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Abstract
Background Addison’s disease (AD) is a rare disorder and among adult population in developed countries is most commonly 
caused by autoimmunity. In contrast, in children genetic causes are responsible for AD in the majority of patients.
Purpose This review describes epidemiology, pathogenesis, genetics, natural history, clinical manifestations, immunological 
markers and diagnostic strategies in patients with AD. Standard care treatments including the management of patients during 
pregnancy and adrenal crises consistent with the recent consensus statement of the European Consortium and the Endocrine 
Society Clinical Practice Guideline are described. In addition, emerging therapies designed to improve the quality of life and 
new strategies to modify the natural history of autoimmune AD are discussed.
Conclusions Progress in optimizing replacement therapy for patients with AD has allowed the patients to lead a normal life. 
However, continuous education of patients and health care professionals of ever-present danger of adrenal crisis is essential 
to save lives of patients with AD.

Keywords Addison’s disease · Primary adrenal insufficiency · Natural history of Addison’s disease · Autoimmune 
polyendocrine syndromes · Therapy of Addison’s disease

History

In 1563 one of the greatest anatomist of the Renaissance 
period, Bartolomeo Eustachius described the adrenals for 
the first time as “de glandulis quae renibus incumbunt” 
[1]. Three hundred years later, in 1855, Thomas Addison 
at Guy’s Hospital in London described the symptoms and 
signs observed in 11 patients who died from a disease of 
the adrenals “anaemia… fleebleness of the heart action… a 
peculiar change of color in the skin occurring in connection 
with a diseased condition of the suprarenal capsules defin-
ing this disorder melasma suprarenale” [2]. In his report, 
Addison demonstrated that the adrenals in six of these 
patients were affected by tuberculosis, in three by cancer, by 

hemorrhage in one, and by idiopathic fibrosis in one. In the 
case of idiopathic fibrosis, he noted that “The two adrenals 
together weighed 49 grains, they appeared exceedingly 
small and atrophied, so that the diseased condition did not 
result as usual from a deposit either of a strumous or malig-
nant character, but appears to have been occasioned by an 
actual inflammation, that inflammation having destroyed the 
integrity of the organs, which finally led to their contraction 
and atrophy”. Almost certainly, this was the first published 
description of an autoimmune adrenalitis and of a multiple 
autoimmune syndrome, as the patient also presented with 
vitiligo [2]. In 1856, Trousseau termed the adrenal insuf-
ficiency as “bronze Addison’s disease” [3] which later has 
become known widely as Addison’s disease (AD).

Epidemiology

AD is a rare condition [4–6]. The reported prevalence in 
Europe has been increasing over time from 39 cases/mil-
lion in England in 1968 [7], 60 in Denmark in 1974 [8], 
93 in Coventry (UK) in 1992 [9], 110 in Nottingham (UK) 
in 1993 [10], 117 in Italy in 1996 [11] to 144 in Norway 
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in 2007 [12] and 131 in Sweden in 2009 [13]. The highest 
prevalence has been reported in Iceland in 2016, with 221 
cases/million [14]. Data from other parts of the world are 
sparse and report generally lower occurrence; for example, 
in Japan the prevalence is of 5 cases/million, 37% of which 
caused by tuberculosis [15].

The estimated incidence of AD in Europe range from 4.4 
to 6.2 new cases/million/year in different studies [10, 12, 
16].

Etiology and pathogenesis

The predominant cause of AD in Europe has varied over 
time. Tuberculosis (TBC-AD) was the most common 
cause (70%) during the 1930s [17] while subsequently, 
due to advancements in TBC prevention and management, 
decreased in the 1960s in the UK to 31% [7], to 17% in Den-
mark in 1970s [8], and most recently reported in only 3% 
of cases in Italy [6]. However, over the last seven decades, 
the overall prevalence of AD in industrialized countries has 
increased worldwide. For example, in Italy AD prevalence 
increased from 53% in the 1960s to 83.7% in more recent 
years [6]. At present, autoimmunity is the predominant cause 
of AD in Europe accounting for 75–96% of all the cases 
[6, 12, 18, 19] with TBC-AD accounting for 10––15% and 
other rare causes for only 5% [6, 18, 20]. In view of the sub-
stantial decrease of TBC-AD and the unchanged prevalence 
of the other non-autoimmune causes, the overall increased 
prevalence of AD represents a real increase of the autoim-
mune form [21].

The prevalence of the various forms of AD differs 
depending on patient geographical provenance and among 
adult or pediatric subjects. For example, 96% of Norwegian 
patients had autoimmune AD (AAD) [12]. Among South 
African patients with AAD 51% were of European origin, 
while none of the Asian or Black African patients had evi-
dence of AAD [22]. In a recent survey of Swedish patients 
with AD, 83.3% had AAD [19]. In adult patients with AD 
in Padua, 77.7% of cases were attributed to autoimmunity, 
9.0% to TBC, 4.6% to genetic forms, 1.6% to cancer, 1% to 
bilateral adrenalectomy, 0.6% to vascular disorders, 0.5% to 
other infections; while in 5.0%, the etiology was not estab-
lished [6]. In children, by contrast, two studies performed 
in Canada [23] and in Turkey [24] reported that the great 
majority of AD was caused by genetic disorders (81–82%). 
Recent epidemiological study reported increased incidence 
and prevalence of AD in patients with type 1 diabetes mel-
litus (DM-1) in Sweden. The incidence of AD in patients 
with DM-1 was tenfold higher compared to healthy popula-
tion, with two annual peaks in February–March and Sep-
tember–October. Furthermore, adrenal failure developed 
at a younger age [16]. In addition to AAD, several other 

disorders may induce adrenal gland insufficiency, including 
infections, causes related to vascular, neoplastic, infiltrative, 
dysmetabolic, or granulomatous diseases. Less frequently, 
use of some medicines or surgical procedures may lead to 
adrenal damage. A detailed list of different causes of AD is 
presented in Table 1.

Autoimmune Addison’s disease (AAD)

AAD occurs more frequently in women and may present 
at any age, although most often develops between 30 and 
50 years of age [6, 12, 19, 25]. About two-thirds of patients 
with AAD present with or may go on to develop other auto-
immune diseases in the context of an autoimmune polyen-
docrine syndrome (APS) including autoimmune thyroid 
disease (AITD), autoimmune gastritis, DM-1, premature 
ovarian failure (POF), vitiligo, or coeliac disease (Table 1) 
[26]. In England, 58% of patients with AAD had associated 
hypothyroidism, 29% pernicious anemia, and 10% DM-1 
[27]. Among Norwegian patients with AAD, 88% had one 
or more additional autoimmune diseases and only 12% had 
the isolated AAD [12]. In Swedish patients with AAD, 
41.7% had hypothyroidism, 22.2% pernicious anemia, 11% 
DM-1, 9.5% hyperthyroidism, 6.3% gonadal failure, 4.8% 
vitiligo, 3.2% celiac disease, 1.6% alopecia and 6.3% other 
autoimmune disorders [19]. Similarly, 88.6% of Italian AAD 
patients had one or more additional autoimmune diseases 
[6].Based on the different combinations of associated auto-
immune diseases, the patients with AAD can be grouped 
into APS-1, APS-2 or APS-4 according to previously pub-
lished classifications [18, 28, 29] as summarized in Table 2.

Autoimmune polyendocrine syndrome type 2 
(APS‑2)

AAD most commonly presents in the context of APS-2 in 
association with AITD and/or DM-1. In addition, other auto-
immune diseases (POF, gastritis, vitiligo, alopecia, hepati-
tis, hypophysitis, celiac disease, etc.) can be present in up 
to 11% of patients [18, 28–33]. APS-2 is linked to Class 
II HLA antigens [34, 35], specifically to HLA-DRB1*03-
DQA1*0501-DQB1*0201(DR3/DQ2) and DRB1*0404-
DQA1*0301 DQB1*0302(DR4.4/DQ8) haplotypes. There 
is also an association between AAD and the class I HLA 
MIC-A 5.1 allele [36]. Other gene polymorphisms contrib-
ute to the genetic risk for AAD, including CIITA (class II 
HLA trans-activator), cytotoxic T-lymphocyte antigen-4 
(CTLA4), PTPN22, STAT4, NLRP1, PD-L1, NALP1, 
FCRL3, GPR174, GATA3, NFATC1, CYP27B1 and the 
vitamin D receptor [37–39]. In an Italian survey, out of all 
patients with AAD, 65.6% presented with APS-2 and AAD 
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Table 1  Classification of primary adrenal failure (Addison’s disease) based on the etiology

Autoimmune
 Isolated or as a part of autoimmune 

polyglandular syndromes (APS)

Isolated
  APS-1 (associated with chronic candidiasis and/or chronic hypoparathyroidism)
  APS-2 (associated with autoimmune thyroid diseases and/or type 1 diabetes mellitus)
  APS-4 (associated with other autoimmune diseases)

Infectious Tuberculous: Mycobacterium hominis, Mycobacterium avium
Bacterial: Neisseria meningitidis, Pseudomonas aeruginosa, Haemophilus influenza, Pasteurella multocida, Strepto-

cocci, Treponema pallidum, Escherichia coli
Fungal: Pneumocystis carinii, Histoplasma capsulatum, Blastomyces dermatitidis, Paracoccidioides brasiliensis, Coc-

cidioides immitis, Cryptococcus neoformans, Candida albicans
Parasitic: Toxoplasma gondii, African trypanosomiasis
Viral: Human immunodeficiency virus, Cytomegalovirus, Herpes simplex virus, Echovirus type 11 and 12.

Infiltrative, dysmetabolic and granu-
lomatous

Amyloidosis
Hemochromatosis
Xanthogranulomatosis
Histiocytic disorders
Sarcoidosis

Genetic and neonatal Impaired steroidogenesis with congenital adrenal hyperplasia (CAH)
   21-hydroxylase deficiency (CYP21A2 mutation)
   11β-hydroxylase deficiency (CYP11B1 mutation)
   3β-hydroxysteroid dehydrogenase type 2 deficiency (HSD3B2 mutation)
   17α-hydroxylase deficiency (CYP17A1 mutation)
   P450 oxidoreductase deficiency (POR mutation)
   P450 side-chain cleavage deficiency (CYP11A1 mutation)
   Aldosterone synthase deficiency (CYP11B2 mutation)
   Cortisone reductase deficiency (HSD11B1 mutation)
   Apparent cortisone reductase deficiency (H6PDH mutation)
Congenital lipoid adrenal hyperplasia (CLAH)
   Disruption of the activity of the steroidogenic acute regulatory protein (StAR) responsible for rapid cholesterol trans-

port into the mitochondrion
Bilateral congenital adrenal hypoplasia or adrenal dysgenesis
   X-linked adrenal hypoplasia congenita (NR0B1/dosage-sensitive sex reversal X-linked gene 1 or DAX-1 mutation)
   Steroidogenic factor 1 deficiency (NR5A1 encoding or SF-1 mutation)
   IMAGe syndrome (CDKN1C encoding cyclin-dependent kinase inhibitor 1C gene mutation)
   MIRAGE syndrome (SAMD9 mutation)
   Pallister–Hall syndrome (GLI3 mutation)
   Meckel syndrome (MKS1 mutation)
   Pena–Shokeir syndrome (DOK7, RAPSN mutation)
   Pseudotrisomy 13
   Hydrolethalus syndrome (HYLS1 mutation)
   Galloway–Mowat syndrome (WDR73 mutation)
Familial glucocorticoid deficiency (FGD) and FGD-like conditions
   FGD type 1 (MC2R encoding the ACTH receptor or melanocortin 2 receptor mutation)
   FGD type 2 (MRAP encoding the MC2R-ancessory protein responsible for translocation of the
   ACTH receptor to the membrane mutation)
   FGD type 3 (StAR mutation, see CLAH)
   FGD type 4 (NNT encoding nicotinamide nucleotide transhydrogenase mutation)
   FGD-DNA repair defect (MCM4 mutation, natural killer cell and glucocorticoid deficiency with DNA repair defect)
Congenital adrenal destruction (e.g., adrenoleukodystrophy, adrenomyeloneuropathy, adrenal calcification, adrenalitis)
   ABCD1 or ABCD2 genes encoding for a peroxisomal membrane transporter protein, X-linked
   PEX 1 (neonatal adrenoleukodystrophy)
   LIPA gene mutation (bilateral adrenal calcification)
   AIRE gene mutation (lymphocyte autoimmune adrenalitis)
ACTH receptor mutation (ACTH-R gene)
Kearns–Sayre syndrome (mitochondrial DNA deletions)
Cholesterol synthesis disorders
   Wolman disease (LIPA mutations)
   Smith–Lemli–Opitz syndrome (DHCR7 mutations)
   Abeta-lipoproteinemia (MTP mutation)
   Familial hypercholesterolemia (LDRL gene mutation)
   Sitosterolemia (ABCG5 gene mutation)
Metabolic lysosomal disorders
   Sphingosine-1-phosphate lyase 1 deficiency (SPGL1 gene mutation)
Triple A syndrome or Allgrove’s syndrome (Triple A gene AAAS encoding WD-repeat protein ALADIN)
Zellweger syndrome (PEX1 and other PEX genes mutation)
Infantil Refsum disease (PHYH and PEX7 genes mutations)
Maternal Cushing’s syndrome (transient adrenal deficiency due to foetal pituitary–adrenal axis suppression)
Autoimmune Polyglandular Syndrome type 1 (AIRE gene mutation, see above)
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developed at a mean age of 34.6 years (range 1–85), with 
female/male ratio of 2.3/1 and adult/children ratio of 16/1 
(Table 2) [6].

Autoimmune polyendocrine syndrome type 1 
(APS‑1)

APS-1, which stands for Autoimmune-Poly-Endocrine-
Candidiasis-Ectodermal-Dystrophy (APECED) syndrome 
[40], is a rare disorder characterized by combination of 
multiple autoimmunities presenting with at least two of the 
three main components: chronic candidiasis (CC), chronic 
hypoparathyroidism (CH) and AAD. Other autoimmune 
(POF, gastritis, AITD, vitiligo, alopecia, DM-1, intestinal 
dysfunction, hepatitis, hypophysitis) and non-autoimmune 
disorders (gall-bladder lithiasis, asplenia) or ectodermal dys-
trophy can be present in up to 31% of patients [18, 41–45]. 
Autoimmune diseases in APS-1 are manifested by respective 
autoantibodies detectable in patients’ sera. Autoantibodies 
to NACHT leucine-rich repeat protein 5 (NALP-5Abs) and 
to calcium-sensing receptor (CaSRAbs) are found in CH, 
autoantibodies to 21-hydroxylase (21-OHAbs) in AAD, 
autoantibodies to side-chain cleavage enzyme (SCCAbs) or 

to steroid 17α-hydroxylase (17α-OHAbs) in POF, autoanti-
bodies to tryptophane hydroxylase (TPHAbs) or l-glutamic 
acid decarboxylase (AADC) in autoimmune gastrointestinal 
dysfunction [42]. Moreover, 85–100% of the patients have 
autoantibodies to IFNsAbs [46–48]. APS-1 is a very rare, 
not sex-linked, monogenic, recessive disorder, characterized 
by mutations of Auto-Immune Regulator (AIRE) gene [33, 
42]. In the thymus, AIRE gene is involved in immune toler-
ance by mediating the expression of many tissue-restricted 
antigens. When AIRE gene mutation occurs, autoreactive 
T cells can escape deletion and trigger an autoimmune 
response [33]. Mutations of AIRE gene result also in pro-
duction of defective Treg cells at peripheral level leading to 
development of APS-1 in young individuals [42, 44, 49]. To 
date, approximately more than hundred different mutations 
have been found throughout the AIRE gene [44]. As a rule, 
APS-1 is inherited in autosomal-recessive manner, although 
dominant AIRE gene mutations have also been reported [50, 
51]. There is no evidence of clear associations between gen-
otype and phenotype expression in patients with APS-1 [49]. 
In our study of Italians patients with APS-1, AAD devel-
oped at a mean age of 15 years (range 2–41 years), with a 
female/male ratio of 2.1/1 and children/adult ratio of 1.5/1. 

Table 1  (continued)

Vascular Traumas
Polyarteritis nodosa
Systemic lupus erythematosus
Primary antiphospholipid syndrome
Waterhouse–Friderichsen syndrome (sepsis associated to Meningococcus, Pneumococcus, Escherichia coli, Haemophi-

lus infections)
Thrombocytopenia
Treatment with anticoagulants (vitamin K antagonists, heparin, fondaparinux)

Pharmacological Adrenolytic drugs
   Aminoglutethimide
   Trilostane
   Mitotane (o,p-ddd)
   Metyrapone
Anticancer agents
   Tyrosine kinase inhibitors (sunitinib, imatinib)
   Immune check-point inhibitors: cytotoxic T-lymphocyte antigen-4 receptor (ipilimumab, tremelimumab) or Pro-

grammed death-1 receptor pathway (nivolumab, pembrolizumab)
Other drugs
   Ketoconazole
   Fluconazole
   Etomidate
   Rifampicin
   Ciproterone acetate

Neoplastic Bilateral primary cancer
   Lymphomas
Bilateral adrenal metastasis
   Usually originating from lymphomas or solid-organ tumors (lung, breast, colon cancers and melanomas)

Surgical Bilateral adrenalectomy for:
   Cushing’s disease
   Bilateral pheochromocytoma
   Macronodular adrenal hyperplasia
   Primary pigmented nodular adrenocortical disease
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Homozygous or combined heterozygous AIRE gene muta-
tions were found in 93% of the patients and different types 
of mutations were detected in patients coming from different 
regions in Italy [6, 29, 43, 45, 52, 53] (Table 2).

Autoimmune polyendocrine syndrome type 4 
(APS‑4)

APS-4 is characterized by AAD associated with other auto-
immune diseases not included in APS-1 or APS-2, thus 
with the exclusion of CC, CH, AITD, or DM-1 [18, 29]. In 
our survey, 8.5% of the patients with AAD presented with 
APS-4, the mean age at onset of AD was 32 years (range 
6–62) with a female/male ratio of 1.2/1 and adult/children 
ratio of 5.3/1. There was an association with HLA DR3 [6] 
(Table 2).

Isolated form

Isolated AAD is defined by the absence of other clinical 
or latent autoimmune diseases. In Italian patients, isolated 
AAD was determined in 11.4% of the all cases, and it devel-
oped at a mean age of 28 years with a male/female ratio of 
1.7 [6] (Table 2).

Monitoring for associated autoimmune diseases

The European Expert Consensus [26] and the Endocrine 
Society [54] suggested that patients with AAD should be 
screened for thyroid and gastric autoimmunity, DM-1, POF 
or celiac disease annually. In addition, we suggest that 
patients with clinically isolated AAD should have other 
non-adrenal autoantibody status tested at diagnosis and 
periodically every 2–3 years to monitor for development of 
associated autoimmunities [6]. Positive patients would be 
considered at risk of developing subclinical or overt associ-
ated autoimmune diseases.

