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Objectives

• Define Adrenal Insufficiency and 
the concept of “Adrenal Fatigue”

• Review corticosteroid 
replacement in patients with 
adrenal insufficiency

• Discuss new therapies for 
patients with adrenal 
insufficiency



Adrenal steroids
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Adrenal Insufficiency

http://healthfoxx.com/wp-content/uploads/2012/02/primary-secondary-adrenal-insufficiency.jpg



Adrenal Insufficiency

• Symptoms and signs depend upon:
• Rate and extent of loss of 

adrenal function
• Whether mineralocorticoid 

production is preserved
• Degree of stress 

• Onset – often very gradual
• May go undetected until an illness or 

other stress precipitates adrenal crisis

https://adrenals.eu/wp-content/uploads/2016/03/Adreneal-inssinss-160208V2Engels-2.png



Clinical and laboratory findings suggesting 
Adrenal Insufficiency/Adrenal crisis

Dehydration, hypotension, or shock 
out of proportion to severity of 

current illness

Nausea and vomiting 
with a history of weight 

loss and anorexia

Abdominal pain
“acute abdomen”

Unexplained 
hypoglycemia Unexplained 

fever

Hyponatremia, hyperkalemia, 
hypercalcemia

Hyperpigmentation 
or vitiligo Other autoimmune endocrine 

deficiencies



“Adrenal Fatigue”



History of adrenal glands and the concept of 
“Adrenal Fatigue” 
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Charles Eucharist de Medici Sajous 

Proposed three clinical forms of hypoadrenia:

• Functional hypoadrenia, a form in which the adrenals, though not the seat of 
organic lesions, are functionally deficient because of tardy development, 
debilitating influences such as fatigue, starvation, etc. and old age
• In adults it developed when "as a result of the vicissitudes of our existence" the 

adrenals were exhausted by the strain of exercise or labour.

• Progressive hypoadrenia or Addison 's disease, a form in which the functions 
of the adrenals or their secretory nerves are progressively impaired by 
organic lesions, tuberculosis, cancer, fibrosis etc.

• Terminal hypoadrenia, a late complication of infectious diseases and 
toxaemias, owing to exhaustion of the secretory activity of the adrenals 
during the earlier and febrile stage of the causative disease.

Tattersall RB. Med Hist. 1999 Oct;43(4):450-67.



https://adrenalfatiguesolution.com/history-of-adrenal-fatigue/



https://adrenalfatigue.org/



https://adrenalfatigue.org/



• Predisposing factors

• Key signs and symptoms

• Energy Patterns

• Frequently Observed 
Events

• Food Patterns

• Aggravating Patterns

• Relieving Factors

https://adrenalfatigue.org/



https://adrenalfatigue.org/



https://adrenalfatigue.org/faq-on-adrenal-fatique/



https://static1.squarespace.com/static/56d89a8b2b8dde29d8eb47ac/t/593a8f9ae6f2e1d2faf90e0a/1497010081623/



https://adrenalfatigue.org/product-category/all-supplements/

What can you do? 





Akturk HK et al. Mayo Clin Proc. 2018 Mar;93(3):284-290. 

Over-the-Counter "Adrenal Support" Supplements 
Contain Thyroid and Steroid-Based Adrenal Hormones.



Ross IL et al. S Afr Med J. 2018 Aug 28;108(9):724-725. 

Hormone Health Network."Adrenal Fatigue | 
Hormone Health Network." Hormone.org, 
Endocrine Society, 9 December 2020, 
https://www.hormone.org/diseases-and-
conditions/adrenal-fatigue



Etiology of symptoms

• Anemia

• Arthritis

• Diabetes

• Heart Failure

• Obstructive Sleep Apnea

• Fibromyalgia

• Autoimmune disease

• Depression

• Anxiety disorder

• Poor diet

• Tobacco/alcohol 

• Stress at work or home

• Deconditioning

• Lack of exercise

Adrenal Insufficiency



Bancos I et al. Lancet Diabetes Endocrinol. 2015 Mar;3(3):216-26. 



Bancos I et al. Lancet Diabetes Endocrinol. 2015 Mar;3(3):216-26. 



Diagnosis of Adrenal Insufficiency

• Basal Cortisol
• < 5 μg/dL (< 3 μg/dL)
• > 15μg/dL – normal 

• ACTH concentration elevated more than 2-fold above the upper limit (PAI)
• ACTH > 66 pmo/L- maximum stimulus for cortisol secretion

• DHEAS
• If > 80 μg/dL – AI unlikely

• Plasma renin and aldosterone – PAI to r/o mineralocorticoid deficiency

• Dynamic testing
• Corticotropin stimulation  - gold standard for primary adrenal insufficiency
• Insulin Tolerance Test – gold standard for secondary adrenal insufficiency
• Metyrapone
• CRH stimulation

Bornstein SR et al. J Clin Endocrinol Metab. 2016 Feb;101(2):364-89. 



Al-Aridi R et al. Endocr Pract. 2011 
Mar-Apr;17(2):261-70.

