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Introduction

• Virtually every discipline of medicine applies glucocorticoids
via multiple modes of administration (including oral, inhaled,
intranasal, intra-articular, topical, and intravenous), and
frequently for prolonged duration.

• Suppression of the hypothalamic-pituitary-adrenal (HPA) axis is
an inevitable effect of chronic exogenous glucocorticoid therapy
and recovery of adrenal function varies greatly amongst
individuals.



• Glucocorticoid-induced adrenal insufficiency necessitates
careful education and management, and in the rare cases of
adrenal crisis, prompt diagnosis and therapy .

• 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.



Adverse Effects of Long-term Glucocorticoid Therapy

• While glucocorticoids are highly effective agents in the treatment of
autoimmune and inflammatory disorders, they can cause adverse
reactions, particularly when administered at high doses and/or for a
prolonged period.

• However, even relatively low dose (in the range of physiologic daily dose
equivalent), long-term glucocorticoid therapy is linked to a range of adverse
outcomes.

• For instance, a British cohort study involving 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 complications, and
increased mortality, compared to those not treated with glucocorticoids.



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, topical, inhaled, intra-nasal, intravenous and 

intra-articular administration.



• While tapering glucocorticoids within the supraphysiologic dose range, 
patients can develop glucocorticoid withdrawal syndrome, which manifests 
with clinical features similar to those of adrenal insufficiency.

•  However, symptoms due to adrenal insufficiency are much more likely to 
develop when overall total daily glucocorticoid dose is below physiologic 
levels, or levels required 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 percentages 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. 

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 asthma.

 Since an estimated minimum of 1% of adult populations (United States and 

United Kingdom) use oral glucocorticoids at any given time , this would imply 

several million people are at risk of developing glucocorticoid-induced 

adrenal insufficiency in these countries alone.



Glucocorticoid exposure via oral administration that poses 
risk for adrenal insufficiency, is expected to at least exceed 

both of the following thresholds:

• Duration of glucocorticoid therapy to pose risk for adrenal 
insufficiency—3-4 weeks, or greater

• Dose of glucocorticoid therapy to pose risk for adrenal 
insufficiency—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)

Definitions



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

• Physiologic daily dose equivalent: Daily glucocorticoid dose 
equivalent to average daily cortisol production (15-25 mg 
hydrocortisone, 4-6 mg prednisone or prednisolone, 3-5 mg 
methylprednisone, 0.25-0.5 mg dexamethasone). 

• Endogenous production of cortisol is estimated to be 9-10 
mg/day. 



• Supraphysiologic glucocorticoid therapy: Any dose greater than 
physiologic daily dose equivalent (see above)

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

• Long-term glucocorticoid therapy: Glucocorticoid therapy greater 
than 3-4 weeks duration with glucocorticoid doses greater than 
physiologic daily dose equivalent of hydrocortisone.



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

• Glucocorticoid withdrawal syndrome: Symptoms experienced 
when lowering glucocorticoid dose within the supraphysiologic 
glucocorticoid dose range, that are not due to the underlying 
disease for which the glucocorticoids were initially prescribed for 
and per definition not due to untreated adrenal insufficiency, 
as the total glucocorticoid daily dose is still supraphysiologic



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. 



Recommendations
1. General recommendations for glucocorticoid 
therapy of non-endocrine conditions and 
recommendations regarding patient education

R 1.1—We recommend that, in general, patients on, 
or tapering off glucocorticoids for non-endocrine 
conditions do not need to be evaluated by an 
endocrinology specialist.



•   Rationale

• Despite their efficacy as anti-inflammatory and 
immunosuppressive 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) . 

• For this reason, clinicians prescribing glucocorticoids for non-
endocrine reasons are advised 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.



• When prescribing clinicians decide that glucocorticoid therapy is 
no longer required, they should educate their patient on 
methods to taper the dose, symptoms of adrenal insufficiency 
and appropriate responses, and proceed to wean the dose 
(Table 2).



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



•    Rationale

• Clinicians prescribing long-term supraphysiologic glucocorticoid 
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 adrenal 
insufficiency, especially when tapering glucocorticoid medication 
below the physiologic daily dose equivalent (see Definitions section). 

• Clinicians should also provide comprehensive guidance on the importance 
of stress dosing with glucocorticoids. (see recommendation 3.1).



• Lastly, all patients initiating a glucocorticoid taper should be 
educated on the possibility of glucocorticoid withdrawal 
syndrome . 