Pathological findings

The volume and weight of the adrenals in AAD may be normal 
or reduced [55]. Adrenal histology shows lymphocytic infiltra-
tion of all the layers of the adrenal cortex with plasma cells, 
macrophages and fibrosis. Islets of regenerating adrenocortical 
cells are also found. Immunohistochemistry shows infiltration 
by activated T lymphocytes. The adrenal medulla is spared, 
unlike in the other non-autoimmune forms of AD [56].

Family history of AAD and of other autoimmune 
diseases

In a Norwegian [12] and in a Swedish cohort [19] with 
AAD, 10% and 6.4% had another family member with AAD, 

respectively. In our study [6], a family history of AAD was 
found in 2% of AAD in APS-2 patients and in 25% of those 
with APS-1 (Table 2). Descriptions of twins with AAD have 
been rarely reported and in a cohort of 112,100 Swedish 
twins, there were 29 pairs with AAD. Five of 9 monozygotic 
pairs (55%) were concordant for AAD compared to none of 
15 dizygotic pairs [57].

In the families of patients with AAD, the occurrence of 
other autoimmune diseases is higher compared to healthy 
population [21].

Pathogenesis

Adrenal cortex autoantibodies (ACA) were first detected 
in 1962 [58] by indirect immunofluorescence and for 
many years were the only markers of AAD [18]. In 1992, 
21-OH was identified as the autoantigen [59–61] and 
subsequently radioimmunoassays (RIA) and ELISA for 
21-OHAbs have been developed [62–65]. The prevalence 
of ACA and 21-OHAbs in our patients with AAD at the 
onset of the disease is summarized in Table 2. Two Inter-
national Programs have been carried out for 21-OHAbs 
standardization assessing the sensitivity and specificity of 
different assays [66, 67]. 21-OH Abs are excellent mark-
ers of adrenal autoimmunity; however, they do not appear 
to be involved in the pathogenesis of AAD. For exam-
ple, although 21-OHAbs inhibit 21-OH enzyme activity 
in vitro [68, 69], they do not have an effect in vivo [70]. 
However, structural studies have shown that 21-OHAb 
binding epitope is located close to the reductase bind-
ing site on the 21-OH molecule [71, 72]. Furthermore, 
21-OHAbs that are of IgG class and can cross placenta 
do not cause hypoadrenalism in newborns [73]. AAD 
is a T cell-mediated disease due to cytotoxic effects of 
 CD8+ T lymphocytes infiltration, rather than an autoanti-
body-mediated disease. Patients with AAD have also an 
impaired suppressive function of  CD4+CD25+ regulatory 
T cells [74] and a specific proliferative response of T cells 
against 21-OH peptide (amino acids 342–361) has been 
demonstrated in mice immunized with recombinant 21-OH 
[75]. Another study has shown that specific  CD8+ T cells 
from patients with AAD were able to lyse target cells 
expressing 21-OH [76]. In AAD, hypothetical pathogenic 
environmental factors (viral infections, stress, cigarette 
smoking, pollutants or other not yet defined agents) have 
been postulated. A hypothetical mechanism of autoim-
mune aggression against adrenal cortex cells is illustrated 
in Fig. 1 [77].



1412 Journal of Endocrinological Investigation (2019) 42:1407–1433

1 3

Natural history

AAD is a chronic disease with a long prodromal period 
marked by the presence of ACA/21-OHAbs. The value of 
ACA/21OHAbs in predicting AAD was first described in 
1983 [78]. They can be found in 30–47% of patients with 
CH and/or CC, in 5–10% with POF and in 0.5–2.0% with 
other autoimmune diseases [18, 77, 79–87]. Patients with 
ACA/21OHAbs should be evaluated by ACTH test using 
250 μg of synthetic corticotropin [88]. This simple test can 
help to identify five stages of adrenocortical impairment [88] 
(Table 3). Stage 0 is characterized by a normal response 
to ACTH (potential AAD). Stage 1 is revealed by high 
plasma renin levels alone and can be considered the “point 
of no return” towards adrenal insufficiency for patients with 
APS-1 (Fig. 2). Stage 2 is characterized by increased renin, 
low aldosterone, normal basal cortisol and ACTH levels, but 
low cortisol response in ACTH stimulation test and is recog-
nized as the “point of no return” in the progression to adre-
nal insufficiency for patients with APS2 or APS4  (Fig. 2). 

Stage 3 is indicated by elevation of ACTH with normal/
low basal cortisol levels. Finally, Stage 4 is denoted by very 
high renin and ACTH levels with markedly low cortisol and 
aldosterone levels and is associated with the overt symptoms 
of adrenal failure [89]. The natural history of AAD is sum-
marized in Fig. 2. 

Taken together, these observations suggest that the zona 
glomerulosa is first affected or the most susceptible to the 
autoimmune damage. The zona fasciculata is damaged later, 
probably protected by local release of glucocorticoids or its 
greater thickness. In some patients, adrenal failure does not 
progress through these chronological stages and the first 
abnormality found is an increase of ACTH [90, 91].

One study which included 143 patients followed for 
1–33 years suggested that the risk of AAD is very high in 
patients with APS-1 but low in those with APS-2/APS-4. 
Patients developed AAD within 19 years from their first 
autoantibody detection, and after this period the risk was 
virtually absent [87, 89]. Three independent risk factors for 
progression to AAD were identified and these included male 

Table 2  Main features of autoimmune Addison’s disease (AAD) according to the associations with other autoimmune diseases (personal data)

AAD
No. 498, mean age 36 years, range 1–85 years, female/male ratio 2.5

Subgroups (%) APS-2 (68%) APS-1 (12%) APS-4 (9%) Isolated (11%)
Female/male ratio 2.3/1 2.1/1 1.2/1 0.6/1
Adult/children ratio 16/1 0.8/1 5/1 3.9/1
Mean age at onset of AAD (range) 34.6 years (1–85) 15.0 years (2–41) 32.0 years (6–62) 28.0 years (3–62)
Class II HLA antigen DRB1*03/04 Absent ? DRB1*03
AIRE gene mutation Absent 93% Absent Absent
Family history for autoimmune Addison’s disease 2% 25% 2% 2%
Family history for other autoimmune diseases Present Present Present Present
Main autoimmune diseases
 Chronic candidiasis Absent 76% Absent Absent
 Chronic hypoparathyroidism Absent 90% Absent Absent
 Autoimmune thyroid diseases (clinical or latent) 93.8% 41% Absent Absent
 Type 1 diabetes mellitus (clinical or latent) 15.5% 6.0% Absent Absent
 Autoimmune gastritis (clinical or latent) 12.1% 32% 11.9% Absent
 Premature ovarian failure (clinical or latent) 13.8% 39% 21.7% Absent

Ectodermal dystrophy Absent Present Absent Absent
IFNω Autoantibodies Absent 95.8% Absent Absent
Adrenal cortex antibodies (ACA) and/or 88% 90% 95% 94%
21-OHase antibodies at disease onset 93% 92% 100% 100%
Minor autoimmune diseases
 Vitiligo
 Alopecia
 Autoimmune hepatitis
 Hypophysitis Up to 11% Up to 31% 67% Absent
 Celiac disease
 Sjogren’s syndrome
 Others
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gender, stage of hypoadrenalism and type of associated dis-
ease. Using this information, an algorithm for estimating the 
probability of survival free of AAD has also been developed 
[89].

Non‑autoimmune forms

Infectious

The most common infection leading to AD is that with 
Mycobacterium tuberculosis which spreads to adrenals 
through blood. Adrenal involvement in patients with active 
TBC was found in 6% at autopsy [92]. TBC-related AD 
is predominant in older males and overt clinical manifes-
tations may arise many years after the initial infection. 
However, up to 12% of patients with adrenal TBC may 
present with asymptomatic infection [93]. AD becomes 
apparent only when more than 90% of the adrenal glands 
is destroyed. The early phase of adrenal impairment 
can be accelerated to overt AD by precipitating factors 
including stressful events or administration of rifampicin 
which induces acceleration of cortisol metabolism [93]. 
The majority of patients with active or recently acquired 
disease (less than 2 years) have bilateral adrenal enlarge-
ment, while calcification and atrophy are typical for longer 
duration infection or inactive disease [56, 93, 94]. It has 
been reported that although some patients with acute pul-
monary TBC presented with significantly lower basal and 
stimulated cortisol levels with adrenal enlargement, none 
developed overt AD. In these patients, cortisol concentra-
tions increased and adrenal enlargement normalized after 
termination of anti-TBC therapy [95]. The patients with 
TBC-related AD have positive reaction to tuberculin or to 
interferon-γ release assays with Mycobacterium tuberculo-
sis antigens [96]. In our study of AD patients, 57 patients 
(9%) had TBC-related AD and the disease occurred at a 
mean age of 52 years with a male/female ratio of 3/1. In 
90% of cases, radiological imaging revealed increased 
adrenal volume usually with calcifications (Fig. 3b) and 
all the patients were negative for ACA/21-OHAbs [6].

In addition, infections with Neisseria meningitides, Pseu-
domonas aeruginosa, Haemophilus influenza, Pasteurella 
multocida, Staphylococcus aureus and Streptococci group A 
when associated with septicemia may lead to acute presenta-
tion of AD (Waterhouse–Friderichsen syndrome) with bilat-
eral adrenal infarction caused by intravascular coagulation 
induced by endotoxins. Onset is acute with fever, nausea, 
myalgia, arthralgia, and erythematous rash which progresses 
to cutaneous ecchymosis and purpura fulminans [97, 98]. 
Other bacterial infections (E. coli and group B Strepto-
cocci) of the adrenals are rare and mostly occur in children, 
sometimes resulting in adrenal abscess. Spreading of the 

microorganisms to the adrenals is probably via blood supply 
[97, 99, 100]. The choice of treatment is usually determined 
by antibiotic susceptibility testing and targeting the bacteria 
from blood isolates.

Treponema pallidum infection may cause AD with exten-
sive fibrosis and syphilitic gumma formation evident on 
pathology examination [17, 56].

Pneumocystis jiroveci (formerly carinii) is an opportun-
istic fungus, inhabiting the lung and infecting immune-com-
promised individuals and in the case of AD, adrenals appear 
bilaterally enlarged. The diagnosis should be confirmed by 
needle biopsy and followed by a standard treatment with tri-
methoprim–sulfamethoxazole [97, 98, 101]. Further, several 
fungal pathogens are responsible for infiltration and damage 
of the adrenals leading to AD. For example, Histoplasma 
capsulatum prevalent in the mid-western and south-central 
USA causes the disseminated disease commonly affecting 
immunocompromised subjects [102] but may also occur in 
immunocompetent hosts [103]. Symptoms include malaise, 
weight loss, indurated ulcers of the mouth, tongue and nose, 
fever, and chills. The adrenals are involved in more than 80% 
of the patients but only 5–10% may develop clinical AD. On 
CT scans, the adrenals are enlarged with attenuated center 
[104]. The treatment of choice is with amphotericin B or 
itraconazole [97]. Blastomyces dermatitidis is endemic in 
the south-eastern and south-central USA. Symptoms may 
be non-specific and, in general, involve the respiratory tract. 
The adrenals may be bilaterally enlarged. Cytology is help-
ful in confirming the pathogenesis, and standard treatment 
is with itraconazole or amphotericin B [97, 105].

Infections with Paracoccidioides brasiliensis (South 
American Blastomycosis) usually affect the lungs, skin 
and lymph nodes. Adrenal involvement is also commonly 
recorded and post-mortem studies revealed that 44–80% 
of infected patients had bilateral adrenal enlargement with 
calcifications [97, 106]. Standard treatment with sulfa- or 
imidazole derivates is indicated in these cases [97]. Crypto-
coccus neoformans is a fungus, commonly present in pigeon 
excrement. The majority of the affected patients are immu-
nocompromised [107] and present with bilaterally enlarged 
adrenals on CT scans; while on MNR scans, bilaterally 
enlarged adrenals are hypointense compared to the liver. 
Fine needle aspiration may confirm the diagnosis [108]. 
Recommended treatment includes intravenous amphotericin 
B, together with flucytosine, followed by fluconazole [97]. 
A generalized infection with Candida albicans can also be a 
cause of adrenalitis leading to adrenal failure [97]. Flucona-
zole is the choice for the empirical treatment of disseminated 
candidiasis, unless a patient is suspected to be infected with 
an azole-resistant species (i.e., Candida glabrata, Candida 
krusei). Medicines with broader species coverage, such as 
echinocandins, may be preferred for empirical treatment of 
candidemia [109].
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AD may occur in patients infected with human immuno-
deficiency virus [110, 111]. In these patients, AD is usually 
caused by adrenalitis secondary to opportunistic infections 
with Cytomegalovirus, Mycobacterium tuberculosis, Pneu-
mocystis jiroveci or Cryptococcus neoformans, by neoplastic 
invasions of the adrenals, or by a combined side effect of 
drugs used for therapy of HIV infection (protease inhibi-
tors) and concurrent opportunistic infections for example, 
rifampicin, ketoconazole and cotrimoxazole [111]. In a 
study of 192 patients with HIV, only 3 presented with adre-
nal insufficiency of different causes (one had AD, one had 
unspecified secondary adrenal insufficiency, and one had iat-
rogenic AD caused by withdrawal of inhaled steroids) [112]. 
Infections with Herpes simplex virus are rarely associated 
with AD [17, 113].

Infiltrative, dysmetabolic and granulomatous

In a study of 16 patients with kidney amyloidosis, 46% 
showed abnormal response to ACTH test and in 30% of 
patients who died of adrenal crisis amyloid depositions 
were found in the adrenals [114]. Further studies showed 
that 20–45% of patients with renal amyloidosis had subclini-
cal AD [115–117].

In patients with haemochromatosis, AD is very rare [118] 
and the adrenals appear hyperdense on computed tomog-
raphy [119]. Mutations of the High Iron Fe (HFE) gene of 
HLA are usually present [118].

Adrenal involvement in the course of sarcoidosis is rare. 
In a review of 145 patients with sarcoidosis, only one died 
of an Addisonian crisis [120]. Subsequently, 12 cases of 
sarcoidosis with AD were described [121–123]. However, 2 
patients had adrenal histoplasmosis, one a TBC-AD, other 7 

Fig. 1  Hypothetical pathogenesis of autoimmune adrenalitis. A cur-
rently unknown exogenous antigen (viruses, bacteria, chemicals) 
cross reactive with 21-hydroxylase (21-OH) may activate antigen 
presenting cells (APCs). After antigen uptake, APCs process and pre-
sent 21-OH-like antigens to CD4+ T-helper 1 and T-helper 17 (Th1/
Th17). In turn, T-helper cells promote activation and clonal expan-
sion of cytotoxic T-lymphocytes to exogenous antigen, but also of 
autoreactive cytotoxic T-lymphocytes (CD8+) and autoreactive B 
cells which release self-destructive cytokines and steroid 21-OH 
autoantibodies (21-OHAbs), respectively. This self-reactive process 

might be allowed by possible deficiency in T-regulatory (T-reg) cells. 
The progressive destruction of glomerular, fascicular, and reticular 
cells of adrenal cortex is mediated by cytotoxic T cells through local 
production of cytokines. 21-OHAbs may also activate the comple-
ment system and antibody-dependent cellular cytotoxicity. However, 
these antibody-mediated  mechanisms of damage have been demon-
strated in vitro, but not in vivo. Local release of cortisol by zona fas-
ciculata may hamper or delay this process (modified from [77], with 
permission of the Editor)
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were ACA positive, and in 2 data were not available. There-
fore, it is not clear whether sarcoidosis can cause AD.

Genetic

In the great majority of cases, genetic forms of AD are diag-
nosed in pediatric population [24, 124, 125] and then fol-
lowed by adult medicine endocrinologists. Approximately, 
5% of adult patients with AD are affected by genetic forms 
diagnosed during childhood. However, sometimes the diag-
nosis is made in the adulthood, for example, in the case of 
adrenoleukodystrophy.

In brief, main genetic forms can be classified into four 
major groups depending on pathogenesis: (1) impaired ster-
oidogenesis with adrenal hyperplasia, (2) bilateral adrenal 
hypoplasia, (3) familial glucocorticoid deficiency (FGD) 
and FGD-like disorders, (4) adrenal lesions leading to gland 
destruction (e.g. adrenomyeloneuropathy, bilateral adrenal 
calcification) [24]. Among children with AD, 80–90% pre-
sent with genetic forms [23–25, 30, 124, 126]. The most 
common cause is the classic or late-onset steroid 21-OH 
deficiency characterized by low production of glucocor-
ticoids, and in many cases also mineralocorticoids, char-
acterized by adrenal hyperplasia and hyperandrogenism. 
More rare causes include deficiency of 11β-hydroxylase, 
17α-hydroxylase, 3β-hydroxysteroid dehydrogenase, P450 
side-chain cleavage deficiency, P450 oxidoreductase, or 

Table 3  Stages of adrenal cortical insufficiency based on the ACTH test in the ACA/21-OHAbs-positive patients

Addison’s 
disease

Stage ACA 
and/or 
21OHAbs

Lym-
phocytic 
adrenalitis

Symptoms Basal renin Basal aldos-
terone

Basal ACTH Basal cortisol Cortisol 
response after 
i.v. ACTH (250 
mcg)

Potential AAD 0 + ± Absent Normal Normal Normal Normal Normal
Subclinical 

deficiency of 
mineralocor-
ticoids

1 + + Absent ↑ Normal/↓ Normal Normal Normal

Subclinical 
deficiency 
of mineral-
corticoids 
and impaired 
reserve of 
glucocorti-
coids

2 + ++ Absent ↑ ↓ Normal Normal Reduced or no 
response

Subclinical 
deficiency of 
both miner-
alcorticoids 
and glucocor-
ticoids

3 + +++ Absent ↑ ↓ ↑ Normal or at 
lower limits 
of normality

No response

Severe defi-
ciency of 
mineralcorti-
coids and of 
glucocorti-
coids

4 + ++++ Present ↑↑ ↓↓ ↑↑ ↓↓ No response

Stage 0
Normal ACTH test 
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cortisone reductase (see detailed list in Table 1, modified 
from [125]).

Adrenoleukodystrophy is an inherited X-linked recessive 
condition due to a metabolic disorder characterized by ele-
vated plasma levels of very long-chain fatty acids (VLCFA) 
accumulated in the adrenal cortex, brain, and other organs 
[127]. In a study of 18 Norwegian adult 21-OHAbs-negative 
men with AD one patient tested positive for VLCFA [128]. 
Clinical presentations of adrenoleukodystrophy are highly 
complex with AD being the predominant presentation in 
childhood (80%) while myelopathy in adulthood. In addi-
tion, gonadal function can also be affected. Approximately, 
60% of patients develop progressive cerebral white matter 
lesions with a characteristic pattern on MRI which some-
times precede the symptoms. The adrenals on macroscopic 
examination are small, of normal shape, weighing from 1 
to 2 g [129].