Biochemical diagnosis 
of adrenal 

insufficiency: the 
added value of DHEAS 

measurements



Dynamic testing

• Corticotropin Stimulation tests
• 250 mcg corticotropin IV 

• Peak cortisol levels < 18 μg/dL (assay 
dependent) at 30 or 60 minutes
• 30 mins – 15.2 – 20.8 μg/dL 

• Consider factors that can affect the 
interpretation of results
• Factors that alter protein binding of cortisol 

to CBG and albumin
• Critical illness
• Nephrotic syndrome
• Liver disease
• OCP use or pregnancy

• Assay 

Mayenknecht J et al. J Clin Endocrinol Metab. 1998 May;83(5):1558-62. 



El-Farhan N et al. Clin Endocrinol (Oxf). 2013 May;78(5):673-80. 

Assay-specific estimated lower reference limits
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Samarasinghe S et al. Endocr Pract. 2017 Aug;23(8):989-998. 

Biotin interference



Glucocorticoid Replacement Therapy

• Endocrine Society Clinical Practice Guideline (2016)
• Recommend glucocorticoid therapy in all patients with confirmed PAI

• Hydrocortisone 15-25 mg or cortisone acetate 20-35mg in 2-3 divided 
doses per day

• Prednisolone 3-5 mg/d once or twice daily

• Do not use dexamethasone

• Monitor using clinical assessment: body weight, postural blood 
pressure, energy levels, signs of glucocorticoid excess

• No hormonal monitoring

Bornstein SR et al. J Clin Endocrinol Metab. 2016 Feb;101(2):364-89. 



Mah PM et al. Clin Endocrinol (Oxf). 2004 Sep;61(3):367-75.



Behan LA et al. Clin Endocrinol 
(Oxf). 2011 Oct;75(4):505-13. 

Optimizing 
glucocorticoid 

replacement therapy 
in severely

adrenocorticotropin-
deficient hypopituitary 

male patients



Porter J et al. Arch Dis Child. 2017 Feb;102(2):199-205. 

Modified-Release Hydrocortisone



Restoration of a more physiological 
circadian glucocorticoid rhythm by 
switching to a once-daily, modified-
release regimen reduces bodyweight, 
normalises the immune cell profile, 
reduces recurrent infections, and 
improves the quality of life of patients 
with adrenal insufficiency.

Isidori AM et al. Lancet Diabetes Endocrinol. 2018 Mar;6(3):173-185.



Continuous subcutaneous glucocorticoids 
(Hydrocortisone pumps)

https://clearlyaliveart.com/wp-content/uploads/2015/05/cortisol-
pump-back-1024x576.jpg?189db0&189db0

http://media.endocrinologyadvisor.com/images/2016/10/25/insulinpumpset101
6_1079868.jpg?format=jpg&zoom=1&quality=70&anchor=middlecenter&width=
320&mode=pad



Gagliardi L et al. J Clin Endocrinol Metab. 2014 Nov;99(11):4149-57. 



Immunomodulatory 
and Regenerative 

therapies

Gan EH, Pearce SH. Eur J Endocrinol. 2017 
Mar;176(3):R123-R135



Restoration of Residual Adrenal Function 

Pearce SH et al. J Clin Endocrinol Metab. 2012 Oct;97(10):E1927-32.

Rituximab 



Napier C et al. J Clin Endocrinol Metab. 2020 Apr 1;105(4):e1250–9. 



Gene Therapy

Markmann S et al. Hum Gene Ther. 2018 Apr;29(4):403-412. 

Adrenal zonation and cell renewal

Design of the vectors



Novel and tested strategies for the 
treatment of adrenal insufficiency: 

Cell Transplantation

Ruiz-Babot G et al. Front Endocrinol (Lausanne). 2015 May 6;6:70. 



Liew SY et al. Curr Opin Endocr Metab Res. 2019 Oct;8:152-159. 



Adrenal Insufficiency and COVID-19

• Patients with adrenal insufficiency 
have an increased risk of infection due 
to their depleted innate immunity, 
characterised by increased monocytes 
and decreased cytotoxic natural killer 
cells, which could facilitate the 
worsening of a SARS-CoV-2 infection 
into severe acute respiratory distress 
syndrome.

Isidori AM at al. Lancet Diabetes Endocrinol. 2020 Jun;8(6):472-473. 



Almeida MQ, Mendonca BB. Clinics (Sao Paulo). 2020 Jun 12;75:e2022.

• In cases of persistent fever or 
progression of respiratory 
damage to severe pneumonia, an 
initial bolus of 50–100 mg of 
hydrocortisone followed by 
continuous intravenous infusion 
of 200 mg of hydrocortisone
would be the most appropriate 
replacement for patients with 
adrenal insufficiency.

Isidori AM at al. Lancet Diabetes Endocrinol. 
2020 Jun;8(6):472-473. 

Adrenal Insufficiency and Glucocorticoid Use 
During the COVID-19 Pandemic



Mortality in patients with 
adrenal insufficiency1

• Infectious diseases

• Cardiovascular disease

• Malignancy

• Adrenal crisis
• 15% of patients2

1 Bergthorsdottir R et al. J Clin Endocrinol Metab. 2006 Dec;91(12):4849-53.
2 Erichsen MM et al. Eur J Endocrinol. 2009 Feb;160(2):233-7.



Hahner S et al. J Clin Endocrinol Metab. 2015 Feb;100(2):407-16.

Precipitating 
factors of 

Adrenal Crisis



Patient Education

Hahner S. Ann Endocrinol (Paris). 2018 Jun;79(3):164-166. 
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