (Good clinical practice)

R 2.4—We recommend against routine testing for ad-
renal insufficiency in patients on supraphysiologic
doses of glucocorticoids, or if they are still in need of
glucocorticoid treatment for the underlying disease.
(Good clinical practice)

R 2.5—We suggest that patients taking long-acting
glucocorticoids (eg, dexamethasone or betametha-
sone) should be switched to shorter-acting gluco-
corticoids (eg, hydrocortisone or prednisone)
when long-acting glucocorticoids are no longer
needed. (@ooo)

R 2.6—We suggest that patients on a physiologic daily
dose equivalent, and aiming to discontinue gluco-
corticoid therapy, either:

1. continue to gradually taper the glucocorticoid dose,
while being monitored clinically for signs and symp-
toms of adrenal insufficiency, or

2. be tested with a morning serum cortisol. (Booo)

R 2.7—If confirmation of recovery of the HPA axis is de-
sired, we recommend morning serum cortisol as the
first test. The value of morning serum cortisol should
be considered as a continuum, with higher values
more indicative of HPA axis recovery. (@®ooo)

As a guide:

1. we suggest that the test indicates recovery of the
HPA axis if cortisol is >300 nmol/L or 10 ug/dL
and glucocorticoids can be stopped safely;

2. we suggest that if the result is between 150 nmol/L
or 5 ug/dL and 300 nmol/L or 10 ug/dL, the physio-
logic glucocorticoid dose should be continued, and
the morning cortisol repeated after an appropriate
time period (usually weeks to months);

3. we suggest that if the result is <150 nmol/L or § ug/dL,
the physiologic glucocorticoid dose should be contin-
ued, and the morning cortisol repeated after a few
months.

R 2.8—We suggest against routinely performing a dy-
namic test for diagnosing adrenal insufficiency in pa-
tients tapering or stopping glucocorticoid therapy.
(Booo)

R 2.9—We suggest awareness of possible glucocorticoid-
induced adrenal insufficiency in patients:

1. with current or recent use of non-oral glucocortic-
oid formulations presenting with signs and symp-
toms indicative of adrenal insufficiency, or

2. using multiple glucocorticoid formulations simul-
taneously, or

3. using high-dose inhaled or topical glucocorticoids, or

4. using inhaled or topical glucocorticoids for >1 year, or

5. who received intra-articular glucocorticoid injec-
tions in the previous 2 montbs, or

6. receiving concomitant treatment with strong cyto-
chrome P450 3A4 inhibitors.

R 2.10—We suggest that patients with current or previ-
ous glucocorticoid treatment presenting with signs
and symptoms of exogenous Cushing syndrome are
assumed to have glucocorticoid-induced adrenal in-
sufficiency. (Good clinical practice)

R 2.11—We suggest that patients aiming to discontinue
glucocorticoids, but without recovery of HPA axis in
one year while on physiologic daily dose equivalent,
should be evaluated by an endocrinology specialist.
We suggest that patients on glucocorticoids and his-
tory of adrenal crisis should also be evaluated by an
endocrinology specialist. (Good clinical practice)

R 2.12—We recommend against the use of fludrocorti-
sone in patients with glucocorticoid-induced adrenal
insufficiency.

3. Recommendations on diagnosis and therapy of adrenal

crisis in patients with glucocorticoid-induced adrenal
insufficiency
R 3.1—We recommend that patients with current or re-
cent glucocorticoid use who did not undergo biochem-
ical testing to rule out glucocorticoid-induced adrenal
insufficiency should receive stress dose coverage when
they are exposed to stress. (Good clinical practice)
R3.1A—Oral glucocorticoids should be used in case of
minor stress and when there are no signs of hemo-
dynamic instability or prolonged vomiting or
diarrhea.
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R3.1B—Parenteral glucocorticoids should be used in
case of moderate to major stress, procedures under
general or regional anesthesia, procedures requir-
ing prolonged avoidance or inability of oral intake,
or when there are signs of hemodynamic instability
or prolonged vomiting or diarrhea.

R 3.2—We suggest that in patients with current or recent
glucocorticoid use who did not undergo biochemical
testing to rule out glucocorticoid-induced adrenal in-
sufficiency and present with hemodynamic instability,
vomiting, or diarrhea, the diagnosis of adrenal crisis
should be considered irrespective of the glucocorticoid
type, mode of administration, and dose; patients with
suspected adrenal crisis should be treated with paren-
teral glucocorticoids and fluid resuscitation. (Good
clinical practice)

Introduction

Atleast 1% of the population use chronic glucocorticoid therapy
as anti-inflammatory and immunosuppressive agents (1-3).
Virtually every discipline of medicine applies glucocorticoids
via multiple modes of administration (including oral, inhaled,
intranasal, intra-articular, topical, and intravenous), and fre-
quently for prolonged duration. Suppression of the hypothalam-
ic-pituitary-adrenal (HPA) axis is an inevitable effect of chronic
exogenous glucocorticoid therapy and recovery of adrenal func-
tion varies greatly amongst individuals. Glucocorticoid-induced
adrenal insufficiency necessitates careful education and manage-
ment, and in the rare cases of adrenal crisis, prompt diagnosis and
therapy (4). Considering the widespread use of glucocorticoids
and the risk for glucocorticoid-induced adrenal insufficiency,
the present clinical practice guideline provides guidance on this
clinically relevant condition to aid the endocrinology specialists,
as well as general practitioners and other specialists involved in
the care of these patients.

Epidemiology of Glucocorticoid Therapy

Since their first description in the late 1940s (5), glucocorticoids
have remained cornerstone agents in treating a wide array of med-
ical conditions, ranging from autoimmune diseases, inflammatory
disorders and severe allergic reactions to the prevention of trans-
plant rejection and as antineoplastic agents for hematologic neo-
plasias. Earlier studies estimated that the prevalence of oral
glucocorticoid use was approximately 1% in the United
Kingdom and the United States adult populations (1-3). Based
on a population of more than 65 000 patients registered with gen-
eral practitioners in 19935 in the United Kingdom, continuous (> 3
months) oral glucocorticoids were prescribed for 0.5% of the total
population and 1.4% of patients age 55 years or older (6).
Additional data from the United Kingdom showed an increase
of long-term glucocorticoid prescriptions between 1989 and
2008 from 0.59% to 0.79% of adult patients (1). In a population-
based study from Denmark, the annual prevalence of systemic
glucocorticoid prescription in primary care was found to be 3%
with a remarkably high rate among the elderly of up to 10% dur-
ing 19992015 (7).

Adverse Effects of Long-term Glucocorticoid
Therapy

While glucocorticoids are highly effective agents in the treat-
ment of autoimmune and inflammatory disorders, they can

cause adverse reactions, particularly when administered at
high doses and/or for a prolonged period. However, even rela-
tively low dose (in the range of physiologic daily dose equiva-
lent), long-term glucocorticoid therapy is linked to a range of
adverse outcomes. For instance, a British cohort study involv-
ing 9387 patients with rheumatoid arthritis observed over a
median of 8 years (with an average prednisone dosage of
5.8 mg/day for approximately 9.5 months) exhibited elevated
rates of conditions such as diabetes, osteoporosis, fractures,
hypertension, thrombotic events, gastrointestinal complica-
tions, and increased mortality, compared to those not treated
with glucocorticoids (8). Of note, these observations may be
confounded by the underlying disease severity. Additional
studies have corroborated these findings, linking even low
dose glucocorticoid use (prednisone 2.5-7.5 mg/day) to in-
creased risks of cardiovascular disease (9), severe infections
(10), hypertension (11), diabetes (12), osteoporosis and frac-
tures (13, 14), and increased overall mortality with concurrent
type 2 diabetes mellitus (15). While the absolute risk eleva-
tions were relatively modest, the implications are significant
given the extensive patient population exposed to low dose
glucocorticoids (135).

Pathophysiology of Glucocorticoid-induced
Adrenal Insufficiency

Glucocorticoids suppress HPA axis activity by inhibiting the
production of corticotropin-releasing hormone (CRH) by the
hypothalamus and adrenocorticotropic hormone (ACTH) by
the pituitary. Inhibition of CRH and ACTH induced by exogen-
ous glucocorticoids is similar to the mechanisms involved in the
physiologic cortisol negative feedback (16). Prolonged duration
of supraphysiologic glucocorticoid therapy often leads to a re-
duction in the overall responsiveness of the anterior pituitary
gland. In rodent models, glucocorticoids exert pro-apoptotic ef-
fects on the pituitary gland (17) and promote protein degrad-
ation as represented by Crooke’s hyaline in corticotroph cells
(18). This ultimately results in atrophy of the adrenal cortex.
Conversely, following withdrawal of glucocorticoids, there is
resurgence of ACTH stimulation of the adrenal cortex. In
most instances, the adrenal cortex will recover and produce ad-
equate levels of cortisol. Despite these adaptive responses, the
time to full biochemical and clinical restitution of the HPA
axis is highly variable.

Any glucocorticoid dose above the physiologic daily dose
equivalent can potentially lead to suppression of the HPA
axis. The degree and persistence of HPA axis suppression
after cessation of glucocorticoid therapy are dependent
on overall exposure, which, amongst other factors, is
determined by potency of the glucocorticoid (Table 1),
glucocorticoid dose, length of therapy, and individual
susceptibility. Notably, any route of administration has
the potential of HPA axis suppression, including oral, topic-
al, inhaled, intra-nasal, intravenous and intra-articular
administration.

With regards to glucocorticoid therapy, immunosuppres-
sive and anti-inflammatory doses considerably exceed the
equivalent of endogenous cortisol production and, therefore,
invariably result in HPA axis suppression. While tapering glu-
cocorticoids within the supraphysiologic dose range, patients
can develop glucocorticoid withdrawal syndrome, which
manifests with clinical features similar to those of adrenal in-
sufficiency. However, symptoms due to adrenal insufficiency
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Table 1. Pharmacologic characteristics of commonly prescribed systemic glucocorticoids (19-23)

Glucocorticoids Approximate Glucocorticoid potency Plasma Biological Therapeutic indications
equivalent dose” (relative to hydrocortisone)” 4 half-life half-life (hours)”
(min)*
Short-acting glucocorticoids with lower potency
Hydrocortisone 20 mg 1.0 90-120 8-12 Adrenal insufficiency replacement
Cortisone acetate 25 mg 0.8 80-120 8-12 Adrenal insufficiency replacement
Deflazacort 7.5 mg 1.0 70-120 Not defined Duchenne muscular dystrophy
Intermediate-acting glucocorticoids with moderate potency
Prednisone 5 mg 4.0 60 12-36 Anti-inflammatory,
immunosuppressant;
Adrenal insufficiency replacement
Prednisolone 5 mg 4.0 115-200 12-36 Anti-inflammatory,
immunosuppressant;
Adrenal insufficiency replacement
Triamcinolone 4 mg 5.0 30 12-36 Anti-inflammatory,
immunosuppressant
Methylprednisolone 4 mg 5.0 180 12-36 Anti-inflammatory,
immunosuppressant
Long-acting glucocorticoids with highest potency
Dexamethasone 0.5 mg 30-60 200 36-72 Anti-inflammatory,
immunosuppressant;
Usually reserved for short-term use
in severe, acute conditions
Betamethasone 0.5 mg 25-40 300 36-72 Anti-inflammatory,

immunosuppressant;
Usually reserved for short-term use
in severe, acute conditions

“These are estimates based on historically accepted conversion factors and should be seen as a guide only. There can be considerable variation depending on factors such as

route of administration, the individual patient’s metabolism and susceptibility.

“Glucocorticoid potency equivalences apply to oral and/or intravenous administration. Mineralocorticoid effects are not considered.

‘Plasma half-life does not reflect the biological half-life.

are much more likely to develop when overall total daily
glucocorticoid dose is below physiologic levels, or levels re-
quired for an adequate stress response.

Epidemiology of Glucocorticoid-induced
Adrenal Insufficiency and Associated
Morbidity and Mortality

A meta-analysis of the risk of developing biochemical
glucocorticoid-induced adrenal insufficiency stratified by
glucocorticoid route of administration showed pooled percen-
tages of 4.2% (95% CI 0.5-28.9) for nasal administration,
48.7% (95% CI 36.9-60.6) for oral use, and 52.2% (95%
CI 40.5-63.6) for intra-articular administration (24). The
risk also varied when stratified for the underlying disease
and increased with higher dose (low dose 2.4% (95% CI
0.6-9.3) to high dose 21.5% (95% CI 12.0-35.5)) and longer
treatment duration (1.4% (95% CI 0.3-7.4) (<28 days) to
27.4% (95% CI 17.7-39.8) (>1 year)) in patients with asth-
ma. Since an estimated minimum of 1% of adult populations
(United States and United Kingdom) use oral glucocorticoids
at any given time (1-3), this would imply several million peo-
ple are at risk of developing glucocorticoid-induced adrenal
insufficiency in these countries alone.

It must be taken into consideration that in most of the studies
the diagnosis of glucocorticoid-induced adrenal insufficiency
was based on biochemical testing, whereas the clinical relevance

of this biochemical glucocorticoid-induced adrenal insufficiency
was not established. In the above-mentioned meta-analysis, ten
of the 74 included studies also assessed symptoms of adrenal in-
sufficiency (although not systematically scored) in a total of 521
patients (24). Of these 521 patients, 98 patients had biochemical
evidence of adrenal insufficiency. Ten of them (10%) reported
symptoms. However, 88 (90%) did not report any symptoms in-
dicating that clinical symptoms are not specific and do not correl-
ate well with biochemical findings.