• The symptoms of glucocorticoid withdrawal have substantial 
overlap with symptoms of adrenal insufficiency and in some 
cases a disease flare, and can impede the tapering of 
glucocorticoids (see recommendation 2.3). 

• Anticipation of these potential symptoms can increase 
awareness and minimize the need for urgent care.





R 1.3—We recommend that patients on 
glucocorticoid therapy have access to 
current up-to-date and appropriate 
information 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 .

• We recommend the inclusion of at least one family member 
or primary caregiver in all education sessions.

• Patient education and empowerment to adjust glucocorticoid 
doses according to stressors are essential to prevent severe 
symptoms of adrenal insufficiency and adrenal crisis .



• Poor disease knowledge and lack of awareness of adrenal 
insufficiency subtype diagnosis were associated 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 regarding the prevention of adrenal crisis, as well as 
self- confidence in dealing with the disease



• The risk for developing adrenal insufficiency and the 
potential 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).





2. Recommendations regarding taper 
of systemic glucocorticoid 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. (⊕○○○)



•  While adrenal insufficiency is unlikely after short-term 
glucocorticoid therapy, clinicians should be aware that even 
short-term glucocorticoid treatment can lead to 
complications such as increased incidence of sepsis, 
gastrointestinal bleeding, thromboembolism, and fractures.



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)



•    Rationale

• Glucocorticoids should only be tapered if the underlying disease 
no longer requires glucocorticoid therapy. 

• In general, glucocorticoid taper can be faster and in larger 
decrements if the total daily glucocorticoid dose is high (eg, 
greater than 30 mg of prednisone). 

• 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 complications, 
such as uncontrolled hypertension and hyperglycemia, 
glucocorticoid-induced psychosis, or herpetic keratitis, a 
more rapid glucocorticoid taper towards physiologic daily dose 
equivalent may be required. 

• The pre-test probability of adrenal 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 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 
tapering. 

• It is also important to consider the underlying comorbidities and 
evaluate concurrent drugs that could impact glucocorticoid 
metabolism and overall glucocorticoid exposure.



•  In general, older individuals have reduced drug clearance, 
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.



• We recommend consideration of 

glucocorticoid withdrawal syndrome 

that may occur during 

glucocorticoid taper. 

• When glucocorticoid withdrawal 

syndrome is severe, glucocorticoid 

dose can be temporarily increased 

to the most recent one that was 

tolerated, and the duration of 

glucocorticoid taper could be 

increased. (Good clinical practice)

R 2.3



• Rationale

• Glucocorticoid withdrawal syndrome occurs due to dependence on 
supraphysiologic glucocorticoids while decreasing the dose of 
glucocorticoids .

•  Patients should be informed that glucocorticoid withdrawal symptoms are 
expected to occur during the glucocorticoid dose reduction and what the 
differences are between glucocorticoid withdrawal syndrome, adrenal 
insufficiency, and underlying disease flare.



•  It should be emphasized that an insufficient glucocorticoid supply is 
not expected to occur when the glucocorticoid dose is greater than the 
physiologic daily dose equivalent.  As exceptions, it should be noted that 
the glucocorticoid requirement may be significantly higher in the case 
of critical illness or that glucocorticoid absorption is not guaranteed 
in gastroenteritis. 

• Managing glucocorticoid withdrawal syndrome and glucocorticoid taper in 
these patients may be especially challenging. 

• Patients should be educated on symptoms of glucocorticoid withdrawal to 
avoid anxiety related to unexpected symptoms or reactive, 
unnecessary, or excessive increase in glucocorticoids.



• Glucocorticoid withdrawal syndrome is reported to occur in 40-
67% of patients tapering glucocorticoids following curative 
adrenalectomy in adrenal Cushing syndrome . 

• Duration of exogenous glucocorticoid use, glucocorticoid dose and 
type, and individual susceptibility likely impact the severity and 
duration of glucocorticoid withdrawal, but systematic 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.



• Symptoms are thought to occur due to an abrupt decrease in 
glucocorticoid exposure leading to an increase in inflammatory 
cytokines .

•  Symptoms of glucocorticoid withdrawal syndrome overlap with 
those seen in patients with untreated or not optimally treated 
adrenal insufficiency (Table 5), and most patients with 
glucocorticoid withdrawal syndrome do have concomitant 
adrenal insufficiency. 



• Since symptoms of adrenal insufficiency 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 insufficiency 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 
intervention that may help prevent severe glucocorticoid 
withdrawal symptoms. 