X-linked congenital adrenal hypoplasia (CAH) is a rare 
disorder characterized by a complete absence of the adrenal 
cortex accounting for 0.97% of all the causes of primary 
AD under the age of 18 years. CAH is caused by mutations 
or complete deletion of the NR0B1 gene (Nuclear Receptor 
subfamily 0, group B, member 1) that encodes the DAX-1 
protein (Dosage-sensitive sex reversal, congenital Adrenal 
hypoplasia critical region on chromosome X, gene 19), a 
nuclear receptor expressed in steroidogenic tissues (gonads, 
adrenals), hypothalamus, and pituitary. CAH is characterized 

by AD in infancy and early childhood, and later by hypogon-
adotropic hypogonadism in males at puberty [130].

We found genetic forms of AD in 29 of our patients 
(4.3%), of whom 24 (all males) had adrenoleukodystrophy 
with a mean age at disease onset of 18 years (range 1–63). 
Other patients presented with genetic form of AD included 
two patients with 21-OH deficiency, one with X-linked CAH 
with mutation of DAX1, one with POEMS and one with 
ACTH receptor mutation. ACA and 21-OHAbs were nega-
tive in all patients [6].

Vascular

Vascular disorders related to anti-phospholipid syndrome, 
congenital bilateral hemorrhage, anticoagulation and Water-
house–Friderichsen syndrome may rarely affect the adrenals 
and be responsible for AD [6, 131] (Fig. 3). In our observa-
tions, only 4 patients (0.6%) presented with vascular disor-
ders: two with anti-phospholipid syndrome with bilateral 
hemorrhagic infarction of adrenals (Fig. 3d), one with con-
genital bilateral hemorrhage and one with Waterhouse–Fri-
derichsen syndrome [6].

Drug induced

Several compounds inhibit adrenal steroidogenesis by 
interfering with the enzymes in the steroidogenic cascade. 
Ketoconazole, metyrapone, etomidate, and mitotane block 

Fig. 3  Images of different cases of adrenal insufficiency (arrows 
denote abnormal adrenals). a) Autoimmune with small-atrophic adre-
nal glands, b) adrenals with calcifications in tuberculous infection, 
c) adrenal enlargement for bilateral primary adrenal lymphoma, d) 

bilateral adrenal hemorrhage in anti-phospholipid syndrome, e) adre-
nal enlargement with bilateral adrenal metastasis of lung cancer, f) 
adrenals with disseminated histoplasmosis
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one or more of the enzymes in the cortisol and other ster-
oids synthetic pathways [132] (Table 1). Mitotane inhibits 
steroidogenesis, but also exhibits adrenolytic activity by 
inhibiting CYP11B1 (11β-hydroxylase) and cholesterol 
side-chain cleavage (CYP11A1) enzymes. It is metabolized 
into an acyl-chloride that binds macromolecules in the mito-
chondria, causing destruction of adrenocortical cells both 
in normal adrenals and adrenocortical tumors. This mecha-
nism renders mitotane useful for chemical adrenalectomy in 
patients with Cushing’s disease [132].

Some substances like rifampicin, growth hormone or 
levothyroxine may induce or worsen AD by increasing cor-
tisol clearance or accelerating cortisol metabolism through 
stimulation of type 2 11ß-hydroxysteroid dehydrogenases 
(11ß-HSD2) which inactivates cortisol to cortisone [133, 
134].

Kinase inhibitors (KIs) and monoclonal antibodies 
directed against kinases are an important class of anti-
cancer drugs (sunitinib, imatinib). Endocrine side effects 
of KIs have been highlighted in some reports including 
effects on thyroid function, bone and glucose metabolism or 
gonadal and adrenal function [135]. Furthermore, immune 
check-point inhibitors introduced in therapies against can-
cer, including cytotoxic T-lymphocyte antigen-4 recep-
tor (CTLA-4) inhibitors [ipilimumab, tremelimumab) or 
programmed death-1 (PD-1) receptor pathway inhibitors 
(nivolumab, pembrolizumab) have been reported to cause 
AD with a prevalence ranging from of 0.8 to 2.0% in dif-
ferent studies. AD may develop as a result of lymphocytic 
hypophysitis caused by this group of medicines [136]. The 
reported relative risk of developing hypophysitis and sub-
sequent AD was 22.0 and 3.9, respectively [137]. However, 
more recently, 21-OHAb-positive cases of AD have been 
described following pembrolizumab immunotherapy [138].

Chronic use of corticosteroids inhibits the feedback of 
hypothalamic–pituitary–adrenal axis, which may cause AD 
after the cessation of corticosteroid treatment. In a meta-
analysis performed on 3753 participants, manifestation of 
AD after corticosteroid withdrawal ranged from 4.2% for 
nasal administration to 52.2% for intra-articular administra-
tion. In patients with asthma on corticosteroid treatment, AD 
varied from 2.4% (low dose) to 21.5% (high dose) and from 
1.4% (< 28 days) to 27.4% (> 1 year of therapy). The risk of 
AD cannot be safely excluded irrespective of the adminis-
tration route, type of a condition requiring corticosteroids, 
size of a dose, or duration of treatment. Although the risk of 
developing AD after stopping corticosteroids decreases over 
time, up to 25% of patients may remain adrenal insufficient 
for more than 6 months [139].

Neoplastic

AD resulting from bilateral cancer metastases is probably 
underdiagnosed but would not contribute significantly to 
the prevalence of AD because the life expectancy in most 
such cases is limited [140]. Nevertheless, adrenal metastatic 
localization from kidney carcinoma, lung carcinoma, breast 
carcinoma, and melanoma or even adrenal lymphomas can 
lead to AD [141]. On imaging, bilateral adrenal masses are 
usually evident in all cases (Fig. 3e). In our cohort, bilateral 
metastases in the adrenals were found in 8 patients with AD 
(1.2%): 4 from renal carcinomas, 3 from non-Hodgkin lym-
phoma, and one from breast carcinoma. The mean age at 
onset of AD was 55 years (range 31–78 years) with a female/
male ratio of 2.3. All had bilateral adrenal masses and were 
negative for ACA/21-OHAbs [6].

Surgical

Patients who undergo bilateral adrenalectomy for Cushing’s 
syndrome, or for bilateral adrenal masses due to macronodu-
lar adrenal hyperplasia, primary pigmented nodular adreno-
cortical disease, or pheochromocytoma will present with AD 
if appropriate replacement therapy is not in place [25]. In 
our survey, we had 6 patients (0.9%) with AD following 
bilateral adrenalectomy: four for Cushing’s syndrome, one 
for bilateral adrenal masses, and one for primary pigmented 
nodular adrenocortical disease [6].

Clinical manifestations

Clinical symptoms of AD are secondary to deficient produc-
tion of glucocorticoids, mineralocorticoids, androgens and 
may vary depending whether AD is chronic or acute. AD is 
a “chameleon-like” disease masquerading under the guise 
of many other conditions, so that the diagnosis is frequently 
missed for a long time. About 60% of affected individuals 
are seen by various clinicians before the diagnosis is made 
[142]. Classical manifestations are weakness and fatigue 
(74–100%), weight loss (78–100%) with decreased appe-
tite, weight loss with failure to thrive in children (61–100%), 
sometimes resembling anorexia, orthostatic hypotension 
and tachycardia (88–94%), skin and mucosal hyperpigmen-
tation (80–94%), nausea, vomiting, diarrhea (75–86%) or 
recurrent abdominal pain (31%) which may even present 
as surgical emergency, amenorrhea or libido reduction 
(25–45%), depression (20–40%) and salt-craving (9–16%) 
[25, 56, 142, 143]. Salt craving is one of the symptoms that 
distinguish AD from the other salt-wasting disorders. In 
children, AD often presents with seizures following hypo-
glycemic crisis. Recurrent hypoglycemia can be a sign of 
AD in patients with DM-1 on insulin therapy [144]. AD 
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leads to dehydroepiandrosterone deficiency that is the major 
precursor for sex-steroid synthesis. This may result in severe 
androgen deficiency in women with AD presenting as loss 
of pubic and axillary hair or reduced libido [142]. It should 
be noted that patients with rapid onset of AD (due to infarc-
tion or hemorrhagic gland destruction) and short period of 
increased serum ACTH usually do not display characteristic 
hyperpigmentation [131]. Sometimes, AD can present with 
atypical manifestations of cerebral edema due to hypona-
tremia, persistent elevated transaminase levels associated 
with autoimmune hepatitis, anemia, vague abdominal pain, 
poor concentration and progressing fatigue [13]. There are 
additional signs of AD, for example, unexplained hypona-
tremia with increased TSH levels [145], moderate hyper-
kaliemia in the absence of renal failure or unexplained 
hypoglycemia after physical exertion. In healthy subjects, 
glucocorticoids enhance the synthesis of an enzyme which 
converts norepinephrine into epinephrine. In the case of 
AD basal and stress-induced epinephrine release may be 
impaired and be responsible for hypotension or hypoglyce-
mia during crisis situations [146].

Acute adrenal insufficiency (Addisonian 
crisis)

Adrenal crisis is a life-threatening emergency in patients 
with AD. An overall incidence of Addisonian crisis in 
patients on long-term substitutive therapy has been reported 
between 5 to 10/100 patients/year, with a mortality rate of 
0.5/100 patients/year [26, 147, 148]. The main precipitating 
events were infections, including gastroenteritis (23%), uri-
nary tract infections (3%), fever (22%) and emotional stress 
(16%), surgery (16%), strenuous physical activity (9%), 
withdrawal of steroid therapy (3.6%), or unknown causes 
(10%) [148]. Patients with comorbidities had a higher risk 
compared to patients with AD alone [149]. Furthermore, 
adrenal crisis has been observed significantly more fre-
quently in patients with primary (7.6/100 patients/year) than 
with secondary AD (3.2/100 patients/year). A higher preva-
lence of acute AD has been reported in patients with APS 
(10.9/100 patient/year) and with DM-1 (12.5/100 patient/
year) [149]. The most frequent symptoms of adrenal crisis 
are malaise, fatigue, hypotension, nausea, vomiting, abdomi-
nal pain, muscle pain, mental confusion, somnolence, and 
coma. Typical laboratory findings are hypoglycemia, low 
plasma sodium and increased potassium levels, high plasma 
calcium levels, pre-renal insufficiency with high urea and 
creatinine [26].

Sexuality and fertility

Hypergonadotropic hypogonadism due to lymphocytic 
oophoritis affects 9–61% of females with AAD [6, 18, 150, 
151]. Females with AD have reduced levels of circulating 
androgens that are essential for sexual function. In a postal 
survey, all 269 females in the Norwegian Addison’s registry 
were invited to complete the Sexual Activity Questionnaire 
and registration of childbirths. Fertility was estimated as 
standardized incidence ratio for birth. Despite androgen 
depletion, females with AD did not report impaired sexual-
ity. Fertility was reduced after diagnosis had been made, but 
the reasons for this remain unknown [152]. Sexual dysfunc-
tion was rarely investigated in men. In one study 12 males 
were examined at diagnosis of AAD and 2 months after 
initiating hormone replacement therapy. At baseline, low 
scores were found for erectile and orgasmic function, sexual 
desire, intercourse and overall satisfaction, and high scores 
for depression and anxiety. All these parameters improved 
significantly in the recovery phase following treatment com-
pared with baseline [153].

Laboratory diagnosis

Measurements of concentrations of ACTH, cortisol, plasma 
renin and aldosterone in blood samples collected in the 
morning (at 8.00 a.m.) are required to confirm the diagnosis 
of AD. An increase of ACTH levels, i.e., more than two-
fold over the upper limit of the normal range (normal values 
4.5–12 pmol/L or 20–52 ng/L) together with low levels of 
cortisol, i.e., less than 138 nmol/L or 5 μg/dl (normal values 
275–550 nmol/L or 10–20 μg/dl) are diagnostic for AD [54]. 
Low cortisol levels with normal/low ACTH levels denote 
secondary AD [25, 54, 154].

The conventional ACTH test (an intravenous injection of 
250 μg of synthetic corticotropin in adults or alternatively 
125 μg intravenous or intramuscular administration in chil-
dren less than 2 years old) is the gold standard for assessing 
adrenal function. This test has a superior diagnostic accuracy 
compared to other diagnostic tests routinely used in clini-
cal practice, for example, the insulin tolerance test. A peak 
cortisol concentration of less than 500 nmol/L (18 μg/dl) at 
30–60 min after ACTH administration is considered diag-
nostic for adrenal insufficiency [54, 154]. However, cut-off 
values for cortisol and other adrenal steroids after stimu-
lation may differ significantly based on the method used 
for the measurements [154]. In contrast to the “high-dose” 
(250 μg) corticotropin test, the so-called “low-dose” corti-
cotropin stimulation test employs 1 μg of synthetic cortico-
tropin. Both tests give comparable results for serum corti-
sol concentration at least 30 min after stimulation; however, 
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the “high-dose” test has been better validated compared to 
the “low-dose” test. Therefore, it has been suggested that 
the “low-dose” corticotropin test is carried out only when 
ACTH is in short supply [54, 154]. It should be noted that 
the ACTH test is not required if AD diagnosis is obvious 
with already low basal cortisol levels (≤ 100 nmol/L) [155], 
or if patients are hemodynamically unstable.

The simultaneous measurements of plasma renin and 
aldosterone levels (in patients not on angiotensin-converting 
enzyme inhibitors therapy) confirm the presence of mineral 
corticoid deficiency [54]. At AD diagnosis serum levels 
of urea, creatinine, calcium and potassium are increased. 
Hypercalcemia due to increased intestinal absorption and 
decreased renal excretion of calcium can be present and is 
sometimes associated with Graves’ disease [142]. In con-
trast, levels of sodium, glucose and osmolality are low. The 
low cortisol levels can induce anemia, lymphocytosis, and 
eosinophilia. TSH levels may be increased, usually between 
4 and 10 IU/L, because of the lack of the inhibitory effect 
of cortisol on TSH production [156] or due to coexistent 
hypothyroidism with positive thyroid autoantibodies [26]. 
A multicenter retrospective study from Norway and Sweden 
on 272 patients hospitalized with new-onset AAD demon-
strated that the most consistent biochemical finding was low 
sodium, present in 84% of the patients, while only 34% had 
elevated potassium [145]. It was suggested that in the case of 
unexplained low sodium and/or elevated TSH levels, a diag-
nosis of AAD should be considered [147]. The prevalence of 
AAD in patients with chronic thyroiditis is 1.4–5.3% and in 
patients with Graves’ disease 0.1–1.7% [157, 158]. Based on 
the relatively low prevalence of AAD in patients with AITD 
(0–3%) [79–81], we suggest testing for 21-OHAbs only in 
selected patients, i.e., those who have personal or family his-
tory of other autoimmune diseases and/or those who display 
symptoms or signs of AD [91].

Imaging

Adrenal imaging is not required in patients with AAD posi-
tive for ACA/21-OHAbs [6, 54, 159] (Fig. 3a). However, 
adrenal NMR or TC scans should be performed in the case 
of AD patients negative for ACA/21OHAbs [6, 26, 54, 119, 
159].

Diagnostic work‑up

Once clinical AD has been diagnosed further investiga-
tions aimed at establishing the etiology of the condition 
should be carried out (Fig. 4). The first line of tests in adults 
should include ACA or 21-OHAbs [26, 54, 65, 159]. In 

contrast, children should be first screened for baseline serum 
17-hydroxyprogesterone (17-OHP) levels [54]. ACA/21-
OHAbs-negative young or adult males with AD and normal 
17-OHP should be tested for VLCFA for adrenoleukodys-
trophy [26, 54]. When ACA/21-OHAbs (Fig. 4) are present, 
a diagnosis of AAD can be made; however, it should be 
noted that 5–10% of AAD patients may be ACA/21OHAb 
negative at the time of testing [6, 65, 159]. Following diag-
nosis of AAD, further tests for other clinical, subclinical 
or potential autoimmune diseases should be carried out to 
define APS-1, APS-2, APS-4 or isolated AAD [18, 26, 54, 
159]. In the case of young patients with isolated AAD, it 
is important to determine if AAD is the heralding compo-
nent of APS-1. Thus, special attention should be given to 
the signs and symptoms of CC and/or CH, dental enamel 
dysplasia, keratitis, autoimmune hepatitis or malabsorption. 
Furthermore, tests for IFNAbs should be performed and if 
positive analysis for AIRE gene mutations should be carried 
out [26, 33, 92]. ACA/21-OHAb-negative adults with AD 
should be investigated using a combination of imaging and 
specific diagnostic tests [26, 54, 159] as shown in Fig. 4. The 
diagnosis of TBC-related AD is based on history of previ-
ous TBC infections and/or signs on the chest radiography, 
adrenals enlargement with calcifications, and positive tests 
indicating previous contact with the bacillus [6, 159]. The 
images of hyperdense adrenals would suggest haemochro-
matosis and specific genetic tests should be performed. On 
adrenal imaging, bilateral hyperdense lesions are character-
istic for adrenal hemorrhage. In this case specific tests for 
coagulation parameters including anti-phospholipid antibod-
ies and a treatment with anti-thrombotic agents or modifica-
tion of anti-coagulation therapy are necessary [131, 160]. If 
CT scan of the adrenals in patients with a history of cancer 
reveal bilateral adrenal masses, an ultrasound-guided or CT-
guided fine needle aspiration biopsy may be necessary to 
define the diagnosis [54]. When all the tests described above 
are negative, a diagnosis of idiopathic AD is justified [6, 54].

Pregnancy in patients with AD

During pregnancy, the feto-placental unit plays a major 
role in adrenal steroid hormone production because the pla-
centa produces corticotropin releasing hormone (CRH) and 
ACTH, with a rise in maternal total and free cortisol. Free 
serum cortisol levels are initially similar to those of healthy 
women in early pregnancy and then rise 1.4- and 1.6-fold 
in the second and third trimester, respectively. However, 
to date, the amplitude of maternal cortisol (total and free) 
increase has not been fully determined and no trimester-
specific cut-off reference levels have been yet defined. Cir-
cadian rhythm is maintained but can be blunted in the third 
trimester as placental CRH production does not follow a 
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diurnal pattern. During delivery, ACTH increases 15-fold 
and normalizes 24 h post-delivery. The fetus is protected 
from maternal hypercortisolism as cortisone is inactivated 
by placental 11β-hydroxysteroid dehydrogenase type 2 
[161]. Renin–angiotensin–aldosterone system (RAAS) is 
activated during pregnancy, with consequent volume expan-
sion and sodium retention. Angiotensin II increases, and 
aldosterone levels rise eightfold during mid-pregnancy and 
remain elevated till delivery. However, the anti-aldosterone 
effect of progesterone provides a balance against RAAS acti-
vation (by competing with aldosterone at the renal distal 
tubule) [161].

