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References of Consensus 4 on Cortisol Replacement Therapy
in Milder Forms of Adrenal Deficiency in Adults

I) CORTISOL IS ESSENTIAL FOR SURVIVAL OF SEVERELY CORTISOL DEPLETED PATIENTS, AND FOR 
THE MENTAL AND PHYSICAL HEALTH OF ALL ADULTS
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158.Murphy D, West HF. Routine multipurpose gas chromatographic assay for urinary corticosteroids.  J Clin 
Pathol. 1968 May;21(3):372-5

6



159.Dyrenfurth  I,  Sybulski  S,  Notchev V, Beck JC, Venning EH.  Urinary  corticosteroid excretion patterns in 
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excretion in hypercortisolemic states. J Clin Endocrinol Metab. 1979 Mar;48(3):467-71
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III) GLUCOCORTICOID TREATMENT

1) Glucocorticoid medications

Oral Hydrocortisone
207.Mah PM, Jenkins RC, Rostami-Hodjegan A, Newell-Price J, Doane A, Ibbotson V, Tucker GT, Ross RJ. 

Weight-related dosing, timing and monitoring hydrocortisone replacement therapy in patients with adrenal 
insufficiency. Clin Endocrinol (Oxf). 2004 Sep;61(3):367-75

208.van der Heide-Jalving M, Kamphuis PJ, van der Laan MJ, Bakker JM, Wiegant VM, Heijnen CJ, Veen S, van 
Bel F. Short- and long-term effects of neonatal glucocorticoid therapy: is hydrocortisone an alternative to 
dexamethasone? Acta Paediatr. 2003 Jul;92(7):827-35 

Oral glucocorticoid derivatives (prednisolone, methylprednisolone, dexamethasone, …)
209.Frey BM, Frey FJ.  Clinical  pharmacokinetics of  prednisone and prednisolone. Clin Pharmacokinet.  1990 

Aug;19(2):126-46
210.Czock  D,  Keller  F,  Rasche  FM,  Haussler  U.  Pharmacokinetics  and  pharmacodynamics  of  systemically 

administered glucocorticoids. Clin Pharmacokinet. 2005;44(1):61-98

Inhaled glucocorticoids
211.Kelly HW. Comparative potency and clinical efficacy of inhaled corticosteroids. Respir Care Clin N Am. 1999 

Dec;5(4):537-53
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212.Lipworth  BJ.  Systemic adverse effects of  inhaled corticosteroid  therapy:  A systematic  review and meta-
analysis. Arch Intern Med. 1999 May 10;159(9):941-55

Intranasal glucocorticoids

213.Edwards TB. Effectiveness and safety of beclomethasone dipropionate, an intranasal corticosteroid, in the 
treatment  of  patients  with  allergic  rhinitis.  Clin  Ther.  1995 Nov-Dec;17(6):1032-41(“Despite  the  fact  that  
topical  nasal  corticosteroids  such  as  beclomethasone  dipropionate  are  responsible  for  important  
improvements in the treatment of both allergic and nonallergic rhinitis as well as nasal polyposis and chronic 
sinusitis, these drugs may be underused, particularly in the pediatric population”)

2) Glucocorticoid treatment: dosage

214.Minneci  PC, Deans KJ,  Banks SM, Eichacker PQ, Natanson C. Meta-analysis:  the effect  of  steroids on 
survival and shock during sepsis depends on the dose. Ann Intern Med. 2004 Jul 6;141(1):47-56.

215.Bliesener  N,  Steckelbroeck  S,  Redel  L,  Klingmuller  D.  Dose  distribution  in  hydrocortisone  replacement 
therapy  has a  significant  influence  on urine  free  cortisol  excretion.  Exp  Clin  Endocrinol  Diabetes.  2003 
Oct;111(7):443-6

216.Rohleder  N,  Wolf  JM,  Kirschbaum C. Glucocorticoid sensitivity  in  humans-interindividual  differences and 
acute stress effects. Stress. 2003 Sep;6(3):207-22

217.Czock  D,  Keller  F,  Rasche FM,  Haussler  U.  Pharmacokinetics  and  pharmacodynamics  of  systemically 
administered  glucocorticoids.  Clin  Pharmacokinet.  2005;44(1):61-98  (“the  clinical  efficacy  of  low-dose 
glucocorticoid regimens might be increased with twice-daily glucocorticoid administration”)