A Danish self-controlled case series including 286 680 per-
sons who discontinued prolonged (>3 months) oral gluco-
corticoid treatment, assessed the presence of clinical
consequences of glucocorticoid-induced adrenal insufficiency
after glucocorticoid cessation (25). Comparing the discon-
tinuation period with the reference period (the period before
treatment started), increased incidence rate ratios of clinical
indicators of adrenal insufficiency were found: 2.5 (95% CI
1.4-4.3) for hypotension, 1.7 (95% CI 1.6-1.9) for gastro-
intestinal symptoms, 2.2 (95% CI 0.7-7.3) for hypoglycemia,
and 1.5 (95% CI 1.1-2.0) for hyponatremia.

Only a few studies report on the incidence of adrenal crisis
in patients with glucocorticoid-induced adrenal insufficiency.
In a United States survey reporting on self-perceived determi-
nants of health in patients with adrenal insufficiency, a median
of 0 (IQR 0-0.33) adrenal crises per person-year since diagno-
sis were reported in glucocorticoid-induced adrenal insuffi-
ciency, compared to 0.07 (IQR 0-0.25) in primary adrenal
insufficiency and 0 (IQR 0-0.14) in secondary adrenal
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insufficiency (26). A Dutch study found an incidence rate of
15.1(95% CI 11.0-19.9) per 100 person-years in 28 patients
with glucocorticoid-induced adrenal insufficiency, compared
t0 5.2 (95% CI 4.3-6.3) in 111 patients with primary adrenal
insufficiency and 3.6 (95% CI 3.1-4.1) in 319 patients with
secondary adrenal insufficiency (27). These outcomes must
be interpreted cautiously however because of the few subjects
with glucocorticoid-induced adrenal insufficiency and pos-
sible selection bias. In this study, the presence of comorbidities
(including neurologic, cardiac and malignant diseases) was the
most important risk factor for developing adrenal crisis. Of
note, in six patients with glucocorticoid-induced adrenal in-
sufficiency, adrenal crisis was precipitated by a reduction in
glucocorticoid dose. There were 20 deaths in the total cohort,
but none was reported as related to adrenal crisis.

In the European Adrenal Insufficiency Registry which in-
cluded 1233 patients with secondary adrenal insufficiency fol-
lowed for S years, 18 deaths were reported (28). The Registry
included various etiologies of adrenal insufficiency and the
percentage of patients with their condition attributed to ex-
ogenous glucocorticoids could not be ascertained [personal
communication with the author]. Only one of the 26 deaths
was clearly attributed to an adrenal crisis and this death oc-
curred in a patient with glucocorticoid-induced adrenal insuf-
ficiency [data retrieved after contacting the author| (28). A
retrospective cohort study from the United Kingdom includ-
ing 70 638 oral glucocorticoid users found a sharp increase
in the incidence of mortality during the first 2 months after
glucocorticoid cessation, which then rapidly decreased after
the first 3 months. Whilst only 13 subjects had their cause of
death recorded as adrenal insufficiency, the relationship
with glucocorticoid cessation raises the suspicion of possible
undiagnosed adrenal crises (29).

The use of supraphysiologic glucocorticoids (prednisone
equivalent dose > 5 mg daily) has been associated with a high-
er risk of all-cause mortality (adjusted hazard ratio of 1.97
(95% CI 1.81-2.15) in rheumatoid arthritis patients (30),
with increasing risk with higher current daily and cumulative
doses (29, 31). This association was not observed with daily
glucocorticoid doses below 5 mg prednisone equivalent (30,
32). Estimates from these studies have to be interpreted cau-
tiously because of potential underlying confounding factors
such as underlying disease and disease severity (30).

Definitions

We recognize that there is great inter-individual variation in
responses to glucocorticoids, likely affecting the risk for
glucocorticoid-induced adrenal insufficiency. Consequently,
glucocorticoid exposure should be considered as a multidi-
mensional risk factor, including dose and frequency, adminis-
tration mode, duration of therapy, potency of glucocorticoid,
and individual susceptibility. Glucocorticoid exposure via
oral administration that poses risk for adrenal insufficiency,
is expected to at least exceed both of the following thresholds:

e Duration of glucocorticoid therapy to pose risk for ad-
renal insufficiency—3-4 weeks, or greater

e Dose of glucocorticoid therapy to pose risk for adrenal in-
sufficiency—any dose greater than daily hydrocortisone
equivalent of 15-25 mg (4-6 mg prednisone or prednisolone,
3-5 mg methylprednisone, 0.25-0.5 mg dexamethasone)

The following defined terms will be used in the remainder of
these guidelines:

e Physiologic daily dose equivalent: Daily glucocorticoid
dose equivalent to average daily cortisol production
(15-25 mg hydrocortisone, 4-6 mg prednisone or prednis-
olone, 3-5 mg methylprednisone, 0.25-0.5 mg dexametha-
sone). Endogenous production of cortisol is estimated to be
9-10 mg/day. The above mentioned doses are based on an
estimate of bioavailability

o Supraphysiologic glucocorticoid therapy: Any dose great-
er than physiologic daily dose equivalent (see above)

o Short-term glucocorticoid therapy: Any glucocorticoid
therapy of less than 3-4 weeks duration

e Long-term glucocorticoid therapy: Glucocorticoid ther-
apy greater than 3-4 weeks duration with glucocorticoid
doses greater than physiologic daily dose equivalent
of hydrocortisone (15-25 mg hydrocortisone, 4-6 mg
prednisone or prednisolone, 3-5 mg methylprednisone,
0.25-0.5 mg dexamethasone)

e Glucocorticoid taper: Taper of glucocorticoid therapy
dose, initially guided by the management of the under-
lying disease (= therapeutic taper), and later by the
management of glucocorticoid withdrawal and adrenal
insufficiency (= endocrine taper)

o Glucocorticoid withdrawal syndrome: Symptoms experi-
enced when lowering glucocorticoid dose within the
supraphysiologic glucocorticoid dose range, that are not
due to the underlying disease for which the glucocorti-
coids were initially prescribed for and per definition not
due to untreated adrenal insufficiency, as the total gluco-
corticoid daily dose is still supraphysiologic

Glucocorticoid doses vary based on glucocorticoid agent and
are defined as physiologic within the lower and upper ranges
toillustrate the inter-individual differences. In the recommenda-
tions, prednisone and prednisolone are used interchangeably.

Methods
Guideline Working Group

This joint clinical guideline was initiated and developed on be-
half of The European Society of Endocrinology (ESE) and The
Endocrine Society (ES). The chairs of the working group, Felix
Beuschlein (ESE) and Tobias Else (ES), were appointed by the
ESE Clinical Committee and ES Clinical Guidelines
Subcommittee, respectively. Olaf Dekkers served as the meth-
odology lead, Christine Yedinak as Endocrine Nurses Society
Representative and Alessandro Prete as ESE Young
Endocrinologists and Scientists representative. The other
members were suggested by the chairs and approved by the
ESE Clinical Committee and ES Clinical Guidelines
Subcommittee, including Irina Bancos, Stefanie Hahner,
Oksana Hamidi, Eystein S. Husebye, Niki Karavitaki and
Anand Vaidya. Leonie van Hulsteijn joined the guideline
working group for methodology support. Prior to the process,
all participants completed conflict of interest forms
(Supplementary Table S1; see section on Supplementary
Material). The process was approved by the ESE Executive
Committee and ES Society Board of Directors.

There were several virtual working group meetings and one
in-person meeting, and the working group communicated by
email in between meetings.
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Target Groups

This guideline was developed for health care professionals
who see adult patients with long-term supraphysiologic gluco-
corticoid exposure and who seek guidance for glucocorticoid
taper and evaluation of these patients” adrenal function. The
guideline served as a source document for the preparation of a
patient information leaflet and educational material published
on the ESE and ES websites, to empower patients and gluco-
corticoid prescribing clinicians.

Aims

The overall purpose of this guideline is to provide clinicians with
practical guidance on the evaluation of adrenal function of adult
patients with long-term supraphysiologic glucocorticoid therapy
and for supplementation therapy in case of glucocorticoid-
induced adrenal insufficiency. In clinical practice, both the rec-
ommendations and the clinical judgment of treating physicians
should be taken into account. Recommendations are not meant
to replace clinical acumen and may need adaptation to local
circumstances.

Summary of Methods Used for Guideline
Development

The methods used for establishing the guideline have been de-
scribed in detail previously (33, 34). In short, Grading of
Recommendations, Assessment, Development, and Evaluation
(GRADE) was used as a methodological basis. The first step
was to define the clinical questions (see below) followed by sys-
tematic literature searches. We estimated an average effect for
specific outcomes where possible and rated the quality of the evi-
dence behind the recommendations as very low (®ooo), low
(®oo), moderate (HDDo), or strong (BDDD). Not all recom-
mendations were formally graded (see below).

Considered for the recommendations were the quality of
the evidence, the balance of desirable and undesirable out-
comes, and individual values and preferences (patient prefer-
ences, goals for health, costs, management inconvenience,
feasibility of implementation) (33, 35). The recommendations
are worded as “recommend” (strong recommendation) or
“suggest” (weak recommendation). The meaning of a strong
recommendation is that all reasonably informed persons
(clinicians, policy makers and patients) would want the man-
agement in accordance with the recommendation, while for a
weak recommendation, most persons would still act in ac-
cordance with the guideline, but a substantial number would
not (36). Formal evidence syntheses were performed and
graded only for recommendations addressing our initial clin-
ical questions (see “Clinical questions, eligibility criteria, and
definition of endpoints” section). Recommendations that
were based on good clinical practice and experience of the
working group members are not formally graded (37), but ac-
knowledged in the guideline as “good clinical practice”.
Recommendations that were neither based on evidence or
good clinical practice, are not graded at all. Consensus was
reached upon discussion; minority positions were considered
in the rationale behind recommendations.

Review Process

A draft of the guideline was reviewed by four experts in the field
(see “Acknowledgments” section) and was distributed to all
ESE and ES members for commenting. All comments and

suggestions were then discussed and implemented as thought
appropriate by the guideline working group (Supplementary
Table S9; see section on Supplementary Material).

Results of the Systematic Reviews

Clinical Questions, Eligibility Criteria, and Definition
of Endpoints

At the start of the guideline process, the working group formu-
lated clinical questions regarding evaluation of adrenal function
and treatment of patients after long-term supraphysiologic
glucocorticoid exposure. The clinical questions that formed
the basis for the systematic reviews are summarized in
Supplementary Table S2 (see section on Supplementary
Material).

Eligible articles were required to present data on adult pa-
tients (>18 years). Articles presenting data on glucocorticoid-
induced adrenal insufficiency based on biochemical testing
were included based on the use of the high-dose (250 ug) short
ACTH (1-24)-test (also referred by brand names as Synacthen
or cosyntropin test), since these tests are widely used in clinical
practice. During this test, 250 pg of synthetic ACTH (ACTH
(1-24), or another corticotropic agent), is administered intraven-
ously. To determine adrenal response to synthetic ACTH, serum
cortisol levels are measured 30 and 60 minutes after administra-
tion. In primary and secondary adrenal insufficiency, peak cor-
tisol levels < 500 nmol/L (< 18.1 pg/dL), depending on assay,
are indicative of adrenal insufficiency (38, 39). Since the popu-
lation under study was assessed for glucocorticoid insufficiency,
the definition of a positive test was based on cut-off values pro-
vided in the individual articles. For clinical question I (incidence
and predictors of recovery of HPA axis function in patients with
glucocorticoid-induced adrenal insufficiency), the number of
persons with recovery of HPA axis at re-testing (numerator)
and the total number of persons with glucocorticoid-induced
adrenal insufficiency tested at baseline (denominator) were
used to estimate the incidence of recovery.

We did not include case reports or case series, which are
more prone to selection and publication bias; only studies re-
porting a population of ten or more patients were eligible. In
case of multiple studies describing the same cohort, the study
comprising the highest number of subjects was included.
Eligible studies were restricted to languages familiar to the au-
thors (English, French, German, Dutch and Spanish). Authors
were contacted for clarification when reported data were not
sufficient for accurate data extraction.

Description of Search and Selection of Literature

PubMed, MEDLINE, Embase, Web of Science, and Cochrane
Library were searched with the help of a specialized librarian
to identify potentially relevant studies. The literature searches
for questions I-Ia, I and III were performed in January 2023,
February 2023 and March 2023, respectively. Searches can be
found in Supplementary Appendix S1 (see section on
Supplementary material).

All studies obtained from the searches were entered into ref-
erence manager software (EndNote X20, Clarivate Analytics,
Philadelphia, PA) and title and abstract were screened.
Potentially relevant studies were retrieved for detailed assess-
ment. References of included studies were assessed for add-
itional relevant articles.
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For question I and sub-question Ia (incidence and predictors
of recovery of HPA axis function in patients with
glucocorticoid-induced adrenal insufficiency), we used data
from the study by Broersen et al (24). In this systematic review
published in 2013, the risk of adrenal insufficiency following use
of various types of glucocorticoids for several underlying dis-
eases was reported. This systematic review included 17 publica-
tions in which patients had been retested for adrenal
insufficiency. Given this existing review, an original search as
described above was performed from February 2014 onwards,
identifying 373 additional papers. After detailed assessment,
three manuscripts were included reporting data on recovery of
the HPA axis.

For clinical question II (optimal tapering scheme in patients
no longer requiring chronic glucocorticoid treatment), 873
papers were identified, of which five were included. For clinic-
al question III (diagnostic accuracy of morning cortisol vs
250 pg ACTH(1-24)-test), three of the 843 identified papers
were included.

Summary and Interpretation of Evidence From
the Systematic Reviews

Clinical Question |: What Is the Incidence of
Recovery of HPA Axis Function in Patients With
Glucocorticoid-induced Adrenal Insufficiency?