It is rare that AD develops during pregnancy and its 
diagnosis may be particularly challenging. In the first tri-
mester, hyperemesis and hyperpigmentation presenting as 
melasma or chloasma gravidarum, caused by stimulation 
of melanocytes by female sex hormones, are the main two 
confounding symptoms/signs. In a Canadian study, preva-
lence of AD in pregnancy was of 5.5/100.000, increasing 
from 5.6 to 9.6/100.000 over a 9-year study period [162]. If 
AD is suspected during pregnancy, ACTH and cortisol levels 
should be measured first, followed by an ACTH test [163]. 
Pregnant women with known AD should continue with their 
therapy during the first trimester. In the case of nausea and 
vomiting, supplementing with intravenous or intramuscu-
lar hydrocortisone is recommended. In the third trimester, 

the physiological increase in serum cortisol associated with 
anti-mineralocorticoid effect of progesterone may need to be 
corrected with increased doses of glucocorticoid and fludro-
cortisone [26]. Usually, the required additional hydrocor-
tisone dose during the third trimester is of 2.5–10 mg/day 
[26, 163] but this increment is dependent on the individual 
clinical course [54]. Major adjustments to the substitutive 
therapy are considered to be unnecessary because of physi-
ological adaptations in cortisol clearance observed in women 
with AD [20]. The preferred glucocorticoid to be used in 
pregnancy is hydrocortisone rather than cortisone acetate. 
The developing fetus is no longer dependent on maternal 
cortisol concentrations from the third trimester because fetal 
adrenals begin their production of cortisol. Thus, supple-
mentary treatment in the third trimester of pregnancy still 
remains controversial. During the active phase of deliv-
ery, additional dose of hydrocortisone is recommended. 
For example, a single injection of 100 mg i.v. followed by 
50–100 mg within 24 h [54, 163]. Furthermore, parenteral 
injections of 100 mg hydrocortisone i.v. or i.m. should be 
administered before and after cesarean delivery, repeated at 
the same dose at 24 h [26, 163]. Assessment of adrenal func-
tion in infants from mothers with AD who were on adequate 
hormone replacement therapy is not necessary and there is 
no contraindication for breast feeding [163].
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In a study of pregnancy outcomes, patients with AD were 
more likely to deliver preterm, by cesarean section, have 
impaired wound healing, develop infections and throm-
boembolism, require transfusions, and have prolonged 
post-partum hospital admissions. Maternal mortality was 
significantly higher. Congenital anomalies and small-for-
gestational-age infants were more likely in pregnancies in 
women with AD [162].

Therapies

Conventional therapy with oral glucocorticoids

Glucocorticoids are secreted in a circadian fashion, with a 
peak at 8.00 o’clock in the morning and a nadir at 24.00 h. 
Adults produce 9–11 mg of cortisol daily/m2 of body sur-
face, corresponding to about 15–25 mg of hydrocortisone/
day [26, 164, 165]. Treatment of AD aims at replacing the 
hormones secreted by the adrenal cortex together with a 
standard care for the conditions that caused the adrenal fail-
ure. Recommended adrenal replacement therapy in AD is 
based on a daily dose of hydrocortisone at 10–12 mg/m2 of 
body surface administered in 2 or 3 doses and fludrocorti-
sone at 0.05–0.20 mg in the morning when patients wake 
up [25, 26, 54]. The Consensus Statement of the Euradre-
nal European Consortium suggests 15–25 mg hydrocorti-
sone or 18.75–31.25 mg of cortisone acetate [26] and the 
Endocrine Society, 15–25 mg hydrocortisone or 20–35mg 
cortisone acetate in 2–3 oral daily doses. The highest 
dose should be taken when wakening early in the morn-
ing, a smaller dose after 4–6 h and sometimes a third small 
dose around 17.00 h, at least 4–6 h before sleep to avoid 
insomnia and nocturnal insulin resistance with potential 
adverse metabolic consequences [154]. Cortisone acetate is 
absorbed through the intestine quickly (half-life 80 min) and 
as a pro-hormone requires activation by the hepatic enzyme 
11β-hydroxysteroid dehydrogenase type 1. Glucocorticoids 
with longer half-lives, like dexamethasone at a dose of 
0.25–0.75 mg or prednisone at 2.5–7.5 mg/day, may be con-
sidered for replacement therapy only when hydrocortisone 
or cortisone acetate is not available. In children, only hydro-
cortisone should be used for replacement therapy because 
its short half-life allows for better control. The starting dose 
in children is about 6–10 mg/m2 of body surface divided 
in 3 doses [26, 54]. Night workers must modify the dosing 
based on changes in the day-time/night-time activity. Moni-
toring glucocorticoid replacement therapy in AD should 
be based on body weight, postural blood pressure, energy 
levels and signs of excessive or insufficient bioavailability 
[26, 54, 166]. Insufficient replacement therapy is manifested 
by nausea, poor appetite, asthenia, weight loss, hyperpig-
mentation, while excessive replacement is associated with 

weight increase, hypertension, insomnia, peripheral edema. 
Plasma ACTH and cortisol levels are not useful markers 
in the assessment of the effectiveness of the substitutive 
therapy in patients with AD. However, in case of a clinical 
doubt or if required, the samples for ACTH and cortisol 
measurements should be collected at least 1–2 h after the 
normal replacement dose [26, 54].

Therapy with oral modified‑release or parenteral 
hydrocortisone

Supplementing hydrocortisone in 2–3 subdivided doses 
induces 2 or 3 peaks of serum cortisol with possible inter-
mediate periods of hypocortisolemia which can be associ-
ated with symptoms of asthenia. To counteract these fluc-
tuations, a dual-release formulation hydrocortisone tablet 
has been developed [167]. This drug consists of an outer 
layer containing hydrocortisone for immediate release and 
an inner nucleus for 12-h discharge. This method of drug 
delivery produces a more physiological cortisol release than 
the standard formulations used for supplementation [167]. 
An open randomized crossover trial showed that once daily 
dual-release dose regimen was associated with reduction of 
body mass index (BMI) and improvement in blood pressure 
and glucose metabolism in AAD patients with DM-1 [168]. 
In a study of diabetic patients with primary and second-
ary adrenal failure or congenital adrenal hyperplasia, both 
BMI and glycated hemoglobin were significantly reduced 
on therapy with dual-release formulation compared to con-
ventional supplementation [169]. An open-label study on 
dual-release hydrocortisone replacement has demonstrated 
that plasma cortisol profiles resembling normal daily pro-
files were reached in 31 healthy volunteers [170]. Further-
more, in an analysis of 19 patients with AAD, the dual-
release hydrocortisone delivery was found to be effective 
in reducing central adiposity, improving glucose and lipids 
metabolism, as well as the Quality of Life (QoL) [171]. 
Therefore, this formulation appears to have a favorable 
metabolic impact and may be chosen for patients with high 
cardiovascular risks such as patients with diabetes mellitus. 
A recent single-blind randomized controlled trial in sub-
jects with AD indicated that administration of glucocorti-
coids multiple times a day has been associated with weight 
gain, metabolic impairment, pro-inflammatory state and a 
weakened immune response; therefore, restoration of a more 
physiological circadian glucocorticoid rhythm with a once-
daily modified-release regimen may result in reduction in 
BMI, normalization of the immune cell profile, reduction in 
recurrent infections, and improvement in the QoL [172]. In 
addition, a 36-month study of 13 patients with primary and 
36 patients with secondary adrenal insufficiency has shown 
a significant decrease in BMI, waist circumference, glycated 
hemoglobin, and an increase in HDL-C in all patients treated 
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with dual-release hydrocortisone, in particular in patients 
with prediabetes (impaired fasting glucose or impaired glu-
cose tolerance) when compared to those with normal glucose 
tolerance [173]. Analysis of salivary cortisol measurements 
in patients on treatment with dual-release hydrocortisone 
has confirmed that cortisol levels were lower in the after-
noon and in the evening than in the morning thus achiev-
ing a cortisol profile closer to the healthy controls [174]. 
Currently, there is an ongoing PlenadrEMA trial which is 
an investigator-initiated open-label switch pilot trial of the 
effect of dual-release hydrocortisone versus conventional 
hydrocortisone on fatigue in patients with secondary adrenal 
insufficiency [175]. The outcome of this trial together with 
the observations described above may lead to changes in the 
routine strategies for delivering the replacement therapy in 
patients with AD.

Another oral formulation containing multiparticulate 
modified-release hydrocortisone for replacement therapy 
administered twice-daily has become available and consists 
of tablets with an insoluble barrier coat protecting all but 
the outer surface [176]. The formulation is designed to be 
taken at 15 mg at 10 p.m. with drug release starting 4 h 
after administration resulting in serum cortisol increase after 
midnight and very early in the morning with the maximum 
concentrations at 8 h after administration. This design is 
intended to mimic the physiological morning cortisol peak. 
However, the drug delivery in this formulation is not suffi-
cient to cover the whole day following administration in the 
previous evening and another dose should be taken later in 
the morning. Twice-daily administration of this novel hydro-
cortisone formulation at starting doses of 10 mg (07:00 a.m.) 
and 20 mg (11:00 p.m.) resulted in more effective decrease 
of ACTH levels and androgen secretion in patients with 
classical congenital adrenal hyperplasia [177–179]. Overall, 
future case-controlled studies designed for long follow-up in 
larger cohorts of patients with AD should be carried out to 
verify the promising observations on the innovative hydro-
cortisone formulations discussed above [180].

Until recently, there were no licensed, dose-appropriate 
formulations of hydrocortisone for young children with 
AD. The dosing relied either on parents crushing tablets or 
pharmacists making up appropriate preparations from adult 
medicines. This unsatisfactory situation has been improved 
with the availability of an immediate-release hydrocortisone 
preparation based on multilayered technology [181]. This 
formulation has the maximum granules diameter controlled 
by passing through a 0.8-mm sieve and permits swallow-
ing even by neonates. The granules are presented within a 
capsule that is opened for dosing of 0.5, 1.0, 2.0, and 5.0 mg 
[181]. A phase 3 open-label single-dose study has been per-
formed in three cohorts of children with AD aged from 1 day 
to 6 years. This study has demonstrated that the formulation 
was well tolerated, easy to administer, and showed good 

absorption with cortisol levels at 60 min similar to physi-
ological levels as observed in healthy children [178, 182]. 
Very old patients with difficulty in swallowing (for exam-
ple with neurologic dysphagia) may benefit from these new 
formulations.

One strategy for mimicking the circadian rhythm of 
cortisol is using subcutaneous administration of hydrocor-
tisone which normalizes ACTH levels within 24 h [183]. 
This approach may be useful as initial treatment of newly 
diagnosed patients or in the case of Addisonian crisis. Intra-
venous infusion of hydrocortisone by pump in patients with 
AD can be used when standard measures are not expected to 
guarantee sufficient cortisol replacement in special clinical 
situations, for example in patients with unceasing vomiting, 
loss of consciousness, inability of swallowing, or in patients 
with contraindications for nasogastric tube for oral admin-
istration [184]. Rectal suppositories of 100-mg prednisone 
have been studied for emergency treatment. Although suf-
ficient drug levels were observed with ACTH suppression 
by more than 50% of baseline values, rectal way cannot be 
regarded as equivalent to parenteral glucocorticoid adminis-
tration for treatment of adrenal emergencies [185].

Therapy with mineralocorticoids

Concerning mineralocorticoid substitution, the current 
standard treatment comprises fludrocortisone which exhibits 
tenfold higher mineralocorticoid potency compared to aldos-
terone. In adult patients, it is recommended at 0.05–0.20 mg 
taken once daily in the morning at awakening, as physi-
ological aldosterone secretion follows a circadian rhythm 
similar to that of cortisol. Restriction of salt intake is not 
required [26, 54]. Starting dose of fludrocortisone dose 
should be of 0.05–0.1 mg daily and then titrated in steps 
of 0.025–0.05 mg. Substitution therapy aims at achieving 
normal blood pressure, normal potassium serum levels, and 
obtaining plasma renin activity in the upper normal range. 
A higher dose is required in newborns and children because 
their mineralocorticoid sensitivity is lower than adults, as 
well as in the last trimester of pregnancy when high lev-
els of progesterone counteract the effects of mineralocor-
ticoids [26, 54]. Temporary dose increments may also be 
recommended in hot climates and conditions that promote 
excessive sweating, such as long-lasting exercise. Licorice 
potentiates the mineralocorticoid effect of glucocorticoids 
and should be avoided. Some patients with adrenal failure 
may be insufficiently replaced with fludrocortisone if they 
report symptoms and signs indicating chronic under replace-
ment such as salt craving and postural dizziness [186]. 
Glucocorticoid over replacement may reduce the need of 
mineralocorticoid but increases the risk for cardiovascular 
disease. It has been demonstrated that cognitive function 
and mood in patients with adrenal failure are in part related 
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to mineralocorticoid-receptor occupation [187]. High blood 
pressure, rapid weight gain, and hypokalemia indicate over-
treatment with mineralocorticoids, while the hypotension, 
weight loss, asthenia, and hyperkaliemia suggest insufficient 
dosing. In case of doubt, measurement of plasma renin is 
indicated to reassess mineralocorticoid replacement ther-
apy. In patients who develop hypertension while receiving 
fludrocortisone, a reduction in the dose should be considered 
[54]. If blood pressure remains uncontrolled, initiating anti-
hypertensive treatment while continuing with fludrocorti-
sone is indicated. Fludrocortisone tablets should be stored 
in a refrigerator (between 2 and 8 °C) in a tightly closed 
container, even though according to the new formulation 
instructions, the decay rate is as low 0.1% over the first 
6 months at room temperature (up to 25 °C) [188].

Therapy with androgens

Substitutive therapy with dehydroepiandrosterone (DHEA) 
at 25–50 mg/day has been suggested to improve the QoL in 
women with AD receiving optimal glucocorticoid and min-
eralocorticoid therapy who are still suffering from symptoms 
of low libido, depressive symptoms, or low energy. This is 
particularly relevant in post-menopausal patients or those 
presenting with concomitant primary ovarian insufficiency 
with loss of ovarian androgens [25, 26, 54]. However, the 
effectiveness of additional treatment with DHEA is currently 
unconfirmed or controversial, and if there is no beneficial 
effect after 6 months, DHEA should be discontinued [20, 
54, 154].

Prevention and management of adrenal 
insufficiency in patients on replacement therapy 
during stressful events

The glucocorticoid dose needs to be adjusted dynamically 
according to specific stressful circumstances [20, 26, 54]. 
Table 4 summarizes proposed oral or parenteral interven-
tions in the case of acute febrile illness, in major and minor 
surgical or dental procedures and in critical medical con-
ditions (septic shock, myocardial infarction, ischemic or 
hemorrhagic stroke, acute pancreatitis, gastroenteritis with 
vomiting and diarrhea, intestinal obstruction with fluid loss 
or sequestration, etc.) according to the European Expert 
Consensus Statement [26] and the Endocrine Society Clini-
cal Practice Guidelines [54].

In physiological conditions, cortisol levels rise in 
response to stress of surgery. It is estimated that adults 
secrete 75–100 mg of cortisol/day in reaction to major 
surgery and 50 mg/day in the case of minor surgery [54, 
189]. Available data indicate that cortisol secretion rarely 
exceeded 200 mg in the first 24 h after surgery, and that 
the secretion rate correlated with the duration and extent of 

surgery [189]. However, in the event of surgery, the prin-
cipal aim is to cover increased demand for corticosteroids 
caused by trauma and also to cover any potential additional 
demand if unexpected complications ensue. According to 
the Endocrine Society Guidelines, in the case of major sur-
gery, hydrocortisone should be given intravenously at an 
initial dose of 100 mg in adults followed by a continuous 
infusion of 200-mg hydrocortisone over the following 24 h, 
together with intravenous fluid replacement to counteract 
dehydration. For patients with secondary AD, lower doses 
of supplementary hydrocortisone (25–75 mg over 24 h) 
may be sufficient to cover surgical stress [54]. The effects 
of the physiological stress response during surgery on cor-
tisol levels have been assessed in a study on 93 euadrenal 
patients undergoing elective surgery, and a positive correla-
tion between the severity of surgical intervention and peak 
serum cortisol levels has been found [190]. In this study, the 
post-surgical cortisol peak was only 2–3 times higher than 
pre-surgical basal levels, and the levels of cortisol tended 
to return to baseline by post-operative day one even after 
major surgery [190]. A recent meta-analysis including 2,953 
patients from 71 studies has shown that on the day of sur-
gery, the cortisol output levels increases by three- to fourfold 
in the case of moderate–high invasive surgical procedures, 
while only approximately twofold after minimally invasive 
procedures. Thus, replacement doses currently advocated 
by guidelines to cover surgical stress may lead to cortisol 
levels that exceed the physiological requirement even after 
major surgery. Yet, it should be kept in mind that invasive 
surgical intervention give rise to more pronounced and 
prolonged cortisol surges in older subjects, in females, in 
patients undergoing open surgery and general anesthesia 
[191]. Table 4 summarizes the most frequent stress-associ-
ated situations requiring corticosteroid supplementation and 
the recommended management strategies.

AD patients who undertake regular and time-limited 
physical activity do not generally need to modify daily doses 
of glucocorticoids [26]. In contrast, in the case of a pro-
longed, intensive and unusual exercise, an increase of hydro-
cortisone (5–10 mg) and salt intake is generally suggested 
[26, 54]. However, an extra-dose of hydrocortisone admin-
istered in a study performed on 10 women with AD who 
underwent short strenuous physical exercise has not shown 
benefit [192]. To date, the requirements for administration 
of additional doses of hydrocortisone during different types 
of physical activities have not been assessed in appropri-
ate clinical studies. Stress adjustment of mineralocorticoid 
replacement is not required.
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Interferences with glucocorticoids 
and mineralocorticoid therapy

Anticonvulsants drugs, such as phenytoin, phenobarbi-
tal, carbamazepine, or topiramate stimulate cytochrome 
CYP3A4, thereby inducing synthesis of liver enzymes 
responsible for glucocorticoid metabolism and induce a 
decrease in available glucocorticoids with the associated 
clinical symptoms [26]. Consequently, patients who are on 
anti-epilepsy medications require higher replacement doses 
of glucocorticoids. In contrast, anti-retroviral drugs, such as 
ritonavir, inhibit CYP3A4 activity leading to delayed gluco-
corticoid metabolism and increased serum concentrations of 
glucocorticoids [25].