• Clinical severity was calculated based on the presence of physical 
features and comorbidities potentially related to glucocorticoid 
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 glucocorticoid 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 

glucocorticoids, 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, 
suppression of the HPA axis is expected and it is unnecessary 
to test adrenal function. 

• Similarly, testing is unnecessary in patients unable to stop 
glucocorticoid treatment, for example patients with organ 
transplants and in cases of polymyalgia rheumatica. 



R 2.5

• We suggest that patients taking 

long-acting glucocorticoids (eg, 

dexamethasone or 

betamethasone) should be 

switched to shorter-acting 

glucocorticoids (eg, 

hydrocortisone or prednisone) 

when long-acting glucocorticoids 

are no longer needed. (⊕○○○)



•    Rationale

• The use of long-acting glucocorticoids with higher glucocorticoid 
potency predisposes to a more pronounced suppression of HPA axis and 
subsequent adrenocortical function impairment. 

• Long-acting glucocorticoids such as dexamethasone or betamethasone, 
even in physiologic daily dose equivalent, are more likely to cause HPA 
axis suppression, exogenous Cushing syndrome, and glucocorticoid 
withdrawal syndrome when being tapered . 



• 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, 



• 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. 



• Moreover, there is no compelling evidence to switch 
intermediate-acting glucocorticoids such as prednisone to 
hydrocortisone or cortisone acetate to further promote the 
recovery of the HPA axis.



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

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

2. be tested with a morning serum cortisol.
(⊕○○○)





• 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. 

• Once glucocorticoids are tapered down to physiologic 
replacement doses, the panel suggests two possible 
approaches for the discontinuation of glucocorticoid therapy 
(Fig. 2). 



• 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 adrenal 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.



R 2.7—If confirmation of recovery of the HPA axis is 
desired, we recommend morning serum cortisol as the 
first test.

 



As a guide:

1.

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

2.

• we suggest that if the result is between 150 nmol/L or 5 μg/dL 
and 300 nmol/L or 10 μg/dL, the physiologic 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 5 
μg/dL, the physiologic glucocorticoid dose 
should be continued, and the morning cortisol 
repeated after a few months.



Figure 2.Proposed 

approach to systemic 

glucocorticoid 

discontinuation.





•   Rationale

• Due to the ease/convenience of testing, experience and validation, a 
morning serum cortisol level (measured between 8:00 and 9:00 AM, 
after holding glucocorticoid dose for at least 24 hours(excluding 
dexamethasone). ) 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 reaching the range of a physiologic 
equivalent daily dose (eg, prednisone 4-6 mg daily or hydrocortisone 15-
25 mg total daily dose, see Definitions). 

• Patients with very low morning cortisol levels (as a guide: <150 nmol/L (5 
μg/dL)) are very likely to have persistent adrenal insufficiency. In such 
cases, dynamic testing is unlikely to be useful. 



• In patients with higher serum cortisol levels but below 300 
nmol/L (10 μg/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 occurs. 

• If cortisol levels remain between 150 nmol/L (5 μg/dL) and 
300 nmol/L (10 μg/dL), dynamic testing can be considered.



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) . 

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 . 

• 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 
malnutrition), and prolonged critical illness. 



• 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. 

• 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. 



• promising alternative is waking salivary cortisone or 
cortisol.

•  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 

tapering or stopping 

glucocorticoid therapy. 

(⊕○○○)



• 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) .

•  However, if cortisol remains indeterminate (see 2.7), 
dynamic testing can be considered. 

• Dynamic testing options include 250 μg ACTH (1-24) and, less 
commonly, overnight metyrapone and insulin tolerance 
tests.



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 indicative of 

adrenal insufficiency, or
2. using multiple glucocorticoid formulations simultaneously, 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 cytochrome P450 
3A4 inhibitors.



• We suggest that glucocorticoid-induced adrenal insufficiency 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). 

• 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. 



• In patients treated with inhaled glucocorticoids, the risk correlates directly 
with treatment dose and duration.

•  A total of 21.5% (95%CI 12.0-35.5) of patients using high doses of inhaled 
glucocorticoids and 27.4% (95%CI 17.7-39.8) of those treated for more 
than 1 year were found to have biochemical evidence of glucocorticoid-
induced adrenal insufficiency (Table 6).



• Of note, among all inhaled glucocorticoids fluticasone propionate is 
most frequently associated with the development of symptomatic 
glucocorticoid-induced adrenal insufficiency and exogenous Cushing 
syndrome.