218.Frey BM, Frey FJ. Clinical pharmacokinetics of  prednisone and prednisolone. Clin Pharmacokinet. 1990 
Aug;19(2):126-46 (“an alternate-day regimen with prednisone yields fewer biological effects”)

219.Lipworth BJ.  Systemic adverse effects of  inhaled corticosteroid therapy:  A systematic review and meta-
analysis. Arch Intern Med. 1999 May 10;159(9):941-55 (“Marked adrenal suppression occurs with high doses 
of  inhaled  corticosteroid  above  1.5  mg/d  (0.75  mg/d  for  fluticasone  propionate),  although  there  is  a  
considerable degree of interindividual susceptibility”)

Efficacy of low doses of gluccorticoids is greater than high doses

220.Williamson DR, Lapointe M. The hypothalamic-pituitary-adrenal  axis and low-dose glucocorticoids in  the 
treatment of septic shock. Pharmacotherapy. 2003 Apr;23(4):514-25  (“Although high-dose glucocorticoids 
have not positively affected clinical outcome, small trials in which low-dose glucocorticoids were administered  
to patients with septic shock and relative adrenal insufficiency have shown decreased mortality”) 

221.Minneci PC, Deans KJ, Banks SM, Eichacker PQ, Natanson C. Meta-analysis: the effect of steroids on 
survival and shock during sepsis depends on the dose. Ann Intern Med. 2004 Jul 6;141(1):47-56. (“The 
efficacy of steroids on septic shock: depends on the lower dose: benefit at low doses and increasing harm at  
higher doses and longer courses”)

3. Frequency of glucocorticoid treatment use

222.Gallant C, Kenny P. Oral glucocorticoids and their  complications.  A review. J Am Acad Dermatol.  1986 
Feb;14(2  Pt  1):161-77  (prescribed  to  over  7% of  hospitalized  patients.  Of  this  group,  some  17% may  
experience adverse effects)

4. Importance to add anabolic hormone supplementation to glucocorticoid treatment:  to assure a good 
anabolic-DHEA or other / catabolic-cortisol balance: for more information read the references on association of 
other hormones in one of the following sections on cortisol and bone density

223.Ferrari E, Cravello L, Muzzoni B, Casarotti D, Paltro M, Solerte SB, Fioravanti M, Cuzzoni G, Pontiggia B, 
Magri F. Age-related changes of the hypothalamic-pituitary-adrenal axis: pathophysiological correlates. Eur J 
Endocrinol. 2001 Apr;144(4):319-29

5. Glucocorticoid treatment: interferences

224.Frey BM, Frey FJ.  Clinical  pharmacokinetics of  prednisone and prednisolone. Clin Pharmacokinet.  1990 
Aug;19(2):126-46

225.Gambertoglio  JG,  Amend  WJ  Jr,  Benet  LZ.  Pharmacokinetics  and  bioavailability  of  prednisone  and 
prednisolone in healthy volunteers and patients: a review. J Pharmacokinet Biopharm. 1980 Feb;8(1):1-52

226.Abernethy DR, Greenblatt DJ. Drug disposition in obese humans. An update. Clin Pharmacokinet. 1986 
May-Jun;11(3):199-213 (the volume  of  distribution  is  in  obese  persons  moderately  increased  for  
prednisolone)
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227.Gerl H, Rohde W, Biering H, Schulz N, Lochs H. Food-dependent Cushing syndrome of long standing with 
mild clinical features Dtsch Med Wochenschr. 2000 Dec 22;125(51-52):1565-8. 

6. Glucocorticoid treatment: safety, side effects, complications

Relative safety of low doses of glucocorticoids

228.da Silva JA, Jacobs JW, Kirwan JR, Boers M, Saag KG, Ines LB, de Koning EJ,  Buttgereit F, Cutolo M, 
Capell H, Rau R, Bijlsma JW. Low-dose glucocorticoid therapy in rheumatoid arthritis. A review on safety: 
published evidence and prospective trial data. Ann Rheum Dis. 2005 Published Online First: 17 August 2005 
(“.. in the available literature on low-dose glucocorticoid therapy very little of the commonly held beliefs about  
the incidence, prevalence and impact (of adverse effects) of glucocorticoids proved to be supported by clear 
scientific evidence. … randomised controlled clinical trials … showed that the incidence, severity and impact 
of adverse effects of low dose glucocorticoid therapy in rheumatoid arthritis trials are modest, and often not  
statistically different to those of placebo. Conclusions: Probably many of the well known adverse effects of  
glucocorticoids are predominantly associated with high dose treatment.”)