Some dietary products including large quantities of 
grapefruit juice or licorice may have effect on bioavailabil-
ity of glucocorticoids and should be avoided in patients on 
a substitutive therapy for AD [26]. Contraceptive medicines 
containing drospirenone displaying anti-mineralocorticoid 

properties should not be prescribed to avoid increased 
demand for fludrocortisone [20].

Therapy of AD crisis

Adrenal crisis is a medical emergency and must be promptly 
treated with rapid infusion of 100 mg of hydrocortisone and 
1 l of intravenous isotonic saline solution in the first 1–2 h. 
During the following 24–48 h, 100 mg of hydrocortisone 
must be given intravenously every 6 h, and 1 l of saline solu-
tion also every 6 h. After 2–3 days, if precipitating events 
improve, treatment may be continued using oral medica-
tions. Mineralocorticoid therapy is not necessary during 
infusion of high doses of hydrocortisone. However, it may 
be restored when hydrocortisone replacement falls below 
50 mg/day. Admission to intensive care unit depends on the 
severity of underlying or co-occurring diseases [26, 54]. 
About half of the patients at the onset of AD may present 
with increased levels of TSH [131]. A high TSH level could 
indicate untreated autoimmune hypothyroidism but also 

Table 4  Prevention and management of adrenal insufficiency during stressful events in adults

Special condition, medical or surgical stress Corticosteroid supplementation

Management of mild to moderate illness with fever (e.g., respiratory 
or urinary infections, skin and soft tissue infections, etc.)

Hydrocortisone or cortisone acetate replacement doses doubled (body 
temperature > 38 °C) or tripled (> 39 °C) until recovery (usually 
within 2 to 3 days). Increased consumption of electrolyte-containing 
fluids (2–3 L) if tolerated. Antibiotic therapy

Gastroenteritis with vomiting and diarrhea or traumas with inability to 
take oral medications

Hydrocortisone 100 mg i.m. or i.v. b.i.d. until recovery. Infusion of 
2.000 mL isotonic saline with

in the first 24 h (or more based on total fluid loss, with additional 5% 
glucose solution if hypernatremia or hypoglycemia are present). 
Return to oral fluids intake if ability to drink is restored and switch 
to oral regimen tapering to normal corticosteroid dose depending on 
clinical state

Critical medical illness (septic shock, myocardial or bowel infarction, 
ischemic or hemorrhagic stroke, pneumonia with acute respiratory 
insufficiency, acute pancreatitis, persistent vomiting and diarrhea, 
intestinal obstruction with fluid loss or sequestration, etc.)

50–100 mg i.v. every 6–8 h or 0.18 mg/kg/h by continuous infusion for 
48–72 h or until recovery of acute phase. Replace fluids in case of loss 
or negative balance, being careful if heart failure occurs

Major surgery with long recovery time, potential blood loss greater 
than 500–1.000 ml and usual post-operative intensive care unit stay

100 mg hydrocortisone per i.v. injection just before anesthesia followed 
by continuous i.v. infusion of 200 mg hydrocortisone in 24 h (alterna-
tively 50 mg every 6 h i.v. or i.m.) for 2–3 days. Then double the oral 
dose for other 2–3 days and finally begin tapering to normal oral dose 
after post-operative day 7 within 2–3 days (if patient is hemodynami-
cally stable or has no infections)

Minor surgery (inguinal hernia repair, tonsillectomy, rhinoplasty, 
arthroscopy, etc.) or major dental surgery

50–100 mg hydrocortisone i.m. just before anesthesia. Double oral dose 
for 24 h, then return to normal dose

Common dental procedure Extra morning dose 1 h prior to surgery.
Other invasive procedures with or without sedation (fiber-optic gas-

troscopy, bronchoscopy, cystoscopy, coronary angiography, etc.)
50–100 mg hydrocortisone i.m. just before start of procedure. Double 

oral dose for 24 h, then return to normal dose
Minor procedures (breast or skin biopsy, thoracentesis, paracentesis, 

bone marrow biopsy or aspiration, rachicentesis, etc.)
Usually not required
Extra-dose (e.g., 10–20 mg hydrocortisone) if symptoms

Invasive bowel procedures requiring laxatives (colonoscopy, colon 
computed tomography, barium enema, etc.)

Hospital admission overnight with 50–100 mg hydrocortisone i.m. 
or i.v. and fluids administration. Repeat the dose before starting the 
procedure

Labor and vaginal birth 100 mg hydrocortisone i.m. just at the onset of labor. Double oral dose 
for 24–48 h after delivery, then taper to normal dose
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could be related to the decreased inhibitory effect of corti-
sol on TSH production. Thus, it is recommended that in AD 
patients with hypothyroidism, adrenal function is adequately 
supported before commencing replacement with levothyrox-
ine to avoid adrenal crisis resulting from increased gluco-
corticoids demand after restoration of thyroid function [25]. 
TSH needs to be reassessed when AD is compensated [26]. 
In the case of clinically hyperthyroid patients with AD, the 
dose of glucocorticoids should be increased to compensate 
increased cortisol clearance and stress related to hyperthy-
roidism [25].

Emergency card

It has been recognized that the best strategy for prevention 
of the adrenal crisis is continuous improvement in the aware-
ness of this life-threatening condition, together with educa-
tion of patients and health professionals [193, 194]. Patients 
with AD should be informed when and how to increase ster-
oid doses during concurrent illnesses or injury. Furthermore, 
training in intramuscular/subcutaneous administration of 
glucocorticoids may be very helpful for the effective pre-
vention of acute adrenal crisis by patients themselves [195]. 
Patients should be advised to wear a medic alert bracelet and 
carry a card stating their daily dose of the steroids to enable 
health care professionals to act as appropriate in the event 
of an emergency. The Euradrenal Consortium proposed a 
Standard Emergency Card which has been now produced in 
collaboration with different national associations of patients 
with AD and made available for distribution in different 
European countries [26]. On the card, there are specific 
instructions on to how to manage Addisonian crisis in the 
national language on one side and in English on the reverse 
side. This card is a simple and effective strategy to save lives 
of patients with AD [188].

Therapy to modify the natural history 
of AAD

Immunosuppressive drugs

De Bellis et al. have made an interesting observation that 
some ACA-positive patients in stage 1–2 became ACA nega-
tive and showed restoration of adrenal function after treat-
ment with high doses of steroids for Graves’ ophthalmopathy 
[196]. One of these patients remained in remission for more 
than 100 months [197]. More recently, targeting autoim-
mune responses have shown some promise in prevention 
or treatment of DM-1, Graves’ disease, multiple sclerosis 
and other autoimmune conditions [198–203]. Rituximab 
is a monoclonal antibody able to block CD20 molecules 

on B-lymphocytes and is thought to affect the ability of 
B cells to cooperate in antigen presentation and cytokine 
secretion. Potential benefit of rituximab has been tested in 6 
patients with new-onset AAD. Although serum cortisol and 
aldosterone concentrations remained low in 5 subjects, one 
patient showed a steady improvement in both serum corti-
sol and aldosterone, allowing discontinuation of steroids at 
15 months following rituximab therapy [204]. Furthermore, 
the patient remained well without medication for 12 months 
thereafter [204]. However, these early observations need to 
be confirmed in studies with greater number of patients at 
the onset of clinical AAD or in ACA/21-OHAbs-positive 
patients with subclinical AAD.

Regenerative therapy

The adrenal cortex has a great potential for regeneration as 
the progenitor or stem cells present in the adrenals respond 
to stimulation with ACTH [205]. Consequently, stimu-
lation with ACTH may lead to increased regeneration of 
glucocorticoid-producing cells. A 20-week trial of regular 
administration of ACTH in 13 patients with clinical AAD of 
more than 1-year duration showed an improvement in cor-
tisol and aldosterone concentrations in two patients [206]. 
One remained well without steroids for 28 months, while the 
other responder had to resume glucocorticoid replacement 
after 7 months [205]. It should be noted that this approach 
may only be effective if there is sufficient residual adrenal 
function. Advances in understanding adrenocortical stem 
cell biology will be helpful in designing new therapeutic 
avenues to modify the natural history of AAD.

Evaluation of quality of life

The Euradrenal Consortium developed a Disease-Specific 
QoL Questionnaire for patients with AD (AddiQoL) with the 
purpose to quantify altered well-being and treatment effects 
[207]. Full validation of the questionnaire requires obtain-
ing responses from a large number of subjects. Hence, the 
original English version of AddiQoL questionnaire trans-
lated into various languages had been distributed to all the 
members participating to the European Consortium and 
enabled collection of information in a large group of 623 
European patients with AD [208]. The outcome of this ini-
tiative is likely to improve the understanding of the impact 
of this condition on the QoL and benefit the patients with 
AD in the future.
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Prognosis and mortality

The mortality rate for patients with AD is more than dou-
ble compared to the background population [209–211]. The 
main causes of death were acute AD (15%) and infectious 
diseases (10%). Sudden death accounted for 9.2%, compared 
to 5.3% in the general population [210]. It is likely that Addi-
sonian crisis contributed to the increased deaths in all of 
these causes of mortality. One study based on data from the 
National Swedish Hospital and Cause of Death Registers 
reported for the patients with AD a risk ratio of 2.19 for 
all the causes of mortality in men and 2.86 in women. The 
increase in mortality compared to the background population 
was due to cardiovascular disorders, malignancies and infec-
tious diseases [209]. These observations were confirmed in 
a study on all patients with AAD admitted to the Swedish 
hospitals which reported a mortality rate of 2.9 for women 
and 2.5 for men. Patients with APS-1 had the highest mor-
tality rate at 4.6 compared to 2.1 for patients with APS-2 
[210]. This study also highlighted a high incidence of can-
cer among the APS-1 patients [210]. In a different study, a 
mortality rate for patients with AD in Norway was 1.10 for 
males and 1.18 for females. Furthermore, an increased rate 
was reported in males who were diagnosed with AD before 
40 years of age. Acute adrenal failure was the major cause of 
death and infections, and sudden deaths were more frequent 
than in the general population [211].

Between 1996 and 2012, a nationwide observational 
cohort study cross-referencing the Swedish National Dia-
betes Register identified 226 patients with diabetes and 
AD that were matched with 1,129 controls. Patients with 
diabetes and AD had an increased frequency of metabolic 
complications and 28% of these patients died during the 
observation period compared to 10% of diabetic controls. 
The estimated relative risk of mortality in diabetic and AD 
group was 3.89 (95% confidence interval 2.84–5.32) com-
pared to controls with diabetes. The most common cause of 
death was cardiovascular in both groups, but patients with 
diabetes and AD showed an increased death rate from dia-
betes complications, infectious diseases and other unknown 
causes [212]. More detailed analyses of survival and mor-
tality of patients with AD of different etiology should be 
carried out in future.

Funding C.B. participated to Euradrenal Project: Pathophysiology 
and Natural Course of Autoimmune Adrenal Failure in Europe, Grant 
Agreement No. 2008-201167 of the European Union 7th Framework 
Program.

Compliance with ethical standards 

Conflict of interest JF is an employee of RSR Ltd. RSR Ltd is a de-
veloper of medical diagnostics including kits for measuring 21-OH 
autoantibodies.

Ethical approval No data have been fabricated or manipulated (includ-
ing images) to support our conclusions No data, text, or theories by 
others are presented as if they were the author’s own. Proper acknowl-
edgements to other works are given and permissions are secured for 
material that is copyrighted.

Informed consent Informed consent by patients was not applicable in 
the present paper, being a review on previous works.

References

 1. Eustachius B (1563) Opuscula anatomica de renum structura, 
efficio et administratione. In: Luchino V (ed) Venice

 2. Addison T (1855) On the constitutional and local effects of dis-
ease of the supra-renal capsules. Samuel Highley, London

 3. Trousseau A (1856) Bronze Addison’s disease. Arch Gen Med 
8:478–485

 4. Jacobson DL, Gange SJ, Rose NR, Graham NM (1997) Epide-
miology and estimated population burden of selected autoim-
mune diseases in the United States. Clin Immunol Immunopathol 
84:223–243

 5. Cooper GS, Bynum MLK, Somers EC (2009) Recent insights in 
the epidemiology of autoimmune diseases: Improved prevalence 
estimates and understanding of clustering of diseases. J Autoim-
mun 33:197–207

 6. Betterle C, Scarpa R, Garelli S, Morlin L, Lazzarotto F, Pre-
sotto F, Coco G, Masiero S, Parolo A, Albergoni MP, Favero R, 
Barollo S, Salvà M, Basso D, Chen S, Rees Smith B, Furmaniak 
J, Mantero F (2013) Addison’s disease: a survey on 633 patients 
in Padova. Eur J Endocrinol 169:773–784

 7. Mason AS, Meade TW, Lee JA, Morris JN (1968) Epidemiologi-
cal and clinical picture of Addison’s disease. Lancet 2:744–747

 8. Nerup J (1997) Addison’s disease-clinical studies. A report of 
108 cases. Acta Endocrinol 76:121–141

 9. Willis AC, Vince FP (1997) The prevalence of Addison’s disease 
in Coventry, UK. Postgrad Med J 73:286–288

 10. Kong MF, Jeffocoate W (1994) Eighty-six cases of Addison’s 
disease. Clin Endocrinol 41:757–761

 11. Laureti S, Vecchi L, Santeusanio F, Falorni A (1999) Is the prev-
alence of Addison’s disease understimated? J Clin Endocrinol 
Metab 84:176–182

 12. Erichsen MM, Løvås K, Skinningsrud B, Wolff AB, Undlien DE, 
Svartberg J, Fougner KJ, Berg TJ, Bollerslev J, Mella B, Carlson 
JA, Erlich H, Husebye ES (2009) Clinical, immunological, and 
genetic features of autoimmune primary adrenal insufficiency: 
observations from a Norwegian registry. J Clin Endocrinol Metab 
94:4882–4890

 13. Björnsdottir S, Sundström A, Ludvigsson JF, Blomqvist P, 
Kämpe O, Bensing S (2013) Drug prescription patterns in 
patients with Addison’s disease: a Swedish population-based 
cohort study. J Clin Endocrinol Metab 98:2009–2018

 14. Olafsson AS, Sigurjonsdottir HA (2016) Increasing prevalence 
of Addison’s disease. Results from a Nationwide study. Endocr 
Pract 22:30–35

 15. Takayanagi R, Miura K, Nakagawa H, Nawata H (2000) Epi-
demiologic study of adrenal gland disorders in Japan. Biomed 
Pharmacother 54(Suppl 1):164s–168s



1427Journal of Endocrinological Investigation (2019) 42:1407–1433 

1 3

 16. Chantzichristos D, Persson A, Björn Eliasson B, Miftaraj M, 
Franzén S, Svensson AM, Johannsson G (2018) Incidence, preva-
lence and seasonal onset variation of Addison’s disease among 
persons with type 1 diabetes mellitus: nationwide, matched 
cohort studies. Eur J Endocrinol 178:115–122

 17. Guttman PH (1930) Addison’s disease: statistical analysis of 566 
cases and study of the pathology. Arch Pathol 10:742–795

 18. Betterle C, Dal Prà C, Mantero F, Zanchetta R (2002) Auto-
immune adrenal insufficiency and autoimmune polyendocrine 
syndromes: autoantibodies, autoantigens, and their applicability 
in diagnosis and disease prediction. Endo Rev 23:327–364

 19. Dalin F, Nordling Eriksson G, Dahlqvist P, Hallgren Å, Wahl-
berg J, Ekwall O, Söderberg S, Rönnelid J, Olcén P, Winqvist 
O, Catrina SB, Kriström B, Laudius M, Isaksson M, Halldin 
Stenlid M, Gustafsson J, Gebre-Medhin G, Björnsdottir S, Jan-
son A, Åkerman AK, Åman J, Duchen K, Bergthorsdottir R, 
Johannsson G, Lindskog E, Landin-Olsson M, Elfving M, Wal-
denström E, Hulting AL, Kämpe O, Bensing S (2017) Clinical 
and immunological characteristics of autoimmune addison dis-
ease: a nationwide Swedish multicenter study. J Clin Endocrinol 
Metab 102:379–389

 20. Falorni A, Minarelli V, Morelli S (2013) Therapy of adrenal 
insufficiency: an update. Endocrine 43:514–528

 21. Cooper GS, Stroehla BC (2003) The epidemiology of autoim-
mune diseases. Autoimmun Rev 2:119–125

 22. Ross I, Boulle A, Soule S, Levitt N, Pirie F, Karlsson A, Mienie 
J, Yang P, Wang H, She JX, Winter W, Schatz D (2010) Autoim-
munity predominates in a large South African cohort with Addi-
son’s disease of mainly European descent despite long-standing 
disease and is associated with HLA DQB*0201. Clin Endocrinol 
(Oxf) 73:291–298

 23. Perry R, Kecha O, Paquette J, Huot C, Van Vliet G, Deal C 
(2005) Primary adrenal insufficiency in children: twenty years 
experience at the Sainte-Justine Hospital, Montreal. J Clin Endo-
crinol Metab 90:3243–3250

 24. Guran T, Buonocore F, Saka N, Ozbek MN, Aycan Z, Bereket 
A, Bas F, Darcan S, Bideci A, Guven A, Demir K, Akinci A, 
Buyukinan M, Aydin BK, Turan S, Agladioglu SY, Atay Z, Abali 
ZY, Tarim O, Catli G, Yuksel B, Akcay T, Yildiz M, Ozen S, 
Doger E, Demirbilek H, Ucar A, Isik E, Ozhan B, Bolu S, Ozgen 
IT, Suntharalingham JP, Achermann JC (2016) Rare causes of 
primary adrenal insufficiency: genetic and clinical characteri-
zation of a large nationwide cohort. J Clin Endocrinol Metab 
101:284–292

 25. Charmandari E, Nicolaides NC, Chrousos GP (2014) Adrenal 
Insufficiency. Lancet 383:2152–2167

 26. Husebye ES, Allolio B, Arlt W, Badenhoop K, Bensing S, Bet-
terle C, Falorni A, Gan EH, Hulting AL, Kasperlik-Zaluska A, 
Kämpe O, Løvås K, Meyer G, Pearce SH (2014) Consensus state-
ment on the diagnosis, treatment and follow-up of patients with 
primary adrenal insufficiency. J Intern Med 275:104–115

 27. Leelarathna L, Breen L, Powrie JK, Thomas SM, Guzder R, 
McGowan B, Carroll PV (2010) Co-morbidities, management 
and clinical outcome of auto-immune Addison’s disease. Endo-
crine 38:113–117

 28. Neufeld M, Blizzard RM, Polyglandular autoimmune disease 
(1980) In: Pinchera A, Doniach D, Fenzi GF, Baschieri L (eds) 
Symposium on autoimmune aspects of endocrine disorders. Aca-
demic Press, New York, pp 357–365