• Regarding intranasal glucocorticoid use, the risk of glucocorticoid-
induced adrenal insufficiency is low for short-term use at the 
recommended doses (Table 6). 

• However, several intra-nasal glucocorticoids have high bioavailability 
and glucocorticoid receptor binding affinity, which can result in 
significant systemic exposure after prolonged use.



• 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 suggesting prolonged systemic absorption.

•  We suggest that patients are monitored for signs and 
symptoms of adrenal insufficiency and that healthcare 
professionals have a low threshold for testing especially 
within 2 months of injections and in patients who receive 
simultaneous 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 patients receiving multiple injections and 
higher doses appear to carry a higher risk of glucocorticoid-
induced adrenal insufficiency.



• Most glucocorticoids are metabolized by the hepatic cytochrome P450 
3A4 (CYP3A4). 

• Strong CYP3A4 inhibitors— which include food ingredients such as 
grapefruit juice, several antibiotics, antifungals, and the protease 
inhibitor ritonavir among others—have been shown to significantly 
increase circulating concentrations of glucocorticoids and hence 
substantially increase the risk of suppressing HPA axis. 







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



•   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. 





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 history of adrenal crisis should also be 
evaluated by an endocrinology specialist. 
(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.

•  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.

• The panel suggests that patients with persistent adrenal insufficiency 
while on physiologic daily dose equivalent of glucocorticoids for longer 
than one year should be evaluated by an endocrinology specialist to assess 
for underlying causes of adrenal insufficiency other than glucocorticoid-
induced adrenal insufficiency (eg, pituitary causes).



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 regulated by the 
renin-angiotensin system and potassium levels.

•  Accordingly, mineralocorticoid function is expected to be preserved 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 

recent glucocorticoid use who did not undergo 

biochemical 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 requiring prolonged avoidance or inability of oral intake, 
or when there are signs of hemodynamic instability or prolonged 
vomiting or diarrhea.



















• 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 hemodynamic instability and with no evidence of oral 
glucocorticoid malabsorption (vomiting, diarrhea) or are undergoing 
a surgical procedure under local anesthesia will require coverage 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 12midday, 10 mg 5PM)



• In patients using other glucocorticoid formulations, a dose equivalent to 
40 mg hydrocortisone is suggested and this regime needs to be offered for 
the duration 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 surgery under general or regional 
anesthesia associated with long recovery time, parenteral stress doses 
of hydrocortisone or equivalent doses of other glucocorticoids such as 
methylprednisolone or dexamethasone are recommended (as a general 
guide, see Table 8).



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 insufficiency 
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 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.



• Treatment must not be delayed by laboratory or imaging investigations. If 
an established or impending adrenal crisis is suspected, the patient should 
immediately receive an injection of 100 mg hydrocortisone 
intravenously or intramuscularly followed by rapid volume resuscitation 
withintravenous administration of 0.9% saline solution (or equivalent) .

•  Patients with confirmed adrenal crisis should be maintained on 
hydrocortisone at a dose of 200 mg hydrocortisone per 24 hours 
(preferably by continuous intravenous infusion, alternatively by 
intravenous or intramuscular injection of 50 mg hydrocortisone every 
6 hours) until clinical recovery and further guidance by an endocrinology 
specialist



• In patients with very high body weight, higher doses might 
be considered. Some centers use equivalent parenteral 
doses of other glucocorticoids such as methylprednisolone or 
dexamethasone; head-to-head comparison data of different 
treatment strategies for adrenal crisis are lacking. 



• 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 unconscious.



• These observations highlight the need for prevention 
strategies and education of patients and healthcare 
professionals alike.



Future Research

• Evidence for the majority of above recommendations regarding 
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. 

• There is a need for further definition of risk factors contributing to the 
development and susceptibility of adrenal insufficiency, such as 
genetic predisposition, environmental influences, concurrent 
medication and underlying disease for which glucocorticoid therapy is 
initiated for.



• More specific and predictive tests and follow-up parameters 
(including salivary cortisol and potentially continuous 
monitoring of interstitial cortisol) are needed to identify at-
risk patients who would benefit from dedicated preventive 
intervention.



• 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 exploration of other therapeutic strategies, 
such as concurrent HPA axis stimulation to prevent 
suppression should also be entertained.



• 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 steroid metabolites, the advent of mass 
spectrometry allows for a specific measurement of cortisol. 
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