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… widely used in clinical practice (1-2% of the Western world, 3% in 
women older than 80 years) to control the activity of autoimmune, 
inflammatory, and allergic diseases, neoplasms of the hematopoietic system, 
and other diseases … 

… administered through a variety of routes including oral, inhaled, nasal, 
topical, nasal, intra-articular, paratendinous or other soft tissue injections as 
well as systemic therapies…

… Rheumatoid arthritis …

(1948 Hench, 1995 “disease-modifying drugs, DMD”) …

Glucocorticoid treatment



Low-dose 
(≤ 7.5 mg/d prednisone)

Medium-high-dose 
(>7.5 and ≤ 100 mg/d prednisone)



The EULAR Glucocorticoid Task Force has
already published several recommendations over
the last years such as those on the standardised
nomenclature for GC dosages and treatment
regimens, on the management of systemic GC
therapy in rheumatic diseases, and on monitoring
adverse events of low-dose GC therapy.
Recent work of this group dealt with the question
under which conditions long-term treatment with
GC has an acceptably low level of harm.
As a result, the task force members agreed that
the risk of harm is low for the majority of
patients at long-term dosages of ≤5 mg
prednisone equivalent per day, whereas at
dosages of >10 mg/day the risk of harm is
elevated. At dosages between >5 and
≤10 mg/day, patient-specific characteristics
determine the risk of harm. This means general
and glucocorticoid-associated risk factors and
protective factors such as a healthy lifestyle should
be taken into account when evaluating the actual
and future risk.



GC Equivalent
(replacement) 

doses (mg)

Anti-inflammatory potency
(GR)

MR potency T ½ (h) Duration of 
action (h)

Short-acting

Cortisone acetate 25 0.8 1.5 0.5 8-12

Hydrocortisone 20 1 2 1.5-2 8-12

Intermediate-acting

Prednisone 5 4 1 1 18-36

Prednisolone 5 4 1 2-3.5 18-36

Methylprednisolone 4 5 0 1.5-3 18-36

Meprednisone 4 5 0 3.5-4 12-36

Triamcinolone 4 5 0 3.5-4 18-36

Paramethasone 2 10 0 3.5-4 12-36

Fluprednisolone 1.5 15 0 3.5-4 12-36

Long-acting

Betamethasone 0.6 25-50 0 5.5 36-54

Dexamethasone 0.75 26 0 2-3.5 36-54

GlucocorticoidsMR - Glucocorticoid - GR
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Glucocorticoid: biological effects

HPA



Paragliola RM et al., Int J Mol Sci 2017; 18: 2201



… All available forms of steroids with glucocorticoids activity are capable of
producing Cushing’s syndrome…

… The development of Cushingoid signs and symptoms is generally related to dose
and duration of treatment.
Although supra-physiological doses (> 5 mg/d of prednisone) are usually
required before patients manifest significant Cushingoid effects, some patients, in
particular those on GCs following renal trnsplant, can develop Cushingoid appearance
with chronic administration of lower doses as little as 5 mg/d of prednisone…

Exogenous Cushing’s syndrome



Retrospective, record-linkage, open-cohort study spanning primary and hospital care in England
70,683 oral glucocorticoid users (49,6% polymyalgia rheumatica, 28.3% rheumatoid arthitis)
aged ≥ 18 years, registered in 389 practices in 1998 to 2017



Retrospective, record-linkage, open-cohort study spanning primary and hospital care in England
70,683 oral glucocorticoid users (49,6% polymyalgia rheumatica, 28.3% rheumatoid arthitis)
aged ≥ 18 years, registered in 389 practices in 1998 to 2017

for every increase in daily dose of 5 mg the risk increased by 9%



Cushing’s syndrome secondary to topical glucocorticoids

JoeE EK Dermatol Online J 2003; 9:16-20

Asthma and Cushing’s syndrome

Wilson AM Chest 2000; 117: 593-594

Iatrogenic Cushing’s syndrome due to nasal betamethasone: a problem not to be 
sniffed at! 

Nutting CM Postgrad Med J  1995; 71: 231-232

… halobetasol propionate and betamethasone propionate for 6 months….

… fluticasone propionate = mometasonefuroate > budesonide = beclomethasone
dipropionate > triamcinolone acetonide = flunisolide …
… high doses (0.75 mg/day for fluticasone propionate; 1.2-2.6 mg/day for budesonide,
beclomethasone dipropionate)

… betamethasone for 2 years….

Four cases of secondary Cushingoid state following local triamcinolone acetonide 
(Kenacort) injection

Jansen TL et al. Neth J Med 2002; 60: 151-153

… triamcinolone acetomide one local injection….



Hochberg Z et al., Endocr  Rev 2003; 24: 523-538

Hormone
deprivation

Adrenal
insufficiency

Withdrawal syndrome



Adrenal insufficiency

… if GC are stopped suddenly in chronic users … in acute situations (low doses)



… The exact dose and duration of treatment required for significant HPA
suppression vary between individuals …

… Some Authors ‘’feel’’ that oral GC treatment of less than 3 weeks
duration will not lead HPA axis suppression, no matter what the steroid
dose, and therefore patients can be discontinued from steroid therapy
immediately and safely up to that point.

… Others believe that at high doses (equivalent to oral prednisone 20-
30 mg day), significant HPA suppression can occur after as little as 5
days, but that at lower doses (equivalent to oral prednisone ≤7.5 mg
day ), suppression is unlikely to occurr in less than 1 month.