 29. Betterle C, Sabbadin C, Scaroni C, Presotto F. Autoimmune poly-
endocrine syndromes (APS) or multiple autoimmune syndromes 
(MAS) an overview. In: Polyendocrine disorders and endocrine 
neoplastic syndromes, pp 1–50. https ://doi.org/10.1007/978-3-
319-73082 -0_1-1

 30. White PC (2016) Adrenocortical insufficiency. In: Nelson text-
book of pediatrics, 20th edn. Elsevier, New York, pp 2703–2710

 31. Betterle C, Lazzarotto F, Presotto F (2004) Autoimmune pol-
yglandular syndrome Type 2: the tip of an iceberg? Clin Exp 
Immunol 137:225–233

 32. Betterle C, Garelli S, Salvà M (2015) La sindrome poliendocrina 
autoimmune di tipo 2 in Italia. l’Endocrinologo 16:68–76

 33. Husebye ES, Anderson MS, Kampe O (2018) Autoimmune poly-
endocrine syndromes. N Engl J Med 378:1132–1141

 34. Maclaren NK, Riley WJ (1986) Inherited susceptibility to 
autoimmune Addison’s disease is linked to human leukocyte 
antigens-DR3 and/or DR4, except when associated with type I 
autoimmune polyglandular syndrome. J Clin Endocrinol Metab 
62:455–459

 35. Myhre AG, Undlien DE, Løvås K, Uhlving S, Nedrebø BG, 
Fougner KJ, Trovik T, Sørheim JI, Husebye ES (2002) Autoim-
mune adrenocortical failure in Norway autoantibodies and human 
leukocyte antigen class II associations related to clinical features. 
J Clin Endocrinol Metab 87:618–623

 36. Bratland E, Husebye ES (2011) Cellular immunity and immu-
nopathology in autoimmune Addison’s disease. Mol Cell Endo-
crinol 336:180–190

 37. Mitchell AL, Macarthur KD, Gan EH, Baggott LE, Wolff AS, 
Skinningsrud B, Platt H, Short A, Lobell A, Kämpe O, Bensing 
S, Betterle C, Kasperlik-Zaluska A, Zurawek M, Fichna M, Koc-
kum I, Nordling Eriksson G, Ekwall O, Wahlberg J, Dahlqvist P, 
Hulting AL, Penna-Martinez M, Meyer G, Kahles H, Badenhoop 
K, Hahner S, Quinkler M, Falorni A, Phipps-Green A, Merriman 
TR, Ollier W, Cordell HJ, Undlien D, Czarnocka B, Husebye E, 
Pearce SH (2014) Association of autoimmune Addison’s disease 
with alleles of STAT4 and GATA3 in European cohorts. PLoS 
One 9:e88991 (Erratum in: PLoS One (2014) 9:e102428)

 38. Mitchell AL, Bøe Wolff A, MacArthur K, Weaver JU, Vaidya B; 
Swedish Addison Registry Study Group, Erichsen MM, Darlay 
R, Husebye ES, Cordell HJ, Pearce SH (2015) linkage analysis 
in autoimmune addison’s disease: NFATC1 as a potential novel 
susceptibility locus. PLoS One 10: e0123550. Erratum in: PLoS 
One (2015) 10:e0138844 (Sophie Bensing on behalf of The 
Swedish Addison Registry Study Group [corrected to Swed-
ish Addison Registry Study Group])

 39. Falorni A, Brozzetti A, Perniola R (2016) From genetic predispo-
sition to molecular mechanisms of autoimmune primary adrenal 
insufficiency. Front Horm Res 46:115–132

 40. Ahonen P, Myllarniemi S, Sipila I, Perheentupa J (1990) Clini-
cal variation of autoimmune polyendocrinopathy-candidiasis-
ectodermal dystrophy (APECED) in a series of 68 patients. N 
Engl J Med 322:1829–1836

 41. Perheentupa J (2006) Autoimmune polyendocrinopathy-
candidiasis-ectodermal dystrophy. J Clin Endocrinol Metab 
91:2843–2850

 42. Husebye ES, Perheentupa J, Rautemaa R, Kämpe O (2009) Clini-
cal manifestations and management of patients with autoimmune 
polyendocrine syndrome type I. J Intern Med 265:514–529

 43. Cervato S, Mariniello B, Lazzarotto F, Morlin L, Zanchetta 
R, Radetti G, De Luca F, Valenzise M, Giordano R, Rizzo D, 
Giordano C, Betterle C (2009) Evaluation of the autoimmune 
regulator (AIRE) gene mutations in a cohort of Italian patients 
with autoimmune-polyendocrinopathy-candidiasis-ectodermal-
dystrophy (APECED) and in their relatives. Clin Endocrinol 
(Oxf) 70:421–428

 44. Bruserud O, Oftedal BE, Landegren N, Erichsen M, Bratland 
E, Lima K, Jorgensen AP, Myhre AG, Svartberg J, Fougner 
KJ, Bakke Å, Nedrebø BG, Mella B, Breivik L, Viken MK, 
Knappskog PM, Marthinussen MC, Løvås K, Kämpe O, Wolff 
AB, Husebye ES (2016) A longitudinal follow-up of autoim-
mune polyendocrine syndrome type 1. J Clin Endocrinol Metab 
101:2975–2983

https://doi.org/10.1007/978-3-319-73082-0_1-1
https://doi.org/10.1007/978-3-319-73082-0_1-1


1428 Journal of Endocrinological Investigation (2019) 42:1407–1433

1 3

 45. Betterle C, Salvà M, Sabbadin C, Garelli S (2016) La sindrome 
poliendocrina autoimmune di tipo 1 in Italia. l’Endocrinologo 
17:10–20

 46. Wolff AS, Kärner J, Owe JF, Oftedal BE, Gilhus NE, Erichsen 
MM, Kämpe O, Meager A, Peterson P, Kisand K, Willcox N, 
Husebye ES (2014) Clinical and serologic parallels to APS-1 
in patients with thymomas and autoantigen transcripts in their 
tumors. J Immunol 193:3880–3890

 47. Kemp EH, Habibullah M, Kluger N, Ranki A, Sandhu HK, 
Krohn KJE, Weetman AP (2014) Prevalence and clinical asso-
ciations of calcium-sensing receptor and NALP5 autoantibod-
ies in Finnish APECED patients. J Clin Endocrinol Metab 
99:1064–1071

 48. Larosa MDP, Mackenzie R, Burne P, Garelli S, Barollo S, Masi-
ero S, Rubin B, Chen S, Furmaniak J, Betterle C, Rees Smith B 
(2017) Assessment of autoantibodies to interferon-ω in patients 
with autoimmune polyendocrine syndrome type 1 using a new 
immunoprecipitation assay. Clin Chem Lab Med 55:1003–1012

 49. De Martino L, Capalbo D, Improda N, D’Elia F, Di Mase 
R, D’Assante R, D’Acunzo I, Pignata C, Salerno M (2013) 
APECED: a paradigm of complex interactions between genetic 
background and susceptibility factors. Front Immunol 234:331

 50. Cetani F, Barbesino G, Borsari S, Pardi E, Cianferotti L, 
Pinchera A, Marcocci C (2001) A novel mutation of the auto-
immune regulator gene in an Italian kindred with autoimmune 
polyendocrinopathy-candidiasis-ectodermal dystrophy, acting in 
a dominant fashion and strongly cosegregating with hypothyroid 
autoimmune thyroiditis. J Clin Endocrinol Metab 86:4747–4752

 51. Oftedal BE, Hellesen A, Erichsen MM, Bratland E, Vardi A, 
Perheentupa J, Kemp EH, Fiskerstrand T, Viken MK, Weetman 
AP, Fleishman SJ, Banka S, Newman WG, Sewell WA, Sozaeva 
LS, Zayats T, Haugarvoll K, Orlova EM, Haavik J, Johansson 
S, Knappskog PM, Løvås K, Wolff AS, Abramson J, Husebye 
ES (2015) Dominant mutations in the Autoimmune Regulator 
AIRE are associated with common organ-specific autoimmune 
diseases. Immunity 42:1185–1196

 52. Capalbo D, Improda N, Esposito A, De Martino L, Barbieri F, 
Betterle C, Pignata C, Salerno M (2013) Autoimmune polyendo-
crinopathy-candidiasis-ectodermal dystrophy from the pediatric 
perspective. J Endocrinol Invest 36:903–912

 53. Meloni A, Willcox N, Meager A, Atzeni M, Wolff AS, Husebye 
ES, Furcas M, Rosatelli MC, Cao A, Congia M (2012) Auto-
immune polyendocrine syndrome type 1: an extensive longitu-
dinal study in Sardinian patients. Autoimmune Polyendocrine 
Syndrome Type 1: an extensive longitudinal study in Sardinian 
patients. J Clin Endocrinol Metab 97:1114–1124

 54. Bornstein SR, Allolio B, Arlt W, Barthel A, Don-Wauchope A, 
Hammer GD, Husebye ES, Merke DP, Murad MH, Stratakis CA, 
Torpy DJ (2016) Diagnosis and treatment of primary adrenal 
insufficiency: an endocrine society clinical practice guideline. J 
Clin Endocrinol Metab 101:364–389

 55. Drury MJ, Keelan DM, Timoney FJ, Irvine WJ (1979) Case 
report. Juvenile familial endocrinopathy. Clin Exp Immunol 
7:125–132

 56. McNicol AM, Laidler P (1996) The adrenal gland and extra-adre-
nal paraganglia. In: Lewis PD (ed) Endocrine system. Churchill 
Livingstone, London, pp 59–114

 57. Skov J, Höijer J, Magnusson PKE, Ludvigsson JF, Kämpe O, 
Bensing S (2017) Heritability of Addison’s disease and preva-
lence of associated autoimmunity in a cohort of 112,100 Swedish 
twins. Endocrine 58:521–527

 58. Blizzard RM, Kyle MA, Chandler RW, Hung W (1962) Adrenal 
antibodies in Addison’s disease. Lancet 2:901–903

 59. Baumann-Antczak A, Wedlock N, Bednarek J, Kiso Y, Krishnan 
H, Fowler S, Rees Smith B, Furmaniak J (1992) Autoimmune 
Addison’s disease and 21-hydroxylase. Lancet 340:429–430

 60. Bednarek J, Furmaniak J, Wedlock N, Kiso Y, Baumann-Antczak 
A, Fowler S, Krishnan H, Craft JA, Rees Smith B (1992) Steroid 
21-hydroxylase is a major autoantigen involved in adult onset 
autoimmune Addison’s disease. FEBS Lett 309:51–55

 61. Winqvist O, Karlsson FA, Kampe O (1992) 21-hydroxylase, 
a major autoantigen in idiopathic Addison’s disease. Lancet 
339:1559–1562

 62. Colls J, Betterle C, Rees Volpato M, Smith B, Furmaniak J (1995) 
A new immunoprecipitation assay for autoantibodies to steroid 
21-hydroxylase in Addison’s disease. Clin Chem 41:375–380

 63. Falorni A, Nikoshkov A, Laureti S, Grenbäck E, Hulting AL, 
Casucci G, Santeusanio F, Brunetti P, Luthman H, Lernmark A 
(1995) High diagnostic accuracy for idiopathic Addison’s disease 
with a sensitive radio binding assay for autoantibodies against 
recombinant human 21-hydroxylase. J Clin Endocrinol Metab 
80:2752–2755

 64. Tanaka H, Perez MS, Powell M, Sanders JF, Sawicka J, Chen 
S, Prentice L, Asawa T, Betterle C, Volpato M, Rees Smith B, 
Furmaniak J (1997) Steroid 21-hydroxylase autoantibodies: 
measurements with a new immunoprecipitation assay. J Clin 
Endocrinol Metab 82:1440–1446

 65. Larosa MDP, Chen S, Steinmaus N, Macrae H, Guo L, Masiero 
S, Garelli S, Dalla Costa M, Bossowski A, Furmaniak J, Betterle 
C, Rees Smith B (2018) A new ELISA for autoantibodies to 
steroid 21-hydroxylase. Clin Chem Lab Med 56:933–938

 66. Falorni A, Chen S, Zanchetta R, Yu L, Tiberti C, Bacosi ML, 
Furmaniak J, Bini V, Dotta F, Eisenbarth GS, Smith BR, Betterle 
C (2011) Measuring adrenal autoantibody response: interlabora-
tory concordance in the first international serum exchange for the 
determination of 21-hydroxylase autoantibodies. Clin Immunol 
140:291–299

 67. Falorni A, Bini V, Betterle C, Brozzetti A, Castaño L, Fichna M, 
Kämpe O, Mellgren G, Peterson P, Chen S, Rönnelid J, Seissler J, 
Tiberti C, Uibo R, Yu L, Lernmark Å, Husebye E (2015) Deter-
mination of 21-hydroxylase autoantibodies: inter-laboratory 
concordance in the EurAdrenal International Serum Exchange 
Program. Clin Chem Lab Med 53:1761–1770

 68. Furmaniak J, Kominami S, Asawa T, Wedlock N, Colls J, Rees 
Smith B (1994) Autoimmune Addison’s disease-evidence for a 
role of steroid 21-hydroxylase autoantibodies in adrenal insuf-
ficiency. J Clin Endocrinol Metab 79:1517–1521

 69. Nikfarjam L, Kominami S, Yamazaki T, Chen S, Hewer R, Pra 
CD, Nakamatsu T, Betterle C, Zanchetta R, Rees Smith B, Fur-
maniak J (2005) Mechanism of inhibition of cytochrome P450 
C21 enzyme activity by autoantibodies from patients with Addi-
son’s disease. Eur J Endocrinol 152:95–101

 70. Boscaro M, Betterle C, Volpato M, Fallo F, Furmaniak J, 
Rees Smith B, Sonino N (1996) Hormonal responses during 
various phases of autoimmune adrenal failure: no evidence for 
21-hydroxylase enzyme activity inhibition in vivo. J Clin Endo-
crinol Metab 81:2801–2804

 71. Miguel RN, Chen S, Nikfarjam L, Kominami S, Carpenter B, 
Dal Prà C, Betterle C, Zanchetta R, Nakamatsu T, Powell M, 
Hewer R, Blundell TL, Rees Smith B, Furmaniak J (2005) 
Analysis of the interaction between human steroid 21-hydrox-
ylase and various monoclonal antibodies using comparative 
structural modelling. Eur J Endocrinol 153:949–961

 72. Pallan PS, Wang C, Lei L, Yoshimoto FK, Auchus RJ, Water-
man MR, Guengerich FP, Egli M (2015) Human cytochrome 
p450 21a2, the major steroid 21-hydroxylase: structure of the 
enzyme progesterone substrate complex and rate-limiting C–H 
bond cleavage. J Biol Chem 290:13128–13143

 73. Betterle C, Dal Prà C, Pedini B, Zanchetta R, Albergoni MP, 
Chen S, Furmaniak J, Rees Smith B (2004) Assessment of 
adrenocortical function and autoantibodies in a baby born to 



1429Journal of Endocrinological Investigation (2019) 42:1407–1433 

1 3

a mother with autoimmune polyglandular syndrome Type 2. J 
Endocrinol Invest 27:618–621

 74. Kriegel MA, Lohmann T, Gabler C, Blank N, Kalden JR, 
Lorenz HM (2004) Defective suppressor function of human 
CD4+ CD25+ regulatory T cells in autoimmune polyglandular 
syndrome type II. J Exp Med 199:1285–1291

 75. Husebye ES, Bratland E, Bredholt G, Fridkin M, Dayan M, 
Mozes E (2006) The substrate-binding domain of 21-hydrox-
ylase, the main autoantigen in autoimmune Addison’s dis-
ease, is an immunodominant T cell epitope. Endocrinology 
147:2411–2416

 76. Dawoodji A, Chen JL, Shepherd D, Dalin F, Tarlton A, Alimo-
hammadi M, Penna-Martinez M, Meyer G, Mitchell AL, Gan 
EH, Bratland E, Bensing S, Husebye ES, Pearce SH, Baden-
hoop K, Kämpe O, Cerundolo V (2014) High frequency of 
cytolytic 21-hydroxylase-specific CD8+ T cells in autoimmune 
Addison’s disease patients. J Immunol 193:2118–2126

 77. Betterle C, Sabbadin C, Garelli S, Dalla Costa M, Presotto F 
(2017) Malattie autoimmuni del surrene. In: Betterle C (ed) Le 
malattie autoimmuni, 2nd edn. Piccin, Padova, pp 145–166

 78. Betterle C, Zanette F, Zanchetta R, Pedini B, Trevisan A, Man-
tero F, Rigon F (1983) Complement-fixing adrenal autoanti-
bodies as a marker for predicting onset of idiopathic Addison’s 
disease. Lancet 1:1238–1241

 79. Betterle C, Volpato M, Rees Smith B, Furmaniak J, Chen S, 
Greggio NA, Sanzari M, Tedesco F, Pedini B, Boscaro M, 
Presotto F (1997) I. Adrenal cortex and steroid 21-hydroxylase 
autoantibodies in adult patients with organ-specific autoim-
mune diseases: markers of low progression to clinical Addi-
son’s disease. J Clin Endocrinol Metab 82:932–938

 80. Betterle C, Volpato M, Rees Smith B, Furmaniak J, Chen S, 
Zanchetta R, Greggio NA, Pedini B, Boscaro M, Presotto F 
(1997) II. Adrenal cortex and steroid 21-hydroxylase autoan-
tibodies in children with organ-specific autoimmune diseases: 
markers of high progression to clinical Addison’s disease. J 
Clin Endocrinol Metab 82:939–942

 81. Falorni A, Laureti S, Nikoshkov A, Picchio ML, Hallengren 
B, Vandewalle CL, Gorus FK, Tortoioli C, Luthman H, Bru-
netti P, Santeusanio F (1997) 21-hydroxylase autoantibodies in 
adult patients with endocrine autoimmune diseases are highly 
specific for Addison’s disease. Belgian Diabetes Registry. Clin 
Exp Immunol 107:341–346

 82. Laureti S, De Bellis A, Muccitelli VI, Calcinaro F, Bizzarro A, 
Rossi R, Bellastella A, Santeusanio F, Falorni A (1998) Lev-
els of adrenocortical autoantibodies correlate with the degree 
of adrenal dysfunction in subjects with preclinical Addison’s 
disease. J Clin Endocrinol Metab 83:3507–3511

 83. Yu L, Brewer KW, Gates S, Wu A, Wang T, Babu SR, Gottlieb 
PA, Freed BM, Noble J, Erlich HA, Rewers MJ, Eisenbarth GS 
(1999) DRB1*04 and DQ alleles: expression of 21-hydroxylase 
autoantibodies and risk of progression to Addison’s disease. J 
Clin Endocrinol Metab 84:328–335