Broersen et al performed a meta-analysis on eleven out of
seventeen studies re-testing patients for biochemical adrenal
insufficiency for which results could be categorized in short-
term (defined as less than 4 weeks) high-dose glucocorticoid
therapy re-testing after 4 weeks (six studies), and long-term
(>1 year) medium-dose glucocorticoid therapy re-testing after
6 months (five studies) (24). Included articles had to use a cut-
off value for serum cortisol of <500 nmol/L (18 ug/dL) or
higher (eg, <550 nmol/L or 19.8 ug/dL) or 11-deoxycortisol
of <200 nmol/L (7.2 pg/dL) after the metyrapone test to diag-
nose adrenal insufficiency. Pooled analysis of studies in the
first group (141 patients), demonstrated a decrease in adrenal
insufficiency from 38.7% after cessation of glucocorticoid
therapy to 14.9% after 4 weeks. Pooled analysis of studies
in the second group (174 patients) indicated a decrease in ad-
renal insufficiency from 56.4% at baseline to 25.3% after
6 months.

Three additional studies assessing recovery of HPA axis func-
tion in a total of 202 patients with glucocorticoid-induced ad-
renal insufficiency were included based on the search from
February 2014 onwards (40-42). The description of the
GRADE evidence can be found in Supplementary Table S3
and details of included studies in Supplementary Table S4 (see
section on Supplementary Material). The Menzies-Gow study
assessed adrenal function in patients with severe eosinophilic
asthma after achieving a stable predniso(lo)ne dosage of
5 mg/day for four weeks. In the studies by Baek and Leong, in-
cluded patients displayed large clinical variability with respect
to underlying disease and mean glucocorticoid treatment dose
and duration before diagnosis of glucocorticoid-induced ad-
renal insufficiency were not described. Adrenal function was as-
sessed using the 250 ug ACTH (1-24)-test in all studies. Except
for the Menzies-Gow study, timing of re-testing was not stand-
ardized. In the study by Baek et al, in 58.8% of patients adrenal
function recovered after a median of 16 months (40). In the
study by Leong et al, 60.6% of patients showed recovered

adrenal function, with a median recovery time of 24 months
(41). In the study by Menzies-Gow et al, 10% of patients
showed recovered adrenal function after 3 months (42).
Although these data are based on a limited number of patients
with a low quality of evidence (ie, certainty in these estimates)
due to heterogeneity and a serious risk of bias, the data suggest
that adrenal function can recover in a time frame from a few
months to up to 4 years in some cases. It must be emphasized
that the diagnosis of glucocorticoid-induced adrenal insuffi-
ciency in the studies by Baek and Leong was based on results
of biochemical testing, while signs and symptoms of adrenal in-
sufficiency were not reported. It is thus uncertain whether this
biochemical glucocorticoid-induced adrenal insufficiency was
of clinical relevance. The study by Menzies-Gow reported no
adrenal crises, or (serious) adverse events related to adrenal
insufficiency.

Studies assessing recovery of HPA axis function through
measurement of morning cortisol or low-dose 1 pg ACTH
(1-24)-test were not formally included in the systematic review
(see “Clinical questions, eligibility criteria, and definition of
endpoints’), but reported recovery incidence rates of 17% to
100% within a range of 4 days to 3 years (43-50). It is plaus-
ible that in studies reporting recovery at re-testing already
after a couple of days, initial cortisol levels may have repre-
sented adrenal suppression due to remaining circulating long-
acting exogenous glucocorticoids rather than true adrenal
insufficiency.

Clinical Sub-question la: Which Clinical/Biochemical
Parameters Predict Recovery of HPA Axis Function
in Patients With Glucocorticoid-induced Adrenal
Insufficiency?

Both studies included for clinical question I also assessed pre-
dictors of recovery of adrenal function (40, 41). In the study
by Baek et al, patients recovering adrenal function had higher
cortisol increments during the first ACTH (1-24)-test than pa-
tients without recovery (219 vs 99 nmol/L (10.3 vs 6.7 pg/dL),
OR 1.58 per pg/dL increase in cortisol, 95%CI 1.02-2.46)
when adjusting for confounders, basal cortisol concentration
and basal ACTH levels (40). In the study by Leong et al, pa-
tients recovering adrenal function had higher ambulatory
morning cortisol values in between retesting with ACTH
(1-24)-test than patients not recovering (286 vs 186 nmol/L
(7.9 vs 3.6 pg/dL), OR 1.02 per pg/dL increase in cortisol,
95%CI 1.01-1.04) (41). There were no studies assessing clin-
ical parameters predicting HPA axis recovery.

Clinical Question Il: What Is the Optimal Tapering
Scheme in Patients no Longer Requiring Chronic
Glucocorticoid Treatment for the Underlying
Condition?

Four randomized-controlled trials were included (51-54), and
one single-arm study (42). The GRADE table is shown in
Supplementary Table S5, and details of the studies are shown
in Supplementary Table S6 (see section on Supplementary
Material). Three studies compared the effects of a tapering
scheme of glucocorticoids vs placebo after short-term use of
high dose glucocorticoids in a total of 135 patients with mul-
tiple sclerosis, asthma, or chronic obstructive pulmonary dis-
ease exacerbation (51, 53, 54). One study compared the
effects of tapering vs continuing glucocorticoids after long-
term use in patients with rheumatoid arthritis who achieved
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remission or low disease activity (52), so only data of the pa-
tient group tapering glucocorticoids (n=131) were consid-
ered. The last study evaluated the effectiveness and safety of a
rapid, individualized steroid-reduction algorithm after berali-
zumab initiation in 598 patients with severe, eosinophilic asth-

a (42). Although adrenal function was not the primary
endpoint of included studies, Burmester et al predefined symp-
tomatic adrenal insufficiency as one of their secondary out-
comes, and Menzies-Gow et al as a safety outcome, and from
the three other studies data on (serious) adverse events and hos-
pital readmission were used as a proxy for symptomatic adrenal
insufficiency/adrenal crisis. The data showed no symptomatic
adrenal insufficiency and no clinical events related to potential
adrenal insufficiency during follow-up in all five studies.

Although the total number of included patients is relatively
small and there is heterogeneity due to various underlying dis-
eases, results from the included studies suggest that it is often
safe to stop glucocorticoids abruptly after short-term use of
high dose glucocorticoids. After long-term use of glucocorti-
coids, more rapid tapering of glucocorticoids when on a
supraphysiologic dosing, followed by a slower taper when
on physiologic glucocorticoid dosing, appears to be a safe
strategy (42, 52). There were no studies identified comparing
different tapering schemes.

Clinical Question lll: What Is the Diagnostic Accuracy
of a Morning Cortisol Value vs 250 ug ACTH
(1-24)-test in Diagnosing Glucocorticoid-induced
Adrenal Insufficiency?

Three studies were included (55-57). The GRADE evidence ta-
ble is shown in Supplementary Table S7, and details of the stud-
ies are shown in Supplementary Table S8 (see section on
Supplementary material). All studies assessed the diagnostic
performance of a morning serum cortisol value vs 250 pg
ACTH (1-24)-test. Of note, in the studies of Sagar et al and
Sbardella et al ACTH (1-24) was administered intramuscularly
or intravenously, and results could not be stratified for intra-
venous ACTH (1-24) only. Both studies measured cortisol by
immunoassay. In the study by Sagar et al, 100% of patients
with morning cortisol < 100 nmol/L (< 3.6 pg/dL) failed
ACTH (1-24)-test, while all patients with morning cortisol
>350 nmol/L. (>12.6 pg/dL) passed ACTH (1-24)-test (56)
(see Supplementary Table S8 for cut-off values for ACTH
(1-24)-testing in included studies). The results of the
study by Sbardella et al showed that morning cortisol
>336 nmol/L (>12.1 pg/dL) had a specificity of 100% for pre-
dicting a normal ACTH (1-24)-test, and morning cortisol
<124 nmol/L (<4.5 pg/dL) was 100% sensitive for predicting
failure (57). Positive and negative predictive values were not re-
ported. Debono et al found that a baseline serum cortisol
>310 nmol/L  (>11.2 pg/dL) measured by immunoassay
excluded glucocorticoid-induced adrenal insufficiency with a
sensitivity of 98% and a negative predictive value of 97%
(data retrieved after contacting the authors) (55). A baseline serum
cortisol < 152 nmol/L (< 5.5 pg/dL) confirmed glucocorticoid-
induced adrenal insufficiency with a specificity of 97% and a
positive predictive value of 95%.

For serum cortisol measured by LC-MS/MS, a value
> 327 nmol/L (>11.8 ug/dL) resulted in a sensitivity of 98%
and a negative predictive value of 99% for excluding
glucocorticoid-induced adrenal insufficiency, and a value
<152 nmol/L (<5.5 pg/dL) resulted in a specificity of 98%

and a positive predictive value of 99% for confirming
glucocorticoid-induced adrenal insufficiency.

The quality of evidence was moderate due to applicability con-
cerns and the numbers were too small to draw firm conclusions
on the value of morning cortisol as stand-alone test to diagnose
glucocorticoid-induced adrenal insufficiency. Importantly, test
results of both serum cortisol and 250 pg ACTH(1-24)-test
were not related to clinical endpoints such as adrenal crisis.

Recommendations

1. General recommendations for glucocorticoid therapy of
non-endocrine conditions and recommendations regard-
ing patient education
R 1.1—We recommend that, in general, patients on, or

tapering off glucocorticoids for non-endocrine condi-
tions do not need to be evaluated by an endocrinology
specialist.

Rationale

Despite their efficacy as anti-inflammatory and immunosup-
pressive agents, chronic use of glucocorticoids can induce
manifestations of Cushing syndrome, along with concomitant
central and later permanent adrenal insufficiency (suppression
of the entire HPA axis) (58). For this reason, clinicians pre-
scribing glucocorticoids for non-endocrine reasons are ad-
vised to employ the lowest effective dose and duration of
therapy and consider tapering glucocorticoid doses when
treatment is no longer necessary for the underlying condition.
Given the widespread use of glucocorticoids, it is imperative
that treating physicians of any discipline be well-versed in the
clinical consequences of long-term supraphysiologic gluco-
corticoid therapy and the prevention, diagnosis, and treatment
of glucocorticoid-induced adrenal insufficiency. It is equally
critical to recognize signs and symptoms of adrenal insufficiency
and be experienced in methods to taper and/or stop glucocorti-
coids once their pharmacologic effects are no longer required.
The management of glucocorticoid therapy is considered a
general medical skill that should be managed by the prescrib-
ing clinician, also taking into consideration the underlying dis-
ease as a determinant of tapering speed. Furthermore, the
affected number of patients (at least 1% of the general popu-
lation) is too large with too few endocrinology providers to
perform consultations for each instance of glucocorticoid ta-
pering. When prescribing clinicians decide that glucocorticoid
therapy is no longer required, they should educate their pa-
tient on methods to taper the dose, symptoms of adrenal insuf-
ficiency and appropriate responses, and proceed to wean the
dose (Table 2). In the vast majority of cases, glucocorticoid
taper does not cause any clinical endocrine concerns. In rare
cases, however, when long-term supraphysiologic gluco-
corticoid therapy has resulted in prolonged suppression of
HPA axis (greater than 1 year), or when patients experience
adrenal crises, referral to or consultation with an endocrine
specialist should be considered (see recommendation 2.11).
However, it should be recognized that endocrinology pro-
viders have no specialized diagnostic approaches or therapies
to facilitate unique care of glucocorticoid tapering. In this re-
gard, the education and approach to stopping glucocorticoid
therapy is a general medical process that every clinician who
prescribes glucocorticoids should be familiar with.
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R 1.2—We recommend that clinicians who implement treat-
ment with glucocorticoids educate patients about various
endocrine aspects of glucocorticoid therapy. (Good clin-
ical practice)

Rationale

Clinicians prescribing long-term supraphysiologic glucocortic-
oid therapy should actively educate their patients about the
potential development of adverse manifestations associated
with exogenous Cushing syndrome during extended use.
Furthermore, patients need to be informed about the risks of ad-
renal insufficiency, especially when tapering glucocorticoid
medication below the physiologic daily dose equivalent (see
Definitions section). Clinicians should also provide comprehen-
sive guidance on the importance of stress dosing with glucocor-
ticoids. (see recommendation 3.1). Informing patients of the
adverse effects of glucocorticoids and methods to monitor and
mitigate these outcomes is crucial to enhancing the beneficial as-
pects of glucocorticoid therapy while minimizing the undesired
adverse events and risks thereof. Education on stress and emer-
gency dosing can prevent symptoms of adrenal insufficiency and
hospitalizations for adrenal crises. Lastly, all patients initiating a
glucocorticoid taper should be educated on the possibility of
glucocorticoid withdrawal syndrome (58). The symptoms of
glucocorticoid withdrawal have substantial overlap with symp-
toms of adrenal insufficiency and in some cases a disease flare,
and can impede the tapering of glucocorticoids (see recommen-
dation 2.3). Anticipation of these potential symptoms can in-
crease awareness and minimize the need for urgent care.

R 1.3—We recommend that patients on glucocorticoid ther-
apy have access to current up-to-date and appropriate in-
formation about different endocrine aspects of
glucocorticoid therapy. (Good clinical practice)

Rationale

Empowering patients with knowledge of the benefits and risks
of glucocorticoid therapy is critical (59). Patients require in-
formation in an age, education level, and learning style-
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appropriate format, along with access to supportive social re-
sources such as family members or care providers and
disease-oriented support groups. We recommend the inclu-
sion of at least one family member or primary caregiver in
all education sessions (60).

Patient education and empowerment to adjust glucocorticoid
doses according to stressors are essential to prevent severe symp-
toms of adrenal insufficiency and adrenal crisis (61). Confidence
in self-management to prevent adrenal crisis was demonstrated
to be low in a large study that surveyed patients with adrenal in-
sufficiency, including patients with glucocorticoid-induced ad-
renal insufficiency (26). Poor disease knowledge and lack of
awareness of adrenal insufficiency subtype diagnosis were asso-
ciated with higher rates of adrenal crisis. Standardized patient
education programs for patients and their relatives proved to
be useful for sustainably improving the level of knowledge re-
garding the prevention of adrenal crisis, as well as self-
confidence in dealing with the disease (62, 63).