229.Strand V, Simon LS. Low dose glucocorticoids in early rheumatoid arthritis. Clin Exp Rheumatol. 2003 Sep-
Oct;21(5 Suppl 31):S186-90 (“low dose glucocorticoid therapy (e.g. < or = 5 mg prednisone per day)”)

230.McConnell EM, Bell PM, Hadden DR, McCance DR, Sheridan B, Atkinson AB. Prevalence of diabetes and 
impaired glucose tolerance in adult hypopituitarism on low dose oral hydrocortisone replacement therapy. 
Clin Endocrinol (Oxf). 2001 May;54(5):593-9

231.Glenn Haugeberg, MD, PhD; Anders Strand; Tore K. Kvien, MD, PhD; John R. Kirwan, MD Reduced Loss of 
Hand Bone Density With Prednisolone in Early Rheumatoid Arthritis. Results From a Randomized Placebo-
Controlled Trial. Arch Intern Med. 2005;165:1293-7

Aggravation of salt loss, correctable by addition of fludrocortisone
232.Bey-Omar F, Feit JP, Forest MG, David M. Aggravation of salt loss due to hydrocortisone in the first days of 

treatment  of  congenital  adrenal  hyperplasia  caused  by  21-hydroxylase  deficiency.  Pediatrie.  1983 
Mar;38(2):77-86 

Allergy reactions due to the excipients in drugs (succinate salt, sulphites, carboxy-methyl-cellulose, ..)
233.Ventura MT, Muratore L, Calogiuri GF, Dagnello M, Buquicchio R, Nicoletti A, Altamura M, Sabba C, Tursi A. 

Allergic  and  pseudoallergic  reactions  induced  by  glucocorticoids:  a  review.  Curr  Pharm  Des. 
2003;9(24):1956-64

Adverse effects of higher doses of glucocorticoids

234.Gallant C, Kenny P. Oral glucocorticoids and their  complications.  A review. J Am Acad Dermatol.  1986 
Feb;14(2  Pt  1):161-77  (prescribed  to  over  7% of  hospitalized  patients.  Of  this  group,  some  17% may  
experience adverse effects)

235.del Rincon I, O'Leary DH, Haas RW, Escalante A. Effect of glucocorticoids on the arteries in rheumatoid 
arthritis. Arthritis Rheum. 2004 Dec;50(12):3813-22

236.Gubba EM, Netherton CM, Herbert J. Endangerment of the brain by glucocorticoids: experimental and clinical 
evidence. J Neurocytol. 2000 May-Jun;29(5-6):439-49.

237.Sholter DE, Armstrong PW. Adverse effects of corticosteroids on the cardiovascular system. Can J Cardiol. 
2000 Apr;16(4):505-11

238.Allen  DB.  Growth  suppression  by  glucocorticoid  therapy.  Endocrinol  Metab  Clin  North  Am.  1996 
Sep;25(3):699-717

7. Glucocorticoid treatment: follow-up 

239.Jerjes  WK,  Cleare  AJ,  Wood  PJ,  Taylor  NF.  Assessment  of  subtle  changes  in  glucocorticoid  negative 
feedback  using  prednisolone:  Comparison  of  salivary  free  cortisol  and  urinary  cortisol  metabolites  as 
endpoints. Clin Chim Acta. 2006 Feb;364(1-2):279-86

4)  SCREENING  for  PROBLEMS  that  MAY  OCCUR  with  the  USE  of  PHYSIOLOGICAL  DOSES  of 
GLUCOCORTICOIDS:

I) Can cortisol or glucocorticoid treatment suppress the secretion of hormones by the adrenal cortex?

Glucocortiocoid  treatments:  may  inhibit  or  even  suppress  the  cortisol  production  by  the  adrenal  glands 
depending upon the dose
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1. Subreplacement doses  

Very low hydrocortisone –  5 to 15 mg per day – do not reduce the pituitary-adrenal axis, even not in CFS 
patients  who  are  more  sensitive  to  such  a  suppression.  Insulin  stress  tests  do  not  show  any  degree  of 
suppression of endogenous adrenal function (ACTH or cortisol) with 5 to 10 mg per day of hydrocortisone.