 84. Dal Prà C, Chen S, Furmaniak J, Rees Smith B, Pedini B, 
Moscon A, Zanchetta R, Betterle C (2003) Autoantibodies 
to steroidogenic enzymes in patients with premature ovarian 
failure with and without Addison’s disease. Eur J Endocrinol 
148:565–570

 85. Betterle C (2004) Addison’s Disease and Autoimmune Polyglan-
dular Syndromes. In: Geenen V, Chrousos G (eds) Immunoendo-
crinology in health and disease. Marcel Dekker, New York, pp 
491–536

 86. Coco G, Dal Pra C, Presotto F, Albergoni MP, Canova C, Pedini 
B, Zanchetta R, Chen S, Furmaniak J, Rees Smith B, Mantero 
F, Betterle C (2006) Estimated risk for developing autoimmune 
Addison’s disease in patients with adrenal cortex autoantibodies. 
J Clin Endocrinol Metab 91:1637–1645

 87. Betterle C, Garelli S, Presotto F, Furmaniak J (2016) From 
appearance of adrenal autoantibodies to clinical symptoms of 
Addison’s disease: natural history. In: Arvat E, Falorni A (eds) 
Cortisol excess and insufficiency. Karger, Horm Res Basel, pp 
133–145

 88. Betterle C, Scalici C, Presotto F, Pedini B, Moro L, Rigon F, 
Mantero F (1988) The natural history of adrenal function in 
autoimmune patients with adrenal autoantibodies. J Endocrinol 
117:467–475

 89. Naletto L, Frigo AC, Ceccato F, Sabbadin C, Scarpa R, Presotto 
F, Dalla Costa M, Faggian D, Plebani M, Censi S, Manso J, Fur-
maniak J, Chen S, Rees Smith B, Masiero S, Pigliaru F, Boscaro 
M, Scaroni C, Betterle C (2019) The natural history of autoim-
mune Addison’s disease from the detection of autoantibodies to 
development of the disease: a long-term follow-up study on 143 
patients. Eur J Endocrinol. https ://doi.org/10.1530/eje-18-0313

 90. Baker PR, Nanduri P, Gottlieb PA, Yu L, Klingensmith GJ, 
Eisenbarth GS, Barker JM (2012) Predicting the onset of Addi-
son’s disease: ACTH, renin, cortisol and 21-hydroxylase autoan-
tibodies. Clin Endocrinol (Oxf) 76:617–624

 91. Manso J, Pezzani R, Scarpa R, Gallo N, Betterle C (2018) The 
natural history of autoimmune Addison’s disease with a non-
classical presentation: a case report and review of literature. Clin 
Chem Lab Med 56:896–900

 92. Lamand KY, Lo CY (2001) A critical examination of adrenal 
tuberculosis and a 28-year autopsy experience of active tuber-
culosis. Clin Endocrinol 54:633–639

 93. Upadhyay J, Sudhindra P, Abraham G, Trivedi N (2014) Tuber-
culosis of the adrenal gland: a case report and review of the 
literature of infections of the adrenal gland. Int J Endocrinol 
2014:876037

 94. Slavin RE, Walsh TJ, Pollack AD (1980) Late generalized 
tuberculosis: a clinical pathologic analysis and comparison 
of 100 cases in the preantibiotic and antibiotic eras. Medicine 
59:352–366

 95. Laway BA, Khan I, Shah BA, Choh NA, Bhat MA, Shah ZA 
(2013) Pattern of adrenal morphology and function in pulmonary 
tuberculosis: response to treatment with antitubercular therapy. 
Clin Endocrinol 79:321–325

 96. Guo YK, Yang ZG, Li Y, Ma ES, Deng YP, Min PQ, Yin LL, Hu 
J, Zhang XC, Chen TW (2007) Addison’s disease due to adrenal 
tuberculosis: contrast-enhanced CT features and clinical duration 
correlation. Eur J Radiol 62:126–131

 97. Alevritis EM, Sarubbi FA, Jordan RM, Peiris AN (2003) Infec-
tious causes of adrenal insufficiency. Review article. South Med 
J 96:888–890

 98. Adem PV, Montgomery CP, Husain AN, Koogler TK, Aran-
gelovich V, Humilier M, Boyle-Vavra S, Daum RS (2005) 
Staphylococcus aureus sepsis and the Waterhouse–Friderichsen 
syndrome in children. N Engl J Med 353:1245–1251

 99. Rajani K, Shapiro SR, Goetzman BW (1980) Adrenal abscess: 
complication of suppurative therapy of adrenal haemorrhage in 
the newborn. J Ped Surg 15:676–678

 100. Atkinson GO, Kodroff MB, Gay BB, Ricketts RR (1985) Adrenal 
abscess in the neonate. Radiology 155:101–104

 101. Agarwal J, Agarwal G, Ayyagari A, Kar DK, Mishra SK, Bha-
tia E (2001) Isolated Pneumocystis carinii infection of adrenal 
glands causing Addison’s disease in a non-immunocompro-
mised adult. Endocr Pathol 12:87–91

 102. Wheat J (1997) Histoplasmosis. Experience during out-
breaks in Indianapolis and review of the literature. Medicine 
76:339–354

 103. Chedid MF, Chedid AD, Geyer GR, Chedid MBF, Severo LC 
(2004) Histoplasmosis presenting as addisonian crisis in an 
immunocompetent host. Revista de Sociedade Brasiliera de 
Medicina Tropical 37:60–62

https://doi.org/10.1530/eje-18-0313


1430 Journal of Endocrinological Investigation (2019) 42:1407–1433

1 3

 104. Wong P, Houston S, Power B, Laloe E, Bain VG (2001) A case 
of Histoplasma capsulatum causing granulomatous liver disease 
and Addisonian crisis. Can J Gastroenterol 15:687–691

 105. Rimondi AP, Bianchini E, Barucchello G, Panzavolta R (1995) 
Addison’s disease caused by adrenal blastomycosis: a case refine 
needle aspiration (FNA) cytology. Cytopathology 6:277–279

 106. Faical S, Borri ML, Hauache OM, Ajazen S (1996) Addison’s 
disease caused by Paracoccidioides brasiliensis: diagnosis by 
needle aspiration biopsy of the adrenal gland. Am J Roentgenol 
166:461–462

 107. Shah B, Taylor HC, Pillay I, Chuang-Park M, Dobrinich R 
(1986) Adrenal insufficiency due to cryptococcosis. JAMA 
256:3247–3249

 108. Takeshita A, Nakazawa H, Akiyama H, Takeuchi K, Kawai 
R, Oohashi K, Shishiba Y (1992) Disseminated crytococcosis 
presenting with adrenal insufficiency meningitides: resistant to 
prolonged antifungal therapy but responding to bilateral adrenal-
ectomy. Intern Med 31:1401–1405

 109. Spellberg BG, Filler SG, Edward JE (2006) Current treatment 
strategies for disseminated candidiasis. Clin Infect Dis 42:244–
251. https ://doi.org/10.1086/49905 7

 110. Norbiato G, Bevilacqua M, Vago T, Baldi G, Chebat E, Bertora 
P, Moroni M, Galli M, Oldenburg N (1992) Cortisol resistance in 
acquired immunodeficiency syndrome. J Clin Endocrinol Metab 
74:608–613

 111. Opocher G, Mantero F (1994) Adrenal complications of HIV 
infection. Baillieres Clin Endocrinol Metab 8:769–776

 112. Sokalski KM, Chu J, Mai AY, Qiu AQ, Albert AY, Zanet DL, 
Côté HC, Maan EJ, Pick N, Prior JC, Money DM, Murray MC 
(2016) CIHR team grant on HIV therapy and aging: CARMA. 
Endocrine abnormalities in HIV-infected women are associ-
ated with peak viral load—the children and women: antiretro-
virals and markers of aging (CARMA) cohort. Clin Endocrinol 
84:452–462

 113. Ruiz-Palacios G, Pickering LK, van Eys J, Conklin R (1977) 
Disseminated herpes simplex with hepato-adrenal necrosis in a 
child with acute leucemia. J Pediatr 91:757–759

 114. Danby P, Harris KP, Williams B, Feehally J, Walls J (1990) 
Adrenal dysfunction in patients with renal amyloidosis. Q J Med 
76:915–922

 115. Arik N, Tasdemir I, Karaaslan Y, Yasavul U, Turgan C, Caglar S 
(1990) Subclinical adrenocortical insufficiency in renal amyloi-
dosis. Subclinical adrenocortical insufficiency in renal amyloi-
dosis. Nephron 56:246–248

 116. El-Reshaid KA, Hakim AA, Hourani HA, Seshadri MS (1994) 
Endocrine abnormalities in patients with amyloidosis. Ren Fail 
16:725–730

 117. Falk RH, Comenzo R, Skinner M (1997) The systemic amyloi-
dosis. N Engl J Med 337:898–909

 118. Varkonyi J (2000) A case of non-HFE juvenile haemochromato-
sis presenting with adrenocortical insufficiency. Brit J Haematol 
109:248–253

 119. Doppman JL (2001) Adrenal Imaging. In: De Groot LJ, Jameson 
JL (eds) Endocrinology, 4th edn. Saunders Co., Philadelphia, pp 
1747–1766

 120. Mayock RL, Bertrand P, Morrison CE, Scott JH (1963) Mani-
festations of sarcoidosis: analysis of 145 patients with a review 
of nine series selected from the literature. Am J Med 35:67–87

 121. Walz B, From GLA (1990) Addison’s disease and sarcoidosis: 
unusual frequency of coexisting hypothyroidism (Schmidt’s syn-
drome). Am J Med 89:669–692

 122. Watson JP, Lewis RA (1996) Schmidt’s syndrome associated 
with sarcoidosis. Postgrad Med J 72:435–436

 123. Papadopoulos KI, Hornblad Y, Liljebladh H, Hallegren B (1996) 
High frequency of endocrine autoimmune in patients with sar-
coidosis. Eur J Endocrinol 134:331–336

 124. Roucher-Boulez F, Mallet-Motak D, Samara-Boustani D, Jilani 
H, Ladjouze A, Souchon PF, Simon D, Nivot S, Heinrichs C, 
Ronze M, Bertagna X, Groisne L, Leheup B, Naud-Saudreau 
C, Blondin G, Lefevre C, Lemarchand L, Morel Y (2016) NNT 
mutations: a cause of primary adrenal insufficiency, oxidative 
stress and extra-adrenal defects. Eur J Endocrinol 175:73–84

 125. Flück CE (2017) Update on pathogenesis of primary adrenal 
insufficiency: beyond steroid enzyme deficiency and autoimmune 
adrenal destruction. Eur J Endocrinol 177:99–111

 126. Malikova JK, Flück CE (2014) Novel insight into etiology, diag-
nosis and management of primary adrenal insufficiency. Horm 
Res Paediatr 82:145–157

 127. Vaidya B, Pearce S, Kendall-Taylor P (2000) Recent advances 
in the molecular genetics of congenital and acquired primary 
adrenocortical failure. Clin Endocrinol 53:403–418

 128. Horn MA, Retterstøl L, Abdelnoor M, Skjeldal OH, Tallaksen 
CM (2013) Adrenoleukodystrophy in Norway: high rate of de 
novo mutations and age-dependent penetrance. Pediatr Neurol 
48:212–219

 129. Burtman E, Regelmann MO (2016) Endocrine dysfunction in 
X-linked adrenoleukodystrophy. Endocrinol Metab Clinics 
45:295–309

 130. Jadhav U, Harris RM, Jameson JL (2011) Hypogonadotropic 
hypogonadism in subjects with DAX1 mutations. Mol Cell Endo-
crinol 346:65–73

 131. Presotto F, Fornasini F, Betterle C, Federspil G, Rossato M 
(2005) Acute adrenal failure as the heralding symptom of pri-
mary antiphospholipid syndrome: report of a case and review of 
the literature. Eur J Endocrinol 153:507–514

 132. Kamenický P, Droumaguet C, Salenave S, Blanchard A, Jublanc 
C, Gautier JF, Brailly-Tabard S, Leboulleux S, Schlumberger M, 
Baudin E, Chanson P, Young J (2011) Mitotane, metyrapone, and 
ketoconazole combination therapy as an alternative to rescue 
adrenalectomy for severe ACTH-dependent Cushing’s syndrome. 
J Clin Endocrinol Metab 96:2796–2804

 133. Fonseca V, Brown R, Hochhauser D, Ginsburg J, Havard CW 
(1986) Acute adrenal crisis precipitated by thyroxine. Br Med J 
(Clin Res Ed) 292:1185–1186

 134. Seckl JR, Chapman KE (1997) Medical and physiological aspects 
of the 11 beta-hydroxysteroid dehydrogenase system. Eur J Bio-
chem 249:361–364

 135. Lodish MB (2013) Kinase inhibitors: adverse effects related to 
the endocrine system. J Clin Endocrinol Metab 98:1333–1342

 136. Abdel-Rahman O, El Halawani H, Mona Fouad M (2016) Risk of 
endocrine complications in cancer patients treated with immune 
check point inhibitors: a meta-analysis. Future Oncol 12:413–425

 137. Faje AT, Sullivan R, Lawrence D, Tritos NA, Fadden R, Kliban-
ski A, Nachtigall L (2014) Ipilimumab-induced hypophysitis: a 
detailed longitudinal analysis in a large cohort of patients with 
metastatic melanoma. J Clin Endocrinol Metab 99:4078–4085

 138. Hescot S, Haissaguerre M, Pautier P, Kuhn E, Schlumberger M, 
Berdelou A (2018) Immunotherapy-induced Addison’s disease: 
a rare, persistent and potentially lethal side-effect. Eur J Cancer 
97:57–58

 139. Broersen LH, Pereira AM, Jørgensen JO, Dekkers OM (2015) 
Adrenal Insufficiency in corticosteroids use: systematic review 
and meta-analysis. J Clin Endocrinol Metab 100:2171–2180

 140. Løvås K, Husebye ES (2002) High prevalence and increasing 
incidence of Addison’s disease in western Norway. Clin Endo-
crinol (Oxf) 56:787–791

 141. Rashidi A, Fisher SI (2013) Primary adrenal lymphoma: a sys-
tematic review. Ann Hematol 92:1583–1593

 142. Ten S, New M, Maclaren N (2001) Clinical review 130: Addi-
son’s disease 2001. J Clin Endocrinol Metab 86:2909–2922

https://doi.org/10.1086/499057


1431Journal of Endocrinological Investigation (2019) 42:1407–1433 

1 3

 143. Brandão Neto RA, de Carvalho JF (2014) Diagnosis and classi-
fication of Addison’s disease (autoimmune adrenalitis). Autoim-
mun Rev 89:408–411

 144. Armstrong L, Bell PM (1996) Addison’s disease presented as 
reduced insulin requirement in insulin dependent diabetes. Br 
Med J 312:1601–1602

 145. Saevik ÅB, Åkerman AK, Grønning K, Nermoen I, Valland SF, 
Finnes TE, Isaksson M, Dahlqvist P, Bergthorsdottir R, Ekwall 
O, Skov J, Nedrebø BG, Hulting AL, Wahlberg J, Svartberg J, 
Höybye C, Bleskestad IH, Jørgensen AP, Kämpe O, Øksnes M, 
Bensing S, Husebye ES (2017) Clues for early detection of auto-
immune Addison’s disease-myths and realities. J Int Med. https 
://doi.org/10.1111/joim.12699 

 146. Kanczkowski W, Sue M, Bornstein SR (2016) Adrenal gland 
microenvironment and its involvement in the regulation of stress-
induced hormone secretion during sepsis. Front Endocrinol 
7:156. https ://doi.org/10.3389/fendo .2016.00156 

 147. Allolio B (2015) Extensive expertise in endocrinology: adrenal 
crisis. Eur J Endocrinol 172:R115–R124

 148. Hahner S, Spinnler C, Fassnacht M, Burger-Stritt S, Lang K, 
Milovanovic D, Beuschlein F, Willenberg HS, Quinkler M, Allo-
lio B (2015) High incidence of adrenal crisis in educated patients 
with chronic adrenal insufficiency: a prospective study. J Clin 
Endocrinol Metab 100:407–416

 149. Meyer G, Badenhoop K, Linder R (2016) Addison’s disease with 
polyglandular autoimmunity carries a more than 2.5-fold risk for 
adrenal crises: German Health insurance data 2010–2013. Clin 
Endocrinol (Oxf) 85:347–353

 150. Reato G, Morlin L, Chen S, Furmaniak J, Smith BR, Masiero S, 
Albergoni MP, Cervato S, Zanchetta R, Betterle C (2011) Pre-
mature ovarian failure in patients with autoimmune Addison’s 
disease: clinical, genetic, and immunological evaluation. J Clin 
Endocrinol Metab 96:E1255–E1261

 151. Hoek A, Schoemaker J, Drexage HA (1997) Premature ovarian 
failure and ovarian autoimmunity. Endocrine Rev 18:107–134

 152. Erichsen MM, Husebye ES, Michelsen TM, Dahl AA, Løvås K 
(2010) Sexuality and fertility in women with Addison’s disease. 
J Clin Endocrinol Metab 95:4354–4360

 153. Granata A, Tirabassi G, Pugni V, Arnaldi G, Boscaro M, Carani 
C, Balercia G (2013) Sexual dysfunctions in men affected by 
autoimmune Addison’s disease before and after short-term 
gluco- and mineralocorticoid replacement therapy. J Sex Med 
2036–2043

 154. Barthel A, Benker G, Berens K, Diederich S, Manfras B, Gruber 
M, Kanczkowski W, Kline G, Kamvissi-Lorenz V, Hahner S, 
Beuschlein F, Brennand A, Boehm BO, Torpy DJ, Bornstein ST 
(2019) An Update on Addison’s Disease. Exp Clin Endocrinol 
Diabetes 127:165–170

 155. Struja T, Briner L, Meier A, Kutz A, Mundwiler E, Huber A, 
Mueller B, Bernasconi L, Schuetz P (2017) Diagnostic accuracy 
of basal cortisol level to predict adrenal insufficiency in cosyn-
tropin testing: results from an observational cohort study with 
804 patients. Endocr Pract 23:949–961

 156. Hangaard J, Andersen M, Grodum E, Koldkjaer O, Hagen C 
(1996) Pulsatile thyrotropin secretion in patients with Addison’s 
disease during variable glucocorticoid therapy. J Clin Endocrinol 
Metab 81:2502–2507

 157. Boelaert K, Newby PR, Simmonds MJ, Holder RL, Carr-Smith 
JD, Heward JM, Manji N, Allahabadia A, Armitage M, Chatter-
jee KV, Lazarus JH, Pearce SH, Vaidya B, Gough SC, Franklyn 
JA (2010) Prevalence and relative risk of other autoimmune dis-
eases in subjects with autoimmune thyroid disease. Am J Med 
123:183.e1–183.e9