The risk for developing adrenal insufficiency and the poten-
tial for adrenal crisis during glucocorticoid treatment and
taper is low but increases with the cumulative number of
risk factors including glucocorticoid potency, administration
route, dose and treatment duration (Table 3).

The educational content and timing of education delivery
should be individualized to each patient. This relates to ad-
verse effects of glucocorticoid therapy, symptoms of with-
drawal and adrenal crisis and means to prevent and treat
adrenal crisis. Patients at low risk for developing adrenal in-
sufficiency or adrenal crisis may not require substantial educa-
tion when initiated on glucocorticoid therapy. In contrast,
patients with a moderate-to-high number of risk factors
should receive more intensive education to minimize the risk
of adverse outcomes. They may require multiple, well-timed
trainings that should be reinforced until their glucocorticoid
therapy is discontinued (Table 2).

2. Recommendations regarding taper of systemic gluco-
corticoid therapy for non-endocrine conditions, diagno-
sis and approach to glucocorticoid-induced adrenal
insufficiency, and glucocorticoid withdrawal syndrome

Table 2. Overview of topics prescribing clinicians should discuss with patients when prescribing oral glucocorticoids

Considerations Eligible patients Timing Comments

Risk for developing All patients on long-term supraphysiologic At the time of initiation =~ There are many sequelae of exogenous Cushing
exogenous Cushing glucocorticoid therapy syndrome. Patients should be educated on the
syndrome most common and clinically significant,

Risk for developing chronic
adrenal insufficiency

Education on stress dosing ~ Patients on long-term supraphysiologic

strategies glucocorticoid therapy who have reduced
Education on injectable dosing to physiologic, or subphysiologic,

emergency levels

glucocorticoid

administration

Glucocorticoid withdrawal
syndrome

Patients on long-term supraphysiologic
glucocorticoid therapy who are ready to
begin tapering the dose

including weight gain, sarcopenia,
hyperglycemia, hypertension, bone
demineralization

Even transient adrenal insufficiency requires

education to raise awareness for the need to stress
dose when appropriate

At least at the time when
dosing approaches a
physiologic range

At the time glucocorticoid
tapering begins

Dedicated education should be provided to prepare
patients with confirmed, or likely, adrenal
insufficiency for routine and emergent stress

dosing

Some patients on long term supraphysiologic
glucocorticoid therapy experience symptoms as
the doses are tapered
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Table 3. Risk factors for developing adrenal insufficiency, and susceptibility to adrenal crisis, during glucocorticoid therapy and withdrawal

from therapy

Factors Risk for adrenal insufficiency and crisis

Low Moderate High
Glucocorticoid potency Hydrocortisone Prednisone Dexamethasone

Cortisone acetate Prednisolone Betamethasone

Deflazacort Methylprednisolone Fluticasone

Triamcinolone

Administration Route Nasal Inhaled Systemic (oral, intramuscular, I intravenous)

Topical Intra-articular

Ophthalmic Concurrent use of differently aadministered glucocorticoid
Dose Low Medium High
Duration of use <3-4 weeks 3-4 weeks-3 months >3 months
Body Mass Index (64) Normal Overweight Obese
Age (65) Younger adults Older adults
Table 4. Suggested tapering regimen depending on glucocorticoid dose
Patient’s current daily prednisone  Suggested prednisone decrements Time interval
equivalent dose
>40 mg 5-10 mg decrease Every week
20-40 mg 5 mg decrease Every week
10-20 mg 2.5 mg decrease Every 1-4 weeks
5-10 mg 1 mg decrease Every 1-4 weeks
5 mg In absence of clinical symptoms or negative testing for adrenal insufficiency continue 1 mg decrease ~ Every 4 weeks

(if low dosage prednisolone preparations are not available, alternative: 20 mg hydrocortisone with

5 mg decrease)

R 2.1—We suggest not to taper glucocorticoids in
patients on short-term glucocorticoid therapy of
<3-4 weeks, irrespective of the dose. In these cases,
glucocorticoids can be stopped without testing due
to low concern for HPA axis suppression. (Booo)

Rationale

Short-term glucocorticoid therapy is commonly used for condi-
tions such as exacerbation of asthma, chronic obstructive lung
disease, inflammatory bowel disease, allergic skin reactions, and
rheumatoid arthritis. In a United States insurance database study
of 1.5 million adults, 21% had received at least one course of oral
glucocorticoids during the last three years, with a median dose of
20 mg prednisone equivalent and a median duration of 6 days
(66). A starting dose of 50 mg of prednisone tapering to zero
within 5-7 or 10-14 days are typical treatment regimens for ex-
acerbation of asthma (Global Strategy for Asthma Management
and Prevention. www.ginasthma.org/2023-gina-main-report).

There is no evidence that such short treatment periods lead
to clinically relevant suppression of HPA axis, although there
is lack of large high-quality studies. Suppression as evaluated
by a 1 pg ACTH (1-24)-test has been reported (46). However,
this test is less validated than a 250 pg ACTH (1-24)-test and
should be interpreted with caution (67). While adrenal insuf-
ficiency is unlikely after short-term glucocorticoid therapy,
clinicians should be aware that even short-term glucocorticoid
treatment can lead to complications such as increased inci-
dence of sepsis, gastrointestinal bleeding, thromboembolism,
and fractures (66, 68).

R 2.2—Glucocorticoid taper for patients on long-term gluco-
corticoid therapy should only be attempted if the under-
lying disease for which glucocorticoids were prescribed
is controlled, and glucocorticoids are no longer required.
In these cases, glucocorticoids are tapered until approach-
ing the physiologic daily dose equivalent is achieved (eg,
4-6 mg prednisone). (Good clinical practice)

Rationale

Glucocorticoids should only be tapered if the underlying disease
no longer requires glucocorticoid therapy. In general, gluco-
corticoid taper can be faster and in larger decrements if the total
daily glucocorticoid dose is high (eg, greater than 30 mg of pred-
nisone). As the total daily glucocorticoid dose is approaching
the physiologic daily dose equivalent (greater than equivalent
of 15-25 mg hydrocortisone, 4-6 mg prednisone, see Table 1),
the taper should be slower and with smaller decrements
(Table 4). In certain patients with glucocorticoid-induced com-
plications, such as uncontrolled hypertension and hypergly-
cemia, glucocorticoid-induced psychosis, or herpetic keratitis,
a more rapid glucocorticoid taper towards physiologic daily
dose equivalent may be required. The pre-test probability of ad-
renal atrophy and concurrent adrenal insufficiency is high for
patients taking long-term supraphysiologic glucocorticoid
doses; adrenal function testing is unnecessary until a physiologic
glucocorticoid dose is achieved.

HPA recovery is possible once the glucocorticoid therapy
has been tapered to a near-physiologic daily dose (eg,
4-6 mg prednisone). At this time, taper or assessment for
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HPA recovery could be performed unless glucocorticoids at
this dose are required for control of the underlying condition
(for example transplant, or polymyalgia rheumatica).

It is helpful to consider the likelihood of adrenal insufficiency
and the risk of underlying disease flare before planning further ta-
pering. It is also important to consider the underlying comorbid-
ities and evaluate concurrent drugs that could impact
glucocorticoid metabolism and overall glucocorticoid exposure.
Although lacking systematic evidence, empirically, the patient’s
previous history of success or failure of glucocorticoid taper
may also help design the most effective glucocorticoid taper.
Additional factors that may impact the risk of adrenal insuffi-
ciency include inter-individual variability of glucocorticoid
pharmacodynamics and pharmacokinetics. A study examining
oral and intravenous methylprednisolone found that 20% of indi-
viduals demonstrated increased clearance of methylprednisolone
(69). In general, older individuals have reduced drug clearance
(65), despite a small sample size in these studies, data suggest a
considerable and multifactorial inter-individual variability in
what would be considered a physiological glucocorticoid dose.

R 2.3—We recommend consideration of glucocorticoid
withdrawal syndrome that may occur during glucocortic-
oid taper. When glucocorticoid withdrawal syndrome is
severe, glucocorticoid dose can be temporarily increased
to the most recent one that was tolerated, and the dur-
ation of glucocorticoid taper could be increased. (Good
clinical practice)

Rationale

Glucocorticoid withdrawal syndrome occurs due to depend-
ence on supraphysiologic glucocorticoids while decreasing
the dose of glucocorticoids (70-72). Patients should be in-
formed that glucocorticoid withdrawal symptoms are ex-
pected to occur during the glucocorticoid dose reduction
and what the differences are between glucocorticoid with-
drawal syndrome, adrenal insufficiency, and underlying dis-
ease flare. It should be emphasized that an insufficient
glucocorticoid supply is not expected to occur when the gluco-
corticoid dose is greater than the physiologic daily dose
equivalent. As exceptions, it should be noted that the gluco-
corticoid requirement may be significantly higher in the case
of critical illness or that glucocorticoid absorption is not guar-
anteed in gastroenteritis. Many of the symptoms of the with-
drawal syndrome are nonspecific and overlap with symptoms
of the underlying disease, especially in inflammatory musculo-
skeletal disorders. Managing glucocorticoid withdrawal syn-
drome and glucocorticoid taper in these patients may be
especially challenging. Patients should be educated on symp-
toms of glucocorticoid withdrawal to avoid anxiety related
to unexpected symptoms or reactive, unnecessary, or exces-
sive increase in glucocorticoids.

Glucocorticoid withdrawal syndrome is reported to occur
in 40-67% of patients tapering glucocorticoids following
curative adrenalectomy in adrenal Cushing syndrome (72).
Duration of exogenous glucocorticoid use, glucocorticoid
dose and type, and individual susceptibility likely impact the
severity and duration of glucocorticoid withdrawal, but sys-
tematic studies are lacking. In a recent study investigating
glucocorticoid withdrawal syndrome in patients following
curative surgery for endogenous hypercortisolism, symptoms
of glucocorticoid withdrawal syndrome included arthralgias,

myalgias, weakness, fatigue, sleep disturbances, and mood
changes in up to 50% of patients (71). Symptoms are thought
to occur due to an abrupt decrease in glucocorticoid exposure
leading to an increase in inflammatory cytokines (73).
Symptoms of glucocorticoid withdrawal syndrome overlap
with those seen in patients with untreated or not optimally
treated adrenal insufficiency (Table 5) (26), and most patients
with glucocorticoid withdrawal syndrome do have concomi-
tant adrenal insufficiency (72). Since symptoms of adrenal in-
sufficiency and glucocorticoid withdrawal significantly
overlap, good clinical guidance to differentiate between those
is to consider the total daily dose of glucocorticoids with high
doses making adrenal insufficiency less likely. For example, a
patient treated for several months with prednisone 20-40 mg
might experience glucocorticoid withdrawal symptoms, but
concerns for spontaneous symptoms and signs of adrenal in-
sufficiency are only a concern once the taper reaches 5-7.5 mg.

The overall duration, type, and daily dose of glucocorticoid
used should be considered when designing a glucocorticoid
taper. Patients treated with higher glucocorticoid doses, long-
acting glucocorticoids, and for a longer duration of time are
likely to have more glucocorticoid withdrawal symptoms.
Patients with features of exogenous Cushing syndrome are
more likely to have a challenging glucocorticoid taper course
because of glucocorticoid withdrawal syndrome (Table 5).

Slow decrease in glucocorticoid dose is the only known inter-
vention that may help prevent severe glucocorticoid withdrawal
symptoms. In patients following a curative surgery for endogen-
ous hypercortisolism (71) baseline clinical severity score was as-
sociated with the severity of glucocorticoid withdrawal, and
symptoms worsened once total daily glucocorticoid dose reached
below 30 to 35 mg of hydrocortisone equivalent (eg, 7.5 prednis-
one). Clinical severity was calculated based on the presence of
physical features and comorbidities potentially related to gluco-
corticoid excess, and may also be applied in patients treated with
supraphysiologic glucocorticoids when deciding on the rapidity
of glucocorticoid taper, with slower taper in patients with high
clinical severity score, and a more rapid taper in patients with
lower clinical severity score. In a patient with severe glucocortic-
oid withdrawal syndrome despite a slower glucocorticoid taper,
increasing the glucocorticoid dose temporarily to the most recent
dose prior to onset of glucocorticoid withdrawal syndrome will
usually alleviate the symptoms.

R 2.4—We recommend against routine testing for adrenal
insufficiency in patients on supraphysiologic doses of glu-
cocorticoids, or if they are still in need of glucocorticoid
treatment for the underlying disease. (Good clinical
practice)

Rationale

If the glucocorticoid dose is in the supraphysiologic range, sup-
pression of the HPA axis is expected and it is unnecessary to test
adrenal function. Similarly, testing is unnecessary in patients un-
able to stop glucocorticoid treatment, for example patients with
organ transplants and in cases of polymyalgia rheumatica.
These patients should be educated on management of
glucocorticoid-induced adrenal insufficiency (see section R.3).