1946-2016
73 articles (3166 patients)

1975-February 2014
74 articles
136 study groups (3753 participants)



administration form



< 1 month

1 month – 1 year

> 1 year

< 10 mg

10-20 mg

> 20 mg

duration - dose



disease



Retrospective, record-linkage, open-cohort study spanning primary and hospital care in England
70,683 oral glucocorticoid users (49,6% polymyalgia rheumatica, 28.3% rheumatoid arthitis)
aged ≥ 18 years, registered in 389 practices in 1998 to 2017



Retrospective, record-linkage, open-cohort study spanning primary and hospital care in England
70,683 oral glucocorticoid users (49,6% polymyalgia rheumatica, 28.3% rheumatoid arthitis)
aged ≥ 18 years, registered in 389 practices in 1998 to 2017

for every increase in daily dose of 5 mg the risk increased by 7%



Clinical presentation

… diagnosis delayed …



Diagnosis: How ?

1. Baseline hormonal evaluation

Morning cortisol (h 7-9) “in unstressed patients”

Normality: > 15-18 µg/dl (400-500 nmol/l)

HPA-insufficiency:< 3-5 µg/dl (80-110 nmol/l)
(specificity 100%, low sensitivity)

Grinspoon & Biller 1994; JCEM 79: 923-931
Oelkers 1996; NEJM 335: 1206-1212
Courtney et al 2000; Clin Endocrinol 53: 431-436
Schmidt et al 2003; JCEM 88: 4193-4198
Arlt & Allolio 2003; Lancet 361: 1881-1893
Arlt 2009; JCEM 94: 1059-1067
Grossman 2010; JCEM 95: 4855-4863
Crowley et al 2014; JCEM 99: 4027-4036
Fleseriu M et al 2016; JCEM 101:3888-3921



… No single test is able to identify all patients …  clinical judgement is 
decisive in the assessment, re-assessment and follow-up of these patients…

2. Dynamic hormonal evaluation

Fleseriu M et al 2016; JCEM 101:3888-3921

ACTH test 250 µg or 1 µg

Diagnosis: When ?
… We suggest that clinicians perform biochemical testing for the HPA axis 

at least 18–24 hours after the last HC dose or longer for synthetic GCs …



Recovery at 5 years
Ectopic 82%, 0,6 years
CD 58%, 1,4 years
CS 38%, 2,5 years

1983-2014
Retrospective study
91 pts



The effect of long-term glucocorticoid therapy on pituitary-adrenal responses to 
exogenous corticotropin-releasing hormone

Schlagheke R et al.   N Engl J Med 1992; 326: 226-230

… 279 patients and 50 normal subjects …5 to 30 mg of prednisone for from 1 week to 15
years…
… Neither dose, duration, nor basal plasma cortisol concentrations could be used
reliably to predict pituitary-adrenal function …

Suppression and recovery of adrenal response after short-term, high-dose
glucocorticoid treatment
Henzen C. et al. Lancet. 2000; 355:542-545

… 75 patients… 25 mg prednisone daily for between 5 days and 30 days..
… There was no correlation between plasma cortisol concentrations and the
duration or dose of glucocorticoid treatment …

… potency, dose and duration of GC use are important but
imperfect predictors of HPA suppression …

HPA-axis recovery



Hochberg Z et al., Endocr Rev 2003; 24: 523-538

GC withdrawal syndrome

1

2

3 Psychological dependance



Tapering schedules

Adrenal insufficiency

GC withdrawal syndrome

Stress-doses



Guerrero Perez F et al., JEI 2017; 40: 1175-1181

Tapering schedules

GCs should be tapered as rapidly as clinically feasible…
ideally within 3 to 6 months …

Prednisone or equivalent

EULAR 2016-2017-2018



Hopkins RL et al., Endocrinol Metab Clin N Am 2005; 34: 371-384

Switch to… or alternate day therapy



Porter J. et al. Arch Dis Childh 2017; 102: 199-2015 

DR-HC
(Plenadren 5-20 mg)

CHRONOCORT

HC (10 mg)

Switch to …



HPA-axis modulators ? 

Synacthen depot
(1 mg/ml)

Bupropion
(cp 150 mg)

Sibutramine
(cp 10-15 mg)

Norepinephrine SerotoninNorepinephrine

DopamineNorepinephrine



Stress-doses

Borstein SR et al., J Clin Endocrinol Metab. 2016;101:364-389



Take Home Messages
❖ Tutte le forme disponibili di steroidi con attività

glucocorticoidea possono causare la sindrome di Cushing
e/o l’insufficienza surrenalica.

❖ Dal momento che non esistono predittori sicuri del rischio
di sviluppare la sindrome di Cushing e/o l’insufficienza
surrenalica, la soglia entro cui testare gli utilizzatori di
glucocorticoidi dovrebbe essere ampia nella pratica
clinica.

❖ Nessun singolo test ormonale è in grado di identificare
correttamente tutti i pazienti con insufficienza surrenalica,
mentre il giudizio clinico è decisivo nella valutazione,
rivalutazione e nel follow-up dei pazienti sospetti.

❖ La ripresa funzionale dell’asse HPA richiede tempi diversi
da caso a caso.

❖ Non esistono evidenze circa l'efficacia e la sicurezza dei
diversi regimi di riduzione della terapia steroidea e tutti
si basano su un basso grado di evidenza.
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