 158. Wiebolt J, Achterbergh R, den Boer A, van der Leij S, Marsch 
E, Suelmann B, de Vries R, van Haeften TW (2011) Clustering 
of additional autoimmunity behaves differently in Hashimoto’s 

patients compared with Graves’ patients. Eur J Endocrinol 
164:789–794

 159. Falorni A, Laureti S, De Bellis A, Zanchetta R, Tiberti C, Arnaldi 
G, Bini V, Beck-Peccoz P, Bizzarro A, Dotta F, Mantero F, Bel-
lastella A, Betterle C, Santeusanio F (2004) SIE Addison Study 
Group. Italian Addison Network Study: update of diagnostic cri-
teria for the etiological classification of primary adrenal insuf-
ficiency. J Clin Endocrinol Metab 89:1598–1604

 160. Ramon I, Mathian A, Bachelot A, Hervier B, Haroche J, Boutin-
Le Thi Huong D, Costedoat-Chalumeau N, Wechsler B, Karmali 
R, Velkeniers B, Touraine P, Coussieu C, Bennani A, Renard-
Penna R, Grenier PA, Wahl D, Piette JC, Amoura Z (2013) Pri-
mary adrenal insufficiency due to bilateral adrenal hemorrhage-
adrenal infarction in the antiphospholipid syndrome: long-term 
outcome of 16 patients. J Clin Endocrinol Metab 98:3179–3189

 161. Langlois F, Lim DST, Fleseriu M (2017) Update on adrenal 
insufficiency: diagnosis and management in pregnancy. Curr 
Opin Endocrinol Diabetes Obes 24:184–192

 162. Schneiderman M, Czuzoj-Shulman N, Spence AR, Abenhaim 
HA (2017) Maternal and neonatal outcomes of pregnancies in 
women with Addison’s disease: a population-based cohort study 
on 7.7 million births. BJOG 124:1772–1779

 163. Lebbe M, Arlt W (2013) What is the best diagnostic and thera-
peutic management strategy for an Addison patient during preg-
nancy? Clin Endocrinol 78:497–502

 164. Esteban NV, Loughlin T, Yergey AL, Zawadzki JK, Booth JD, 
Winterer JC, Loriaux DL (1991) Daily cortisol production rate 
in man determined by stable isotope dilution/mass spectrometry. 
J Clin Endocrinol Metab 72:39–45

 165. Kraan GP, Dullaart RP, Pratt JJ, Wolthers BG, Drayer NM, De 
Bruin R (1998) The daily cortisol production reinvestigated 
in healthy men. The serum and urinary cortisol production 
rates are not significantly different. J Clin Endocrinol Metab 
83:1247–1252

 166. Johannsson G, Falorni A, Skrtic S, Lennernäs H, Quinkler M, 
Monson JP, Stewart PM (2015) Adrenal insufficiency: review 
of clinical outcomes with current glucocorticoid replacement 
therapy. Clin Endocrinol (Oxf) 82:2–11

 167. Johannsson G, Bergthorsdottir R, Nilsson AG, Lennernas H, 
Hedner T, Skrtic S (2009) Improving glucocorticoid replacement 
therapy using a novel modified-release hydrocortisone tablet: a 
pharmacokinetic study. Eur J Endocrinol 161:119–130

 168. Johannsson G, Nilsson AG, Bergthorsdottir R, Burman P, 
Dahlqvist P, Ekman B, Engström BE, Olsson T, Ragnarsson 
O, Ryberg M, Wahlberg J, Biller BM, Monson JP, Stewart PM, 
Lennernäs H, Skrtic S (2012) Improved cortisol exposure-time 
profile and outcome in patients with adrenal insufficiency: a pro-
spective randomized trial of a novel hydrocortisone dual-release 
formulation. J Clin Endocrinol Metab 97:473–481

 169. Quinkler M, Miodini Nilsen R, Zopf K, Ventz M, Øksnes M 
(2015) Modified-release hydrocortisone decreases BMI and 
HbA1c in patients with primary and secondary adrenal insuf-
ficiency. Eur J Endocrinol 172:619–626

 170. Johannsson G, Lennernäs H, Marelli C, Rockich K, Skrtic S 
(2016) Achieving a physiological cortisol profile with once-
daily dual-release hydrocortisone: a pharmacokinetic study. Eur 
J Endocrinol 175:85–93

 171. Giordano R, Guaraldi F, Marinazzo E, Fumarola F, Rampino A, 
Berardelli R, Karamouzis I, Lucchiari M, Manetta T, Mengozzi 
G, Arvat E, Ghigo E (2016) Improvement of anthropometric 
and metabolic parameters, and quality of life following treat-
ment with dual-release hydrocortisone in patients with Addison’s 
disease. Endocrine 51:360–368

 172. Isidori AM, Venneri MA, Graziadio C, Simeoli C, Fiore D, 
Hasenmajer V, Sbardella E, Gianfrilli D, Pozza C, Pasqualetti 
P, Morrone S, Santoni A, Naro F, Colao A, Pivonello R, Lenzi 

https://doi.org/10.1111/joim.12699
https://doi.org/10.1111/joim.12699
https://doi.org/10.3389/fendo.2016.00156


1432 Journal of Endocrinological Investigation (2019) 42:1407–1433

1 3

A (2018) Effect of once-daily, modified-release hydrocortisone 
versus standard glucocorticoid therapy on metabolism and innate 
immunity in patients with adrenal insufficiency (DREAM): a 
single-blind, randomised controlled trial. Lancet Diabetes Endo-
crinol 6:173–185

 173. Guarnotta V, Ciresi A, Pillitteri G, Giordano C (2018) Improved 
insulin sensitivity and secretion in prediabetic patients with 
adrenal insufficiency on dual-release hydrocortisone treatment: 
a 36-month retrospective analysis. Clin Endocrinol 88:665–672

 174. Ceccato F, Selmin E, Sabbadin C, Miriam Costa M, Antonelli G, 
Plebani M, Barbot M, Betterle C, Boscaro M, Scaroni C (2018) 
Improved salivary cortisol rhythm with dual-release hydrocorti-
sone. Endocrine Connect 7:965–974

 175. Boesen VB, Christoffersen T, Watt T, Borresen SW, Klose M, 
Feldt-Rasmussen U (2018) PlenadrEMA: effect of dual-release 
versus conventional hydrocortisone on fatigue, measured by eco-
logical momentary assessments: a study protocol for an open-
label switch pilot study. BMJ Open 8:e019487

 176. Whitaker M, Debono M, Huatan H, Merke D, Arlt W, Ross RJ 
(2014) An oral multiparticulate, modified-release, hydrocorti-
sone replacement therapy that provides physiological cortisol 
exposure. Clin Endocrinol (Oxf) 80:554–561

 177. Verma S, Vanryzin C, Sinaii N, Kim MS, Nieman LK, Ravindran 
S, Calis KA, Arlt W, Ross RJ, Merke DP (2010) A pharmacoki-
netic and pharmacodynamic study of delayed- and extended-
release hydrocortisone (Chronocort) vs. conventional hydrocor-
tisone (Cortef) in the treatment of congenital adrenal hyperplasia. 
Clin Endocrinol (Oxf) 72:441–447

 178. Nella AA, Mallappa A, Perritt AF, Gounden V, Kumar P, Sinaii 
N, Daley LA, Ling A, Liu CY, Soldin SJ, Merke DP (2016) A 
phase 2 study of continuous subcutaneous hydrocortisone infu-
sion in adults with congenital adrenal hyperplasia. J Clin Endo-
crinol Metab 101:4690–4698

 179. Jones CM, Mallappa A, Reisch N, Nikolaou N, Krone N, Hughes 
BA, O’Neil DM, Whitaker MJ, Tomlinson JW, Storbeck KH, 
Merke DP, Ross RJ, Arlt W (2017) Modified-release and conven-
tional glucocorticoids and diurnal androgen excretion in congeni-
tal adrenal hyperplasia. J Clin Endocrinol Metab 102:1797–1806

 180. Reznik Y (2016) Therapeutic innovations in endocrine diseases. 
Part 2: modified-release glucocorticoid compounds: what good 
do they provide to the adrenal insufficient patient? Presse Med 
45:e205–e210

 181. Whitaker MJ, Spielmann S, Digweed D, Huatan H, Eckland 
D, Johnson TN, Tucker G, Krude H, Blankenstein O, Ross RJ 
(2015) Development and testing in healthy adults of oral hydro-
cortisone granules with taste masking for the treatment of neo-
nates and infants with adrenal insufficiency. J Clin Endocrinol 
Metab 100:1681–1688

 182. Neumann U, Whitaker MJ, Wiegand S, Krude H, Porter J, Davies 
M, Digweed D, Voet B, Ross RJ, Blankenstein O (2018) Absorp-
tion and tolerability of taste-masked hydrocortisone granules in 
neonates, infants and children under 6 years of age with adrenal 
insufficiency. Clin Endocrinol (Oxf) 88:21–29

 183. Merza Z, Rostami-Hodjegan A, Memmott A, Doane A, Ibbotson 
V, Newell-Price J, Tucker GT, Ross RJ (2006) Circadian hydro-
cortisone infusions in patients with adrenal insufficiency and 
congenital adrenal hyperplasia. Clin Endocrinol (Oxf) 65:45–50

 184. Løvås K, Husebye ES (2007) Continuous subcutaneous hydro-
cortisone infusion in Addison’s disease. Eur J Endocrinol 
157:109–112

 185. Burger-Stritt S, Bachmann L, Kurlbaum M, Hahner S (2019) 
Emergency treatment of adrenal crisis with prednisone supposi-
tories: a bioequivalence study in female patients with Addison’s 
disease. Endocrine Connect 8:425–434

 186. Esposito D, Pasquali D, Johannsson G (2018) Primary adrenal 
insufficiency: managing mineralocorticoid replacement therapy. 
J Clin Endocrinol Metab 103:376–387

 187. Schultebraucks K, Wingenfeld K, Otte C, Quinkler M (2016) The 
role of fludrocortisone in cognition and mood in patients with 
primary adrenal insufficiency (Addison’s disease). Neuroendo-
crinology 103:315–320

 188. Quinkler M, Dahlqvist P, Husebye ES, Kämpe OA (2015) Euro-
pean Emergency Card for adrenal insufficiency can save lives. 
Eur J Intern Med 26:75–76

 189. Salem M, Tainsh RE Jr, Bromberg J, Loriaux DL, Chernow B 
(1994) Perioperative glucocorticoid coverage. A reassessment 
42 years after emergence of a problem. Ann Surg 219:416–425

 190. Khoo B, Boshier PR, Freethy A, Tharakan G, Saeed S, Hill 
N, Williams EL, Moorthy K, Tolley N, Jiao LR, Spalding D, 
Palazzo F, Meeran K, Tan T (2017) Redefining the stress cortisol 
response to surgery. Clin Endocrinol 87:451–458

 191. Prete A, Yan Q, Al-Tarrah K, Akturk HK, Prokop LJ, Alahdab 
F, Foster MA, Lord JM, Karavitaki N, Wass JA, Murad MH, 
Arlt W, Bancos I (2018) The cortisol stress response induced by 
surgery: a systematic review and meta-analysis. Clin Endocrinol 
(Oxf) 89:554–567

 192. Simunkova K, Jovanovic N, Rostrup E, Methlie P, Øksnes M, 
Nilsen RM, Hennø H, Tilseth M, Godang K, Kovac A, Løvås 
K, Husebye ES (2016) Effect of a pre-exercise hydrocortisone 
dose on short-term physical performance in female patients with 
primary adrenal failure. Eur J Endocrinol 174:97–105

 193. Napier C, Pearce SHS (2012) Autoimmune Addison’s disease. 
La Presse Médicale 41:e626–e635

 194. Wass JAH, Arlt W (2012) How to avoid precipitating an acute 
adrenal crisis. BMJ 345:e6333

 195. Hahner S, Burger-Stritt S, Allolio B (2013) Subcutaneous hydro-
cortisone administration for emergency use in adrenal insuffi-
ciency. Eur J Endocrinol 169:147–154

 196. De Bellis A, Bizzarro A, Rossi R, Paglionico VA, Criscuolo 
T, Lombardi G, Bellastella A (1993) Remission of subclinical 
adrenocortical failure in subjects with adrenal autoantibodies. J 
Clin Endocrinol Metab 76:1002–1007

 197. De Bellis AM, Falorni A, Laureti S, Perrino S, Coronella C, 
Forini F, Bizzarro E, Bizzarro A, Abbate G, Bellastella A (2001) 
Time course of 21-hydroxylase antibodies and long-term remis-
sion of subclinical autoimmune adrenalitis after corticosteroid 
therapy: case report. J Clin Endocrinol Metab 86:675–678

 198. Salvi M, Vannucchi G, Campi I, Currò N, Simonetta S, Covelli 
D, Pignataro L, Guastella C, Rossi S, Bonara P, Dazzi D, Ratiglia 
R, Beck-Peccoz P (2009) Rituximab treatment in a patient with 
severe thyroid-associated ophthalmopathy: effects on orbital lym-
phocytic infiltrates. Clin Immunol 131:360–365

 199. El Fassi D, Banga JP, Gilbert JA, Padoa C, Hegedüs L, Nielsen 
CH (2009) Treatment of Graves’ disease with rituximab specifi-
cally reduces the production of thyroid stimulating autoantibod-
ies. Clin Immunol 130:252–258

 200. Beck A, Wurch T, Bailly C, Corvaia N (2010) Strategies and 
challenges for the next generation of therapeutic antibodies. Nat 
Rev Immunol 10:345–352

 201. Nelson A, Dhimolea E, Rechert JM (2010) Development trends 
for human monoclonal antibody therapeutics. Nat Rev Drug Disc 
9:767–774

 202. Yu L, Herold K, Krause-Steinrauf H, McGee PL, Bundy B, Pug-
liese A, Krischer J, Eisenbarth GS (2011) Type 1 Diabetes Trial 
Net Anti-CD20 Study Group. Rituximab selectively suppresses 
specific islet antibodies. Diabetes 60:2560–2565

 203. Salvi M, Vannucchi G, Currò N, Introna M, Rossi S, Bonara P, 
Covelli D, Dazzi D, Guastella C, Pignataro L, Ratiglia R, Golay 



1433Journal of Endocrinological Investigation (2019) 42:1407–1433 

1 3

J, Beck-Peccoz P (2012) Small dose of rituximab for Graves’ 
orbitopathy: new insights into the mechanism of action. Arch 
Ophthalmol 130:122–124

 204. Pearce SH, Mitchell AL, Bennett S, King P, Chandran S, Nag S, 
Chen S, Rees Smith B, I’aacs JD, Vaidya B (2012) Adrenal ster-
oidogenesis after B lymphocyte depletion therapy in new-onset 
Addison’s disease. J Clin Endocrinol Metab 97:E1927–E1932

 205. Gan EH, Pearce SH (2017) Management of endocrine disease: 
regenerative therapies in autoimmune Addison’s disease. Eur J 
Endocrinol 176:R123–R135

 206. Gan EH, MacArthur K, Mitchell AL, Hughes BA, Perros P, Ball 
SG, James RA, Quinton R, Chen S, Furmaniak J, Arlt W, Pearce 
SH (2014) Residual adrenal function in autoimmune Addison’s 
disease: improvement after tetracosactide (ACTH 1-24) treat-
ment. J Clin Endocrinol Metab 99:111–118

 207. Løvås K, Curran S, Oksnes M, Husebye ES, Huppert FA, Chat-
terjee VK (2010) Development of a disease-specific quality of 
life questionnaire in Addison’s disease. J Clin Endocrinol Metab 
95:545–551

 208. Øksnes M, Bensing S, Hulting AL, Kämpe O, Hackemann A, 
Meyer G, Badenhoop K, Betterle C, Parolo A, Giordano R, 
Falorni A, Papierska L, Jeske W, Kasperlik-Zaluska AA, Chatter-
jee VK, Husebye ES, Løvås K (2012) Quality of life in European 
patients with Addison’s disease: validity of the disease-specific 
questionnaire AddiQoL. J Clin Endocrinol Metab 97:568–576

 209. Bergthorsdottir R, Leonsson-Zachrisson M, Odén A, Johanns-
son G (2006) Premature mortality in patients with Addison’s 
disease: a population-based study. J Clin Endocrinol Metab 
91:4849–4853

 210. Bensing S, Brandt L, Tabaroj F, Sjöberg O, Nilsson B, Ekbom A, 
Blomqvist P, Kämpe O (2008) Increased death risk and altered 
cancer incidence pattern in patients with isolated or combined 
autoimmune primary adrenocortical insufficiency. Clin Endo-
crinol (Oxf) 69:697–704

 211. Erichsen MM, Løvås K, Fougner KJ, Svartberg J, Hauge ER, 
Bollerslev J, Berg JP, Mella B, Husebye ES (2009) Normal over-
all mortality rate in Addison’s disease, but young patients are at 
risk of premature death. Eur J Endocrinol 160:233–237

 212. Chantzichristos D, Persson A, Eliasson B, Miftaraj M, Franzén 
S, Bergthorsdottir R, Gudbjörnsdottir S, Svensson AM, Johanns-
son G (2017) Mortality in patients with diabetes mellitus and 
Addison’s disease: a nationwide, matched, observational cohort 
study. Eur J Endocrinol 176:31–39

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Epidemiology, pathogenesis, and diagnosis of Addison’s disease in adults
	Abstract
	Background 
	Purpose 
	Conclusions 

	History
	Epidemiology
	Etiology and pathogenesis
	Autoimmune Addison’s disease (AAD)
	Autoimmune polyendocrine syndrome type 2 (APS-2)
	Autoimmune polyendocrine syndrome type 1 (APS-1)
	Autoimmune polyendocrine syndrome type 4 (APS-4)
	Isolated form
	Monitoring for associated autoimmune diseases
	Pathological findings
	Family history of AAD and of other autoimmune diseases
	Pathogenesis
	Natural history

	Non-autoimmune forms
	Infectious
	Infiltrative, dysmetabolic and granulomatous
	Genetic
	Vascular
	Drug induced
	Neoplastic
	Surgical


	Clinical manifestations
	Acute adrenal insufficiency (Addisonian crisis)
	Sexuality and fertility
	Laboratory diagnosis
	Imaging
	Diagnostic work-up
	Pregnancy in patients with AD
	Therapies
	Conventional therapy with oral glucocorticoids
	Therapy with oral modified-release or parenteral hydrocortisone
	Therapy with mineralocorticoids
	Therapy with androgens
	Prevention and management of adrenal insufficiency in patients on replacement therapy during stressful events
	Interferences with glucocorticoids and mineralocorticoid therapy
	Therapy of AD crisis

	Emergency card
	Therapy to modify the natural history of AAD
	Immunosuppressive drugs
	Regenerative therapy

	Evaluation of quality of life
	Prognosis and mortality
	References