R 2.5—We suggest that patients taking long-acting gluco-
corticoids (eg, dexamethasone or betamethasone) should
be switched to shorter-acting glucocorticoids (eg,
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Table 5. Clinical features of adrenal insufficiency, glucocorticoid withdrawal syndrome and common underlying conditions

Glucocorticoid withdrawal syndrome

Adrenal insufficiency

Underlying condition for which
glucocorticoids were initially
prescribed

Symptoms
joint pain, sleep disturbances, mood
change

Signs Cushingoid features common, especially
earlier in the glucocorticoid taper

Timing of At any point during glucocorticoid taper,

symptoms and
signs occurrence

usually when prednisone is decreased
<15 mg/day

Higher risk with long-term supraphysiologic
glucocorticoid therapy

Weight loss“, hypotension, orthostasis

Only when not treated with optimal
glucocorticoid therapy (subphysiologic
glucocorticoid dose, increased
glucocorticoid requirements due to
sickness)

General malaise, fatigue, nausea, muscle and ~ General malaise, fatigue, nausea, muscle and  Depending on condition (eg, joint pain
joint pain

in rheumatoid arthritis). Common
overlapping symptoms (general
malaise, fatigue)

Disease-specific signs reappear

At any point during glucocorticoid taper
if the underlying condition is
sub-optimally controlled with a
non-glucocorticoid agent

Biochemistry Normal electrolytes Glucocorticoid-induced ~ Hyponatremia, hypoglycemia Biomarkers of disease activity

hyperglycemia may be present (sedimentation rate, disease-specific
biomarkers)
HPA axis Testing is not reccommended Initially, low ACTH and cortisol Not applicable
If tested, ACTH and cortisol are usually Later in recovery: normal-elevated ACTH,

undetectable low cortisol

Risk of adrenal Unlikely, if glucocorticoids are administered ~ Yes, if not optimally treated with Not applicable

crisis (as patients with glucocorticoid glucocorticoid therapy

withdrawal syndrome also have adrenal
insufficiency)

General remarks: Patients with glucocorticoid-induced adrenal insufficiency may be asymptomatic at baseline conditions but can develop symptoms—from mild to
life-threatening adrenal crisis—when exposed to potential triggers (see Table 9). When present, symptoms of adrenal insufficiency are often non-specific and can overlap
with those of the disease for which glucocorticoids are prescribed. Recurrence of underlying autoimmune diseases can occur during tapering of exogenous glucocorticoids.
Signs and symptoms of adrenal insufficiency can overlap with those of glucocorticoid withdrawal syndrome, which arises from the discontinuation of rapid tapering of
glucocorticoid therapy in patients who developed a tolerance to supraphysiologic glucocorticoid levels. In patients on glucocorticoids close to the physiological range,
adrenal insufficiency and glucocorticoid withdrawal syndrome cannot be distinguished with complete accuracy.

“weight loss due to resolving GC induced Cushing syndrome should be considered.

hydrocortisone or prednisone) when long-acting gluco-
corticoids are no longer needed. (@ooo)

Rationale

The use of long-acting glucocorticoids with higher gluco-
corticoid potency predisposes to a more pronounced suppres-
sion of HPA axis and subsequent adrenocortical function
impairment. This is due to the continuous and non-circadian
glucocorticoid effect of these drugs, especially when adminis-
tered systemically (Table 1).

Long-acting glucocorticoids such as dexamethasone or beta-
methasone, even in physiologic daily dose equivalent, are more
likely to cause HPA axis suppression, exogenous Cushing syn-
drome, and glucocorticoid withdrawal syndrome when being ta-
pered (24, 74-78). HPA axis recovery is impossible in the setting
of continuous administration of long-acting glucocorticoids. In
contrast, intermediate- or short-acting glucocorticoids—which
have both a shorter biological half-life and lower glucocorticoid
potency—are more likely to allow HPA recovery, provided that
they are not administered at nighttime, when they can more pro-
nouncedly inhibit ACTH production and the early-morning rise
of endogenous cortisol (19, 79).

If treatment with long-acting glucocorticoids is no longer
needed, we recommend changing to shorter-acting formulations
such as prednisone, prednisolone, hydrocortisone, or cortisone
acetate to promote recovery of the HPA axis. For patients on
non-oral glucocorticoids, eg, inhaled steroids, in whom there
is a concern for glucocorticoid-induced adrenal insufficiency, a
switch to short-acting oral glucocorticoids would be

appropriate when non-oral glucocorticoids or no longer needed.
Prednisone and hydrocortisone have a wider variety of available
doses and allow for a more gradual taper in smaller decrements,
thus potentially enabling HPA axis to recover (19, 80). For re-
placement of adrenal insufficiency, prednisone is usually pro-
vided as single morning dose, whereas due to shorter half-life
hydrocortisone and cortisone acetate are divided into 2-3 doses
with higher doses given in the morning and subsequent doses
given at lunch and late afternoon if applicable (38).

Currently, the optimal type and dose of glucocorticoids to
use during the taper has not been established. There is also a
lack of reliable data comparing different strategies and tapering
regimens vary widely in clinical practice. Moreover, there is no
compelling evidence to switch intermediate-acting glucocorti-
coids such as prednisone to hydrocortisone or cortisone acetate
to further promote the recovery of the HPA axis. The evidence
of the effect of different types and dosages of glucocorticoid
taper on the timing of HPA axis recovery and possible symp-
toms of glucocorticoid withdrawal remain limited and incon-
clusive (72, 79, 81-83). Consequently, an individualized
approach to glucocorticoid taper is possible and necessary.

R 2.6—We suggest that patients on a physiologic daily dose
equivalent, and aiming to discontinue glucocorticoid
therapys, either:

1. continue to gradually taper the glucocorticoid dose,
while being monitored clinically for signs and symp-
toms of adrenal insufficiency, or

2. be tested with a morning serum cortisol.

(Booo)
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Figure 1. Schematic representation of HPA axis recovery following discontinuation of supraphysiologic glucocorticoid therapy (adapted from: Prete

and Bancos 2021 (58)).

During the initial glucocorticoid tapering, ACTH and corti-
sol levels remain suppressed. When the dose of glucocorticoid
therapy is lowered, the hypothalamus and pituitary gland
start to recover, resulting in increased production of ACTH.
ACTH increase can promote the recovery of adrenal function
leading to an increase and recovery in cortisol. Complete re-
covery of cortisol production can remain impaired in a minor-
ity of patients (58, 84-86) (Fig. 1).

There is no compelling evidence to guide optimal tapering.
Discontinuation of long-term glucocorticoid therapy necessi-
tates a cautious approach due to an increased risk of adrenal
insufficiency, though the risk of clinically relevant adrenal crisis
is generally low. Although glucocorticoid dose and treatment
duration are associated with the development of adrenal insuf-
ficiency, predicting the risk of adrenal insufficiency remains
challenging. A uniform approach to tapering the glucocorticoid
dose has not yet been established and there is a lack of sufficient
data on this topic (see Clinical question II). While some authors
recommend a rapid reduction of the glucocorticoid dose to
slightly above physiologic daily dose equivalent (eg, 7.5 mg
prednisone), followed by a further reduction in smaller steps,
others prefer testing of HPA axis to guide further tapering or
immediate discontinuation, if normal adrenocortical function
is demonstrated. An ongoing randomized controlled clinical
trial (TOASST) is testing abrupt cessation vs gradual tapering
once a dose of prednisone 7.5 mg is achieved (87).

Once glucocorticoids are tapered down to physiologic re-
placement doses, the panel suggests two possible approaches
for the discontinuation of glucocorticoid therapy (Fig. 2).
Selecting one approach over the other might be driven by
patient-related aspects including co-morbidities, co-medication,
age and pre-test probability for adrenal insufficiency or by the
medical context such as training and experience of the treating
clinician or accessibility to laboratory diagnostics. There are no
studies showing the superiority of any of these approaches in
terms of clinical outcomes or cost-benefit.

Patients may gradually taper glucocorticoids while being
cautiously monitored for clinical manifestations of adrenal
insufficiency. If the patient experiences signs and symptoms
of adrenal insufficiency, glucocorticoid regimen should be
restarted and not discontinued until recovery of HPA
axis is documented. If the patient does not experience any
symptoms, the tapering proceeds until glucocorticoid
discontinuation.

Alternatively, patients may undergo testing with a morning
serum cortisol (sample collected between 8:00 and 9:00 am)
for the determination of HPA axis recovery (R 2.7). If ad-
renal insufficiency is documented, exogenous glucocorticoid
should not be reduced below the lower end of physiologic
replacement dose ranges to ensure adequate replacement
for adrenal insufficiency, yet still providing a stimulus for
HPA-axis recovery (25). Patients should be retested accord-
ing to recommendations in 2.7. and further significant dose
reduction should only occur with indication of HPA-axis
recovery.

R 2.7—If confirmation of recovery of the HPA axis is de-
sired, we recommend morning serum cortisol as the first
test. The value of morning serum cortisol should be con-
sidered as a continuum (Considering this continuum, sug-
gested cut-offs in nmol/l and pg/dL are not exact
conversions but have been rounded to improve clinical
applicability in an international context.), with higher
values more indicative of HPA axis recovery. (€ooo)

As a guide:

1. we suggest that the test indicates recovery of the HPA axis
if cortisol is >300 nmol/L or 10 pg/dL and glucocorti-
coids can be stopped safely;

2. we suggest that if the result is between 150 nmol/L or
5 pg/dL and 300 nmol/L or 10 pg/dL, the physiologic

9202 2unf 40 uo 1senb Aq Z8/99///G91/2/60 | /2101HE/WSd(/Woo"dno-dlWspek/:sdpy Woly pepeojumod



1670

The Journal of Clinical Endocrinology & Metabolism, 2024, Vol. 109, No. 7

Patients receiving supraphysiologic glucocorticoid

doses and at high risk of adrenal insufficiency, in whom

glucocorticoid therapy is no longer required

J

i

-

__‘J Taper down glucocorticoids to physiologic \
replacement doses (avoid dexamethasone) J

eventually stop.

discontinuation.

SCENARIO 1 (biochemical confirmation of normal
cortisol production is not desired/feasible):

1. Gradually taper down glucocorticoids and

2. Closely monitor the patient for clinical
manifestations of adrenal insufficiency/
glucocorticoid withdrawal throughout the
tapering period and after glucocorticoid

~,
\

" SCENARIO 2 (biochemical confirmation

of normal cortisol production is

desired/feasible):

v

/s e & i A
In case of clinical concerns, possible options are:

* Move to scenario 2.

« Temporarily increase the glucocorticoid dose
and taper down over a longer period.

@portant considerations: )
* The proposed cortisol cut-

offs are only a guide and
may vary according to the
cortisol assay used and
local protocols.

» The proposed cortisol cut-
offs only apply to patients
who are not under major
stress (e.g., sepsis,
trauma, surgery, or other
acute illness requiring
hospital admission).

* The proposed cortisol cut-
offs do not apply to
subjects with abnormal
CBG and albumin (e.g., use
of oral estrogens,
pregnancy, advanced liver
cirrhosis, nephrotic

Measure early-morning serum cortisol
.24 hours after the last glucocorticoid dose. |

HIGH Likelihood of adrenal insufficiency LOW
. ; .
150 nmotiL °"° 300 nmoliL
5.0 pg/dL 10.0 pg/dL

J I\

4

.

Continue glucocorticoid
replacement’ and

re-check early-morning

Continue glucocorticoid
replacement’ and
re-check early-morning

| cortisol after a few months | |cortisol after a few weeks

\_ syndrome). )

\Consider dynamic testing|

-

L

Stop glucocorticoid A
replacement23

T Exogenous glucacorticoid should not be reduced below the lower end of the physiologic replacement dose range to
ensure adequate replacement for adrenal insufficiency, yet still providing a stimulus for HPA axis recovery. Further
significant dose reduction should only occur with indication of HPA axis recovery.

2 Some patients with cortisol values close to the proposed 300 nmol/L (10 pg/dL) cut-off may still have a degree of
suboptimal cortisol response when exposed to major stress (e.g., sepsis, trauma, surgery, or other acute illness
requiring hospital admission). Rely on clinical judgment and offer stress glucocorticoid coverage if adrenal insufficiency
is suspected in such cases. Dynamic testing may also be considered.

3 Some patients may develop glucocorticoid withdrawal symptoms (e.g., those who have been on supraphysiologic
doses for a very long time) and may benefit from gradual tapering rather than an abrupt discontinuation.

Figure 2. Proposed approach to systemic glucocorticoid discontinuation.

glucocorticoid dose should be continued, and the morn-
ing cortisol repeated after an appropriate time period

(usually weeks to months);

3. we suggest that if the result is <150 nmol/L or 5 ug/dL,
the physiologic glucocorticoid dose should be continued,
and the morning cortisol repeated after a few months.
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Rationale

Due to the ease/convenience of testing, experience and valid-
ation, a morning serum cortisol level (measured between 8:00
and 9:00 amMm, after holding glucocorticoid dose for at least 24
hours) is the recommended test to examine for recovery of
HPA axis following glucocorticoid therapy (see also results of
Clinical Question III). The test should be done only after reach-
ing the range of a physiologic equivalent daily dose (eg, prednis-
one 4-6 mg daily or hydrocortisone 15-25 mg total daily dose,
see Definitions). Several other approaches to HPA axis assess-
ment exist, including measurement of waking salivary cortisone,
morning DHEA-S measurement, 250 ng ACTH (1-24)-test,
overnight metyrapone test and insulin tolerance test (39).
However, the literature comparing different tests for adrenal in-
sufficiency in the context of glucocorticoid use is very limited,;
importantly, test results are hardly related to clinically relevant
outcomes (see section 3). Assessment should be done at least 24
hours after the last dose of glucocorticoids (excluding dexa-
methasone). It should be emphasized that biochemical testing
for adrenal insufficiency is sensitive, but not specific.
Persistence of biochemical suppression or insufficient recovery
of HPA axis is a prerequisite for clinical adrenal insufficiency,
yet even amongst those patients with biochemical insufficiency,
the risk for clinically meaningful adrenal insufficiency and ad-
renal crisis remains very low. Due to the low prevalence of clin-
ically relevant adrenal insufficiency despite the high prevalence
of biochemical adrenal insufficiency following a glucocorticoid
taper, testing can provide a safeguard in identifying those less at
risk but is not a prerequisite for continued tapering.