1. Demitrack MA, Dale JK, Straus SE, Laue L, Listwak SJ, Kruesi MJP, Chrousos G, Gold PW. Evidence for 
impaired activation of the hypothalamic-pituitary-adrenal axis in patients with chronic fatigue syndrome. J Clin 
Endocrinol Metab. 1991;73(6) :1224-34

2. Cleare AJ, Heap E, Malhi GS, Wessely S, O'Keane V, Miell J. Low-dose hydrocortisone in chronic fatigue 
syndrome: a randomised crossover trial. Lancet. 1999 Feb 6;353(9151):455-8  (double blind placebo study 
with low-dose (5 mg or 10 mg daily) hydrocortisone or placebo for 1 month; “Insulin stress tests showed that  
endogenous adrenal function was not suppressed by hydrocortisone”)

On the contrary, an increased adrenal responsiveness to CRH stimulation in patients has been shown 
under this low dose of hydrocortisone 

3. Cleare AJ, Miell J, Heap E, Sookdeo S, Young L, Malhi GS, O'Keane V. Hypothalamo-pituitary-adrenal axis 
dysfunction  in  chronic  fatigue  syndrome,  and  the  effects  of  low-dose  hydrocortisone  therapy.  J  Clin 
Endocrinol  Metab  2001 Aug;86(8):3545-54  (“improvement in fatigue seen in some patients with chronic  
fatigue  syndrome during  hydrocortisone treatment  is  accompanied  by  a  reversal  of  the  blunted  cortisol  
responses to human CRH.”)

Low hydrocortisone -  from 20 mg /day of hydrocortisone to a maximum of 40- 60 mg/day depending on the 
degree of cortisol deficiency: at these doses a significant, but partial, moderate and temporary suppression of 
adrenal cortisol secretion occurs.

4. Swartz  SL,  Dluhy  RG.  Corticosteroids:  clinical  pharmacology  and  therapeutic  use.  Drugs.  1978 
Sep;16(3):238-55

Normal low hydrocortisone – 25 to 35 mg per day: leads to a 20 to 35 % decrease in endogenous ACTH and 
cortisol production in chronic fatigue patients, who have an enhanced negative feedback on the pituitary level. 
After stopping, it may take several days to several weeks to recover the previous adrenocortical status.

5. McKenzie R, O'Fallon A, Dale J, Demitrack M, Sharma G, Deloria M, Garcia-Borreguero D, Blackwelder W, 
Straus SE. Low-dose hydrocortisone for treatment of chronic fatigue syndrome: a randomized controlled trial. 
JAMA. 1998 Sep 23-30;280(12):1061-6  (“some suppression of adrenal glucocorticoid responsiveness was 
documented in 12 patients on 30 who received hydrocortisone compared to none in the placebo group”)

6. Demitrack MA, Dale JK, Straus SE, Laue L, Listwak SJ, Kruesi MJP, Chrousos G, Gold PW. Evidence for 
impaired activation of the hypothalamic-pituitary-adrenal axis in patients with chronic fatigue syndrome. J Clin 
Endocrinol Metab. 1991;73(6):1224-34

5 mg/day of prednisone inhibit in general only during the first 12 hours the cortisol production with the 
only consistent inhibition (-41 to -47 %) 9 hours after of intake

7. Jerjes  WK,  Cleare  AJ,  Wood  PJ,  Taylor  NF.  Assessment  of  subtle  changes  in  glucocorticoid  negative 
feedback  using  prednisolone:  Comparison  of  salivary  free  cortisol  and  urinary  cortisol  metabolites  as 
endpoints.  Clin  Chim  Acta.  2006  Feb;364(1-2):279-86  (“Prednisone  at  midnight  (0h)  caused  a  partial  
inhibition of urine cortisol metabolites that began at 0600 and ceased after 1800; Suppression of salivary  
cortisol  was  only  consistently  seen at  0900:  mean suppression was  41+/-5% in  males  and  47+/-9% in  
females”)

Use  of  exogenous  synthetic  glucocortiocoids  by  inhalation  reduces  the  30  minutes  post-awakening 
cortisol levels (mildly for inhaled use, up to -60 % for systemic use at high doses, but no inhibitory effect 
on cortisol levels 12 h after 
8. Masharani U, Shiboski S, Eisner MD, Katz PP, Janson SL, Granger DA, Blanc PD. Impact of exogenous 

glucocorticoid  use  on  salivary  cortisol  measurements  among  adults  with  asthma  and  rhinitis. 
Psychoneuroendocrinology. 2005 Sep;30(8):744-52
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