Although proposing a serum cortisol cut-off of 300 nmol/L
(10 pg/dL) as a guide, the panel suggests that the value of serum
cortisol is considered as a continuum, rather than an arbitrary
cut-off, with higher values more likely to indicate HPA axis re-
covery. Patients with very low morning cortisol levels (as a guide:
<150 nmol/L (5 pg/dL)) are very likely to have persistent adrenal
insufficiency (88). In such cases, dynamic testing is unlikely to be
useful. We recommend that these patients continue with physio-
logic daily dose equivalent glucocorticoid replacement aiming
for the lowest safe dose and undergo repeat morning cortisol test-
ing until recovery occurs. As a general guide, the glucocorticoid
dose should provide sufficient replacement, but also a sufficient
stimulus for recovery (meaning avoiding any over-replacement).
Frequency of repeat measuring may range between 1 to 6
months, depending on the dose and length of glucocorticoid ther-
apy and the prior trajectory of cortisol values.

In patients with higher serum cortisol levels but below
300 nmol/L. (10 pg/dL), HPA axis recovery is possible. In
such cases, we suggest that the most cost-effective and practical
strategy is that these patients continue with physiologic daily
dose equivalent glucocorticoid replacement and have morning
serum cortisol re-checked every few weeks until recovery oc-
curs. If cortisol levels remain between 150 nmol/L (5 pg/dL)
and 300 nmol/L (10 pg/dL), dynamic testing can be considered.

In a study of patients with suspected primary or secondary
adrenal insufficiency, morning cortisol >354 nmol/L (12.8 pg/dL)
predicted normal adrenal function with 100% sensitivity (89).
One might also extrapolate some of the cut-off values from ex-
periences with therapy of endogenous Cushing syndrome. In
patients recovering from endogenous hypercortisolism, morn-
ing cortisol >276 nmol/L (10.0 pg/dL) was associated with no
reported symptoms of glucocorticoid withdrawal syndrome
or instances of adrenal crisis (72). Given these considerations,

and the fact that there is substantial variability in the calibra-
tion between different cortisol assays, we consider cortisol
values greater than 300 nmol/L (10 pg/dL) as a reasonable
threshold to indicate recovery of HPA function following
glucocorticoid-induced adrenal insufficiency.

When interpreting the values of morning cortisol measure-
ment, it has to be taken into account that several factors can affect
the results. Cortisol production is affected by the sleep-awake
cycle, with cortisol secretion reaching its peak just minutes before
waking up. Thus, morning serum cortisol can appear falsely low
in individuals with disrupted circadian rhythm (eg, night shift
workers, jet lag, and severe insomnia) (38). In addition, serum
cortisol concentrations can be elevated in patients with elevated
cortisol-binding globulin, such as seen during pregnancy and in
women on oral estrogens (90, 91). By contrast, serum cortisol
concentrations can be decreased in patients with low albumin
and cortisol binding globulin, as in hypoalbuminemic states
(such as advanced cirrhosis, nephrotic syndrome, and malnutri-
tion), and prolonged critical illness (92, 93).

The interpretation of serum cortisol varies depending on the
assays used. Available techniques for measuring serum corti-
sol listed from least to most accurate methods are immunoas-
says using polyclonal antibodies, immunoassays using more
specific monoclonal antibody to cortisol, and liquid
chromatography-tandem mass spectrometry (57, 94, 95).
For example, in a large study of patients undergoing 250 pg
ACTH (1-24)-test, baseline cortisol that excluded adrenal in-
sufficiency varied between 336 (12.2 pg/dL) and 506 nmol/L
(18.3 ug/dL) when measured by three different immunoassays
(57). Most prior studies utilized different forms of immunoas-
says, rather than mass spectrometry-based assays. Therefore,
it is important to point out that, ideally, physicians should be
familiar with cut-off values used in their laboratories.

Concomitant measurement of baseline DHEAS was reported
to have a good diagnostic accuracy in making a diagnosis
of secondary adrenal insufficiency, including those with
glucocorticoid-induced adrenal insufficiency (96, 97). Data on
DHEAS use to diagnose recovery from glucocorticoid-induced
adrenal insufficiency are scarce, but suggest that normalization
of cortisol secretion occurs prior to normalization of
DHEAS, making it a less favorable laboratory value to detect
adrenal axis recovery. In one study of 32 patients with history
of endogenous Cushing syndrome, patients with ACTH-
independent Cushing syndrome had lower DHEAS than patients
with ACTH-dependent Cushing syndrome at the time of HPA
axis recovery, suggesting that duration of adrenal cortex atrophy
impacts androgen recovery (98).

A promising alternative is waking salivary cortisone or cor-
tisol (55). This non-invasive and practical ambulatory test
holds the promise of replacing in-hospital assessments to
test for adrenal insufficiency, but is currently not widely
available.

R 2.8—We suggest against routinely performing a dynamic
test for diagnosing adrenal insufficiency in patients taper-
ing or stopping glucocorticoid therapy. (Booo)

Rationale

Morning cortisol measurement can serve as a simple approach to
HPA axis assessment, obviating the need for other tests in many
patients (see recommendation 2.7) (99-101). However, if
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cortisol remains indeterminate (see 2.7), dynamic testing can
be considered. The decision to carry out dynamic testing should
consider the test’s availability, feasibility, costs and regional ac-
cessibility. There is no evidence that a specific test in the context
of glucocorticoid treatment is superior. Dynamic testing options
include 250 png ACTH (1-24) and, less commonly, overnight me-
tyrapone (102) and insulin tolerance tests. The 250 pg ACTH
(1-24) test only examines the direct response of the adrenal gland
to supraphysiologic ACTH stimulation. In primary and second-
ary adrenal insufficiency, a peak cortisol level <500 nmol/L
(<18.1 ug/dL), depending on assay, at 30 or 60 minutes is
indicative of adrenal insufficiency (38, 39). As suppression of
the HPA axis subsequently results in adrenocortical atrophy
with impaired cortisol response, the test may yield less reliable
results in patients on shorter duration of glucocorticoid therapy
(39). The overnight metyrapone stimulation test and insulin
tolerance test are more labor-intensive and can be associated
with significant adverse effects. They assess the entire HPA
axis, but head-to-head studies comparing different dynamic tests
in this patient population are lacking. Furthermore, most of the
published studies using dynamic testing to diagnose
glucocorticoid-induced adrenal insufficiency rely on ACTH
(1-24) stimulation. The panel suggests against the use of the
1 pg ACTH (1-24) test since it does not provide better diagnostic
accuracy than the standard 250 pg and there are no commercial-
ly available preparations of 1 ng ACTH (1-24) (38, 103). If dy-
namic testing is employed, it should be done after holding any
glucocorticoid therapy for at least 24 hours to avoid interference
in steroid measurements.

R 2.9—We suggest awareness of possible glucocorticoid-
induced adrenal insufficiency in patients:

1. with current or recent use of non-oral glucocorticoid
formulations presenting with signs and symptoms in-
dicative of adrenal insufficiency, or

2. using multiple glucocorticoid formulations simultan-
eously, or

3. using high dose inhaled or topical glucocorticoids, or

4. using inhaled or topical glucocorticoids for >1 year, or

5. who received intra-articular glucocorticoid injections
in the previous 2 months, or

6. receiving concomitant treatment with strong cyto-
chrome P450 3A4 inhibitors.

Rationale

Glucocorticoid-induced adrenal insufficiency can occur with
any glucocorticoid formulation (104) (Table 6) and there is
no established safe level of dose exposure (24). Published stud-
ies provide some guidance on the overall degree of risk in pa-
tients treated with glucocorticoids. However, establishing the
risk on an individual basis is challenging and relies on clinical
judgment. We suggest that some groups of non-oral gluco-
corticoid users carry a higher risk, although evidence is limited.
We suggest that glucocorticoid-induced adrenal insuffi-
ciency should be suspected in patients with current or recent
use of non-oral glucocorticoid formulations presenting with
signs and symptoms indicative of adrenal insufficiency
(Table 5). Manifestations of adrenal insufficiency are often
non-specific and can overlap with other conditions including
those for which glucocorticoids were prescribed. It is therefore
imperative that healthcare professionals maintain a high de-
gree of suspicion for the presence of adrenal insufficiency.

Patients receiving multiple types of glucocorticoids (eg,
oral and inhaled) are more susceptible to developing
glucocorticoid-induced adrenal insufficiency, reflecting the
cumulative risk of systemic absorption and impact on the
HPA axis. Pooled data from 11 studies on 354 patients found
a risk of 42.7% (95%CI 28.6-58.0) (24).

In patients treated with inhaled glucocorticoids, the risk cor-
relates directly with treatment dose and duration. A total of
21.5% (95%CI 12.0-35.5) of patients using high doses of in-
haled glucocorticoids (58) and 27.4% (95%CI 17.7-39.8) of
those treated for more than 1 year were found to have biochem-
ical evidence of glucocorticoid-induced adrenal insufficiency
(24) (Table 6). A Canadian study found only 392 hospital ad-
missions due to glucocorticoid-induced adrenal insufficiency
over a 15-year period among adults receiving inhaled glucocor-
ticoids (1035). Patients using higher daily doses and cumulative
yearly doses had an almost twofold higher risk of hospital ad-
mission than those with lower exposure (105). A study focusing
on the general practice records of 2.4 million people in the UK
identified only 31 cases of established glucocorticoid-induced
adrenal insufficiency linked to inhaled glucocorticoids (106).
However, the same study also found a very low prevalence of
glucocorticoid-induced adrenal insufficiency in patients on
oral glucocorticoids, suggesting that this problem is largely
unrecognized or under-reported (106). Of note, among all
inhaled glucocorticoids fluticasone propionate is most fre-
quently associated with the development of symptomatic
glucocorticoid-induced adrenal insufficiency and exogenous
Cushing syndrome (100, 104, 107-111). This is potentially
linked to its pharmacokinetics (long half-life of 14.4 hours)
and pharmacodynamics (binding affinity to the glucocorticoid
receptors 18 times that of dexamethasone) (112). Regarding in-
tranasal glucocorticoid use, the risk of glucocorticoid-induced
adrenal insufficiency is low for short-term use at the recom-
mended doses (Table 6). However, several intra-nasal glucocor-
ticoids have high bioavailability and glucocorticoid receptor
binding affinity, which can result in significant systemic expos-
ure after prolonged use (113).

Robust evidence about the impact of intra-articular
glucocorticoid injections on the HPA axis is lacking.
Glucocorticoids can be detected in the urine for months after
injections (114, 115) suggesting prolonged systemic absorp-
tion (24). We suggest that patients are monitored for signs
and symptoms of adrenal insufficiency and that healthcare
professionals have a low threshold for testing especially with-
in 2 months of injections and in patients who receive simultan-
eous or multiple injections over a short period. Commonly
used intra-articular glucocorticoid preparations often lead to
a suppression of 4 weeks and therefore low morning cortisol
values are expected during that time frame, and recovery
can be confirmed in the following 4 weeks. Evidence regarding
epidural glucocorticoid injections is also very limited but pa-
tients receiving multiple injections and higher doses appear
to carry a higher risk of glucocorticoid-induced adrenal insuf-
ficiency (116-119).

Most glucocorticoids are metabolized by the hepatic cyto-
chrome P450 3A4 (CYP3A4). Strong CYP3A4 inhibitors—
which include food ingredients such as grapefruit juice, sev-
eral antibiotics, antifungals, and the protease inhibitor ritona-
vir among others—have been shown to significantly increase
circulating concentrations of glucocorticoids and hence sub-
stantially increase the risk of suppressing HPA axis. Several
cases of exogenous Cushing syndrome linked to oral and
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Table 6. Non-oral glucocorticoid formulations and risk of glucocorticoid-induced adrenal insufficiency

Prevalence of
glucocorticoid-induced adrenal

Factors increasing the risk of
glucocorticoid-induced adrenal insufficiency

Strategies to mitigate the risk of
glucocorticoid-induced adrenal

insufficiency” insufficiency”
Inhaled * Overall: 7.8% (CI 4.2-13.9) * Treatment with high doses’ for prolonged * Use the lowest effective glucocorticoid
glucocorticoids * Short-term use (<1 month): periods dose for the shortest period

Intra-articular

1.4% (C1 0.3-7.4)
Medium-term use (1-12
months): 11.9% (CI
5.8-23.1)

Long-term use (>12
months): 27.4% (CI
17.7-39.8)

Low dose use: 2.4% (0.6-9.3)
Intermediate dose use: 8.5%
(4.2-16.8)

High dose® use: 21.5%
(12.0-35.5)

52.2% (40.5-63.6)

Use of fluticasone propionate

Concomitant use of other glucocorticoid
formulations (eg, oral glucocorticoids in chronic
obstructive pulmonary disease or nasal
glucocorticoids for rhinitis/nasal polyposis)
Lower body mass index

Higher compliance with treatment
Concomitant treatment with strong cytochrome
P450 3A4 inhibitors” (eg, medications
containing ritonavir; antifungal drugs for acute
allergic bronchopulmonary aspergillosis)

Repeated injections over a short period (<3

Use spacers and mouth rinsing
Consider alternative glucocorticoids to
fluticasone propionate

Avoid co-administration with strong
cytochrome P450 3A4 inhibitors”

Reduce the number of injections, if

glucocorticoids months) possible
* Simultaneous injections of multiple joints * Space out injections by at least 3-4
* Use of high glucocorticoid doses months, if possible
* Inflammatory arthropathies * Triamcinolone hexacetonide may carry
* Concomitant use of other glucocorticoid a lower risk of systemic absorption
formulations than triamcinolone acetonide
* Concomitant treatment with strong cytochrome ~ * Avoid co-administration with strong
P450 3A4 inhibitors” cytochrome P450 3A4 inhibitors”
Percutaneous 4.7% (CI 1.1-18.5) * Long-term use of high-potency glucocorticoids * Use the smallest effective quantity for
(topical) on large surface areas or areas of increased the shortest period
glucocorticoids absorption (eg, mucosa) * Use lower potency glucocorticoids, if
* Prolonged use on inflamed skin with impaired possible
barrier function * Avoid co-administration with strong
* Occlusive dressings cytochrome P450 3A4 inhibitors”
* Use on mucous membranes, eyelids, and scrotum
* Concomitant use of other glucocorticoid
formulations
* Concomitant treatment with strong cytochrome
P450 3A4 inhibitors?
Intra-nasal 4.2% (CI 0.5-28.9) * Long-term use * Use the lowest effective glucocorticoid
glucocorticoids * Concomitant use of other glucocorticoid dose for the shortest period

formulations
Concomitant treatment with strong cytochrome
P450 3A4 inhibitors”

* Avoid co-administration with strong
cytochrome P450 3A4 inhibitors”

These doses are expressed as total daily doses and should be seen as a guide only. Doses are based on information from manufactures” summaries of product characteristics,
Global Initiative for Asthma (2023), and the British National Formulary.
Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus.
“Based on a systematic review and meta-analysis of studies assessing the prevalence of biochemical impairment of the HPA axis, regardless of clinical correlates (24).
Systematic data on the prevalence of signs and symptoms of adrenal insufficiency are lacking.
Suggested strategies include consideration of reduced doses, frequencies, and alternative treatments, but sufficient control of the underlying glucocorticoid dependent
disease remains paramount.
‘High doses of commonly prescribed inhaled glucocorticoids in adults are:

* Fluticasone propionate >500 pg/day
* Beclometasone dipropionate (standard particle inhalers) > 1000 pg/day
* Beclometasone dipropionate (extra fine particle inhalers) > 400 pg/day
* Budesonide >800 pg/day

* Ciclesonide >320 pg/day

* Fluticasone furoate >200 pg/day

* Mometasone furoate standard particle >400 pg/day

dStrong inhibitors include boceprevir, ceritinib, clarithromycin, cobicistat, darunavir, idelalisib, indinavir, itraconazole, ketoconazole, lopinavir, mifepristone,
nefazodone, nelfinavir, posaconazole, ritonavir, saquinavir, telaprevir, telithromycin, and voriconazole.

non-oral glucocorticoid formulations in patients using strong
CYP3A4 inhibitors have been published (108, 109). Ritonavir
is the most commonly reported offending medication, used as
part of antiviral combinations to treat HIV infection, hepatitis

C infection, and COVID-19.

clinical practice)

R 2.10—We suggest that patients with current or previous
glucocorticoid treatment presenting with signs and symp-
toms of exogenous Cushing syndrome are assumed to
have glucocorticoid-induced adrenal insufficiency. (Good
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Table 7. Signs and symptoms of glucocorticoid-induced (exogenous)
cushing syndrome

Muscle weakness

Sleep disturbances (insomnia)

Increased appetite

Mood and cognitive disturbances (irritability,
impaired memory, depression)

Symptoms

Signs Proximal muscle weakness and wasting
Excess weight gain and central obesity
Supraclavicular and dorsocervical fat accumulation
Facial and upper neck plethora with facial rounding
Skin atrophy with easy bruising, red stretchmarks, and
poor wound healing
Acne

Menstrual irregularities in women

Other Cardiometabolic risk factors (hypertension,
manifestations dysglycemia, dyslipidemia, hypercoagulability)
Osteoporosis and fragility fractures
Hypogonadism, reduced libido, and reduced fertility

Rationale

Patients with a history of glucocorticoid treatment/exposure
presenting with manifestations of Cushing syndrome
(Table 7) should be assumed to have a fully suppressed HPA
axis and managed accordingly. Exogenous Cushing syndrome
can occur with any glucocorticoid formulation and can take
several months to resolve after the glucocorticoid daily dose
is decreased to physiological range (120, 121). Morning corti-
sol measurement can differentiate those with adrenal insuffi-
ciency (suppressed cortisol level) or identify those with
recovering adrenal axis, but persistence of cushingoid
features.

R 2.11—We suggest that patients aiming to discontinue glu-
cocorticoids, but without recovery of HPA axis in one
year while on physiologic daily dose equivalent, should
be evaluated by an endocrinology specialist. We suggest
that patients on glucocorticoids and history of adrenal
crisis should also be evaluated by an endocrinology spe-
cialist. (Good clinical practice)

Rationale

Prior studies have shown that adrenal insufficiency may last
even up to 2-4 years after glucocorticoid cessation, owing to
slow recovery of adrenal cortisol production (40, 47,
122-124). Persistent impairment of cortisol secretion beyond
four years suggests that recovery of adrenal function is very
unlikely and long-term glucocorticoid replacement should
be continued (99, 124). Additional regular testing beyond
four years may not be helpful but can be considered on a
case-by-case basis.

The panel suggests that patients with persistent adrenal in-
sufficiency while on physiologic daily dose equivalent of glu-
cocorticoids for longer than one year should be evaluated by
an endocrinology specialist to assess for underlying causes
of adrenal insufficiency other than glucocorticoid-induced ad-
renal insufficiency (eg, pituitary causes). The panel suggests
that patients who experience an adrenal crisis while on gluco-
corticoids should be evaluated by an endocrinology specialist.
Patients with adrenal insufficiency for more than one year
should be treated with standard replacement doses of

hydrocortisone or prednisone (Table 1). Furthermore, it is ne-
cessary to provide education to these patients regarding the
adjustment of glucocorticoid substitution therapy doses dur-
ing stressful situations to prevent adrenal crises or to manage
them (38) (see Section 3).

R 2.12—We recommend against the use of fludrocortisone
in patients with glucocorticoid-induced  adrenal
insufficiency.

Rationale

Secretion of the mineralocorticoid aldosterone is largely regu-
lated by the renin-angiotensin system and potassium levels.
Accordingly, mineralocorticoid function is expected to be pre-
served in glucocorticoid-induced adrenal insufficiency, as in
other forms of secondary or tertiary adrenal insufficiency.
Substitution therapy with fludrocortisone is not indicated.

3. Recommendations on diagnosis and therapy of adrenal
crisis in patients with glucocorticoid-induced adrenal
insufficiency
R 3.1—We recommend that patients with current or re-

cent glucocorticoid use who did not undergo biochem-

ical testing to rule out glucocorticoid-induced adrenal
insufficiency should receive stress dose coverage when
they are exposed to stress. (Good clinical practice)

R3.1A—Oral glucocorticoids should be used in case
of minor stress and when there are no signs of
hemodynamic instability or prolonged vomiting
or diarrhea.

R3.1B—Parenteral glucocorticoids should be used in
case of moderate to major stress, procedures under
general or regional anesthesia, procedures requir-
ing prolonged avoidance or inability of oral intake,
or when there are signs of hemodynamic instability
or prolonged vomiting or diarrhea.

Rationale

As discussed in sections R1.2, R1.3, and R3.2, patients need to
be educated on stress dosing of glucocorticoids aiming to pre-
vent adrenal crises and their negative sequelae (Fig. 3).
Potential adrenal insufficiency and the need for stress dosing
should be considered even after discontinuation of gluco-
corticoid therapy and replacement, particularly in those pa-
tients that had not undergone biochemical testing to confirm
recovery of the HPA-axis. Based on a retrospective analysis
mortality is increased particularly in the immediate period fol-
lowing the cessation of glucocorticoid therapy (29).
Therefore, patients with current or recent glucocorticoid use
who did not undergo biochemical testing to rule out
glucocorticoid-induced adrenal insufficiency who are under
minor stress (eg, fever, infection requiring antibiotics, physical
trauma, significant emotional stress) not leading to hemo-
dynamic instability and with no evidence of oral glucocortic-
oid malabsorption (vomiting, diarrhea) or are undergoing a
surgical procedure under local anesthesia will require cover-
age with stress dose of oral glucocorticoids (as a general guide,
see Table 8). The recommended stress dose of hydrocortisone
is the same as for patients with primary or secondary adrenal
insufficiency of other etiology: patients should receive double
the physiologic replacement dose (ie, hydrocortisone 40 mg
daily, usually split in three doses 20 mg on rising, 10 mg 12
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Patients at risk of or with
diagnosed glucocorticoid-

induced adrenal insufficiency

) |

1

[ Suspected adrenal crisis

=

Prolonged vomiting / diarrhoea
without hemodynamic instability
(e.g., gastro-intestinal illness)

=

Moderate to major stress
(e.g., severe acute illness requiring hospital
admission; major acute trauma; surgery and

procedures requiring general or regional
anesthesia with nil by mouth or expeded
long recovery time; labor and vaginal
delivery; cesarean section)

Minor stress
(e.g., ilness with fever or infection treated
with antibiotics not requiring hospital
admission; signifcant emotional stress;
minor surgery and procedures requiring
local anesthesia)

-
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Hydrocortisone 100mg injection |.V. or|.M. followed by
hydrocortisone 200mg infusion over 24 hours! (0f  wju
equivalent doses of other parenteral glucocorticoids)

Fluid resuscitation with 0.9% saline solution
(or equivalent) guided by individual patient
needs and comorbidities

Absorption of oral glucocorticoids may be reduced.
Consider parenteral glucocorticoids to prevent adrenal crisis
(examples of regimens that can be used are shown in Table 8).2

Parenteral glucocorticoids are required until the stress has resolved to
prevent adrenal crisis (examples of regimens that can be used are
shown in Table 8) 2

Extra glucocorticoids are typically not needed for patients already taking
predniso(lo)ne-equivalent doses =10mg daily. Other patients should
increase their daily glucocorticoid dose until the stress has resolved

(examples of regimens that can be used are shown in Table 8).2

' Continue hydrocortisone infusion (or parenteral administration of other glucocorticoids) only in patients with confirmed adrenal crisis.

2 The need for extra glucocorticoid cover and the regimen used must be guided by individual patient requirements and clinical judgment.

Figure 3. Management of patients at risk of or with diagnosed glucocorticoid-induced adrenal insufficiency with suspected adrenal crisis or during

exposure to stress.

midday, 10 mg 5pm) (125). In patients using other glucocortic-
oid formulations, a dose equivalent to 40 mg hydrocortisone
is suggested and this regime needs to be offered for the dur-
ation of the stress period eg, prednisone 10 mg total daily
dose to be given in one or two divided doses (as a general
guide, see Table 8). Particularly for patients undergoing sur-
gery under general or regional anesthesia associated with
long recovery time, parenteral stress doses of hydrocortisone
or equivalent doses of other glucocorticoids such as methyl-
prednisolone or dexamethasone are recommended (as a gen-
eral guide, see Table 8). We base our suggested stress-dose
glucocorticoid regimens on clinical practice and the guidelines
from the Association of Anaesthetists, the Royal College of
Physicians, the Endocrine Society and the Society for
Endocrinology UK (38, 126). However, we acknowledge
that in the absence of robust evidence and head-to-head com-
parison of different glucocorticoid regimens, practices vary
considerably among centers and lower doses are also routinely
used in patients under moderate or major stress (127).

R 3.2—We suggest that in patients with current or recent
glucocorticoid use who did not undergo biochemical test-
ing to rule out glucocorticoid-induced adrenal insufficiency
and present with hemodynamic instability, vomiting, or
diarrhea, the diagnosis of adrenal crisis should be consid-
ered irrespective of the glucocorticoid type, mode of admin-
istration, and dose; patients with suspected adrenal crisis
should be treated with parenteral glucocorticoids and fluid
resuscitation. (Good clinical practice)

Rationale

Adrenal crisis (also known as acute adrenal insufficiency or
Addisonian crisis) can occur in patients taking oral

supraphysiologic doses of glucocorticoids, if drug availability
suddenly decreases (eg, missed doses, gastroenteritis). It is a
life-threatening emergency that must be promptly recognized
and treated. Therefore, timely therapy is essential and takes
precedence over the evaluation for other causes of symptoms
that are in accordance with adrenal crisis. Adrenal crisis is
characterized by the inability of the adrenal cortex to produce
enough cortisol to respond appropriately to stressors such as
infections, trauma, and surgery (Table 9). The pathophysi-
ology of adrenal crisis is complex and not fully understood,
but it is invariably characterized by volume depletion and vas-
oplegia resulting in hypotension and—if left untreated—
shock and eventually death (128, 129). Adrenal crisis can oc-
cur not only in patients treated with oral glucocorticoids but
also in patients receiving only inhaled (110, 130), topical
(131), intra-articular (132), or other glucocorticoid formula-
tions (133). This highlights the potential clinical risks associ-
ated with the untoward systemic absorption of non-oral
glucocorticoids. As mentioned above, adrenal crisis should
be considered in patients in the period immediately following
cessation of glucocorticoid therapy.

Adrenal crisis is a clinical diagnosis and should be suspected
in patients with current or recent use of any glucocorticoid
formulation presenting with hypotension, collapse, or acute
abdominal symptoms (Table 9). Hyponatremia may also be
associated. A high degree of clinical suspicion is paramount,
as patients may not have been tested for suspected
glucocorticoid-induced adrenal insufficiency prior to the acute
event and adrenal crisis may be the first manifestation of the
disease. Treatment must not be delayed by laboratory or im-
aging investigations. If an established or impending adrenal
crisis is suspected, the patient should immediately receive an
injection of 100 mg hydrocortisone intravenously or intra-
muscularly followed by rapid volume resuscitation with
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Table 8. Suggested glucocorticoid regimens in patients at risk of or with diagnosed glucocorticoid-induced adrenal insufficiency during
exposure to stress

General considerations

Examples

Suggested regimen

Minor stress

Moderate
and major
stress

If the patient is already taking hydrocortisone
>40 mg daily prednisone >10 mg daily, or
dexamethasone >1 mg daily, there is
typically no need to increase the dose unless
there are signs of hemodynamic instability

If the patient is already taking hydrocortisone
>200 mg daily, prednisone >50 mg daily,
or dexamethasone >6-8 mg daily, there is
typically no need to increase the dose

In patients with suspected reduced absorption
(persistent vomiting or diarrhea), nil by
mouth, or unable to take tablets, give
stress-dose glucocorticoids I.V. or I.M.

High body weight can be taken into

* Illness requiring bed rest

* Illness with fever (out of hospital)

* Illness requiring treatment with
antibiotics (out of hospital)

* Significant emotional stress (eg,
bereavement)

Minor surgery including any procedure
requiring local anesthesia

Bowel procedures not carried out under
general anesthesia

Severe intercurrent illness, for example:

* Persistent vomiting or diarrhea from
gastro-intestinal illness.

* Infection requiring hospital admission
or L.V. antibiotics (eg, sepsis).

* Acute trauma resulting in significant
blood loss or hospital admission.

If not on daily glucocorticoids: give
hydrocortisone 40 mg total daily dose, to be
given in three divided doses (eg, 20 mg on
rising, 10 mg 12 midday, 10 mg 5pm).
Continue for 2-5 days until well (or for the
duration of antibiotic treatment).

If on hydrocortisone <40 mg total daily dose:
increase to 40 mg total daily dose, to be
given in three divided doses (eg, 20 mg on
rising, 10 mg 12 midday, 10 mg 5pm).
Continue for 2-5 days until well (or for the
duration of antibiotic treatment).

If on prednisone <10 mg total daily dose:
increase to 10 mg total daily dose, to be
given in one or two divided doses. Continue
for 2-5 days until well (or for the duration of
antibiotic treatment).

If on dexamethasone <1 mg total daily dose:
increase to 1 mg once daily. Continue for
2-5 days until well.

If not on daily glucocorticoids: give oral
hydrocortisone 40 mg total daily dose, to be
given in three divided doses (eg, 20 mg one
hour prior to the procedure, 10 mg six hours
after the procedure, 10 mg after a further six
hours). Continue glucocorticoids in
patients who remain unwell after the
procedure until clinically stable.

If on hydrocortisone <40 mg total daily dose:
increase to 40 mg total daily dose, to be
given in three divided doses (eg, 20 mg one
hour prior to the procedure, 10 mg six hours
after the procedure, 10 mg after a further six
hours). Continue increased dose in patients
who remain unwell after the procedure until
clinically stable.

If on prednisone <10 mg total daily dose:
increase to 10 mg total daily dose, to be
given one hour prior to the procedure.
Continue increased dose in patients who
remain unwell after the procedure until
clinically stable.

If on dexamethasone <1 mg total daily dose:
increase to 1 mg total daily dose, to be given
one hour prior to the procedure. Continue
increased dose in patients who remain
unwell after the procedure until clinically
stable.

If not on daily glucocorticoids: give
hydrocortisone 20 mg total daily dose, to be
given in three divided doses (eg, 10 mg one
hour prior to the procedure, 5 mg six hours
after the procedure, 5 mg after a further six
hours).

If on daily glucocorticoids: continue normal
glucocorticoid dose. Give an equivalent I.V.

dose if prolonged nil by mouth.

For patients with persistent vomiting or
diarrhea who are well enough to remain out
of hospital: Hydrocortisone 100 mg I.M.
injection immediately, which can be
repeated after 6 hours if needed. If
symptoms do not resolve or hemodynamic
instability develops, admit to hospital for
L.V. urgent glucocorticoid and fluid
administration.

(continued)
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Table 8. Continued

1677

General considerations

Examples

Suggested regimen

consideration as a factor indicating higher
dosage requirements

Surgery or any procedure requiring general
or regional anesthesia with anticipated
short recovery time and no nil by mouth

Surgery (including cesarean section) or any
procedure requiring general or regional
anesthesia with nil by mouth or expected
long recovery time

Labor and vaginal delivery

Patients requiring hospital admission:
Hydrocortisone 100 mg I.V. bolus or I.M.
injection immediately, followed by
immediate initiation of a continuous
infusion of hydrocortisone 200 mg over 24
hours. If a continuous infusion is not
feasible, give hydrocortisone 50 mg I.V.
boluses every 6 hours. The duration and
dose of the glucocorticoid regimen
thereafter must be individualized based on
the stressor type and the patient’s clinical
status.

Intra-operative regimen: Hydrocortisone
100 mg I.V. bolus at induction, followed by
immediate initiation of a continuous
infusion of hydrocortisone 200 mg over 24
hours. If a continuous infusion is not
feasible, give hydrocortisone 50 mg I.V.
boluses every 6 hours.

Postoperative regimen: Resume oral
glucocorticoids at an increased dose for 48
hours (eg, hydrocortisone 40 mg/daily in
three divided doses; prednisone 10 mg/
daily in one or two divided doses;
dexamethasone 1 mg once daily) and then
resume the pre-surgical dose. In case of
post-operative complications (eg,
significant pain, infections), maintain an
increased oral dose or give stress-dose
glucocorticoids I.V. as clinically
appropriate.

Intra-operative regimen: Hydrocortisone
100 mg L.V. bolus at induction, followed by
immediate initiation of a continuous
infusion of hydrocortisone 200 mg over 24
hours. If a continuous infusion is not
feasible, give hydrocortisone 50 mg L.V.
boluses every 6 hours.

Postoperative regimen: Continuous infusion
of hydrocortisone 200 mg over 24 hours
while the patient is nil by mouth. If a
continuous infusion is not feasible, give
hydrocortisone 50 mg I1.V. boluses every 6
hours. If the post-operative period is
uncomplicated and once the patient can eat,
resume oral glucocorticoids at an increased
dose for 48 hours (eg, hydrocortisone
40 mg/daily in three divided doses;
prednisone 10 mg/daily in one or two
divided doses; dexamethasone 1 mg once
daily) and then resume the pre-surgical
dose. In case of post-operative
complications (eg, significant pain,
infections), maintain an increased oral dose
or give stress-dose glucocorticoids I.V. as
clinically appropriate.

Hydrocortisone 100 mg I.V. bolus at onset of
labor, followed by immediate initiation of a
continuous infusion of hydrocortisone
200 mg over 24 hours. If a continuous
infusion is not feasible, give hydrocortisone
50 mg I.V. boluses every 6 hours.

intravenous administration of 0.9% saline solution (or
equivalent) (38). Patients with confirmed adrenal crisis should
be maintained on hydrocortisone at a dose of 200 mg

hydrocortisone per 24 hours (preferably by continuous intra-
venous infusion, alternatively by intravenous or intramuscu-
lar injection of 50 mg hydrocortisone every 6 hours) until
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Table 9. Signs and symptoms of adrenal crisis and potential precipitating factors

General considerations

Patients present with a shock out of proportion to the severity of the trigger, if a trigger is

identified (see below)

The shock is typically resistant to inotropes and fluid resuscitation if the adrenal crisis is not

recognized and promptly treated with parenteral glucocorticoids

Risk factors for adrenal crises include a history of previous adrenal crises, older age (>65 years),

adolescence and transition from pediatric to adult care, and a higher comorbidity burden

Glucocorticoid tapering down and discontinuation are crucial times, as glucocorticoid-induced

adrenal insufficiency can become clinically apparent

Diagnosis

Hypotension or hypovolemic shock

plus at least one of the following:

Fever

seizures)

Possible laboratory abnormalities (not required for
the diagnosis)

Eosinophilia

Factors that can trigger an adrenal crisis or elicit

Nausea or vomiting
Severe fatigue

Impaired consciousness (incl. lethargy, confusion, somnolence, collapse, delirium, coma, and

Hyponatremia (typically with raised urinary sodium)
Hyperkalemia

Signs of volume depletion (eg, raised urea and creatinine)
Hypoglycemia

Lymphocytosis

Common to all patients with adrenal insufficiency:

symptoms of adrenal insufficiency

Infections (including gastrointestinal, genitourinary, respiratory, and sepsis)
Acute illness (including fever)

Physical trauma

Surgery or other procedures requiring general, regional, or local anesthesia
Bowel procedures requiring laxatives/enema

Labor and delivery

Dental procedures

Severe stress and pain (including severe anxiety and bereavement)
Strenuous exercise

Specific to patients with glucocorticoid-induced adrenal insufficiency:

* Abrupt glucocorticoid withdrawal in subjects on long-term treatment

* Glucocorticoid tapering below physiological replacement doses

* Switch between different types, formulations, and doses of inhaled glucocorticoids, which can
lead to considerable variability of glucocorticoid systemic absorption

* Initiation of strong cytochrome P450 3A4 inducers, which leads to increased liver metabolism of
several glucocorticoids. Strong inducers include apalutamide, carbamazepine, enzalutamide,
fosphenytoin, lumacaftor, lumacaftor-ivacaftor, mitotane, phenobarbital, phenytoin,
primidone, and rifampicin

clinical recovery and further guidance by an endocrinology
specialist (38, 134). In patients with very high body weight,
higher doses might be considered. Some centers use equivalent
parenteral doses of other glucocorticoids such as methylpred-
nisolone or dexamethasone; head-to-head comparison data of
different treatment strategies for adrenal crisis are lacking.
Any identifiable potential triggers (eg, infections, trauma)
should be treated where possible. Short-term administration
of parenteral glucocorticoids at the recommended doses is
safe; hence, treatment should be initiated even if an adrenal
crisis diagnosis is eventually ruled out.

Evidence regarding the incidence of adrenal crisis in patients
with glucocorticoid-induced adrenal insufficiency is limited
(see introduction). Some data suggest that the risk is low con-
sidering the relatively small number of hospital admissions
for adrenal crisis recorded in patients on long-term glucocorti-
coids (129). The preserved aldosterone production and some
residual cortisol production in glucocorticoid-induced adrenal
insufficiency may explain these observations. One study found
a higher incidence of adrenal crisis—precipitated by infections

in about half of cases—in patients with established
glucocorticoid-induced adrenal insufficiency compared to oth-
er causes of adrenal insufficiency (27), but this was not ob-
served in other studies (26).

A significant proportion of patients with glucocorticoid-
induced adrenal insufficiency may be undiagnosed; as such,
adrenal insufficiency symptoms and adrenal crisis can be
missed. A population-based study found an increased
incidence of potential manifestations of untreated adrenal in-
sufficiency (hypotension, gastrointestinal symptoms, hypogly-
cemia, and hyponatremia) after discontinuation of long-term
oral glucocorticoids (25). Individuals exposed to infections—
common triggers of adrenal insufficiency symptoms—and old-
er individuals taking higher glucocorticoid doses for longer
periods prior to discontinuation carried a higher risk of devel-
oping these manifestations (25). Another study found a sharp
mortality increase in the first 3-6 months after cessation of
long-term oral glucocorticoids (29). Whilst it is not possible
to establish how many deaths were due to unrecognized ad-
renal crisis, these data highlight the need for close clinical
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monitoring of patients coming off long-term glucocorticoid
therapy (29, 130).

Adrenal crisis prevention is one of the main goals of the
management of any patient with adrenal insufficiency and is
achieved through regular patient education about its signs and
symptoms, possible precipitating factors (see recommendations
1.2 and 1.3, Table 9), when and how to increase glucocorticoid
dose (sick day rules), and the provision of patient-held prompts
to healthcare professionals should they become seriously ill or un-
conscious (eg, ESE steroid emergency card: A Standardised
European Emergency Card for Patients with Adrenal
Insufficiency | ESE (ese-hormones.org)) (125, 135). When com-
pared to other adrenal insufficiency etiologies, patients with an es-
tablished  diagnosis  of  glucocorticoid-induced ~ adrenal
insufficiency were found to be less aware of their diagnosis, to en-
gage less with preventative strategies (possession of emergency in-
jectable hydrocortisone, wearing medical alert gear), experienced
considerably more delays during emergency treatment for adrenal
crises, and generally had more difficulty in managing their condi-
tion with poorer self-perceived health (26). These observations
highlight the need for prevention strategies and education of pa-
tients and healthcare professionals alike.

Future Research

e Evidence for the majority of above recommendations re-
garding glucocorticoid-induced adrenal insufficiency is
low or very low. Therefore, future epidemiology research
needs to define the true risk of clinical adrenal crisis and
adrenal insufficiency. Additional data regarding morbid-
ity and mortality of glucocorticoid-induced adrenal insuf-
ficiency is required to understand the associated health
risk, which will ultimately define the approach to care
for patients tapering long-term glucocorticoid therapy.

e There is a need for further definition of risk factors con-
tributing to the development and susceptibility of adrenal
insufficiency, such as genetic predisposition, environmen-
tal influences, concurrent medication and underlying dis-
ease for which glucocorticoid therapy is initiated for.

e Biomedical and psychosocial research into understanding
of glucocorticoid withdrawal is warranted, ideally
providing clinical scoring systems or biomarkers, in order
to better differentiate glucocorticoid withdrawal from
glucocorticoid-induced adrenal insufficiency.

e Established dynamic tests for glucocorticoid-induced ad-
renal insufficiency identify a relatively large proportion
of patients with biochemical HPA axis insufficiency fol-
lowing glucocorticoid therapy, yet there is only a very
low reported number of patients that develop clinical evi-
dence of adrenal insufficiency and only an exceedingly low
number of patients develop adrenal crisis. Therefore,
more specific and predictive tests and follow-up parame-
ters (including salivary cortisol and potentially continuous
monitoring of interstitial cortisol) are needed to identify
at-risk patients who would benefit from dedicated pre-
ventive intervention.

e More research is needed aiming to identify glucocorticoids
retaining immunosuppressive and anti-inflammatory
properties, but having less effect on HPA axis suppression
and an improved adverse effect profile. In addition, the ex-
ploration of other therapeutic strategies, such as concur-
rent HPA axis stimulation to prevent suppression should
also be entertained.

e There is a need for a harmonization of cortisol assays.
While most cut-off values were established using different
immunoassays, usually overestimating true cortisol values
due to varying degrees of cross-reactivity with other ster-
oid metabolites, the advent of mass spectrometry allows
for a specific measurement of cortisol. Future research
needs to establish cut-off values using mass spectrometry
and clinical care needs to adapt this measurement for rou-
tine cortisol measurements.

Supplementary Material

The supplementary material of this guideline can be found at
DOI 10.5281/zenodo0.10890177.
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