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ing the largest cohort of such patients from a single geo-
graphic area. In the remaining 2 patients, no clear etiology 
was identified.  Conclusions:  We recommend genetic testing 
for patients who have negative anti-adrenal antibodies or 
suggestive family history. Diagnosing a genetic etiology can 
provide information about prognosis and treatment, and is 
therefore beneficial for patients. Our high proportion of pa-
tients with nonclassic lipoid congenital adrenal hyperplasia 
likely represents a founder effect.  © 2015 S. Karger AG, Basel 

 Introduction 

 The most common cause of primary adrenocortical 
insufficiency (AI) is autoimmune destruction of the ad-
renal glands  [1] . The incidence in adults is 120 per mil-
lion  [2] . Autoimmune AI most often affects young and 
middle-aged individuals and is more common in females 
 [3] . Anti-adrenal antibodies are detectable in about 55–
90% of adult patients  [4] . The pathological mechanism 
leading to destruction of the adrenal gland remains un-
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 Abstract 

  Background/Aims:  Primary adrenal insufficiency (AI) is an 
important cause of morbidity in children. Our objectives 
were: (1) to describe the clinical presentation of children 
with new-onset primary AI, and (2) to identify monogenic 
causes of primary AI in children.  Methods:  Chart review and 
mutation detection in candidate genes were conducted for 
11 patients with primary AI.  Results:  The likely cause of AI 
was determined in 9 patients. One had a homozygous  MC2R 
 mutation associated with familial glucocorticoid deficiency. 
Two had the same homozygous mutation in the  AIRE  gene 
which is associated with type 1 autoimmune polyglandular 
syndrome. One patient had a heterozygous change in this 
gene of undetermined significance. Five were homozygous 
for the previously reported p.R188C  STAR  mutation causing 
nonclassic lipoid congenital adrenal hyperplasia, represent-
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known  [3] ; however, there are associations with certain 
HLA types (HLA-DR3, CTLA-4)  [5] . Like type 1 diabe-
tes, the incidence of AI may be increasing  [6] , indicating 
that environmental factors may play a role in the patho-
genesis of AI.

  Familial glucocorticoid deficiency (FGD), also known 
as hereditary unresponsiveness to ACTH (OMIM No. 
202200), is a rare condition in which there is lack of re-
sponse to ACTH. This leads to adrenal insufficiency with 
subnormal glucocorticoid levels, preserved aldosterone 
secretion and significantly elevated plasma ACTH levels. 
Of note, patients may have mild derangements of the re-
nin-angiotensin-aldosterone axis at presentation, which 
may be transient  [7] . In studies conducted by Meimari-
dou et al.  [8] , mutations in the ACTH receptor gene 
 (MC2R)  accounted for 25% of cases, mutations in the 
melanocortin receptor accessory protein gene  (MRAP)  
accounted for 20%, and mutations in the steroidogenic 
acute regulatory protein  (STAR)  gene accounted for 2.5% 
of cases. Mutations in the mini-chromosome mainte-
nance-deficient 4 homologue  (MCM4)  and nicotinamide 
nucleotide transhydrogenase  (NNT)  genes, which are in-
volved in DNA replication and antioxidant defense, have 
been recognized in other patients with FGD and may be 
involved in the pathophysiology of adrenal malfunction 
 [9, 10] . Mutations in  TXNRD2 , which encodes the mito-
chondrial selenoprotein thioredoxin reductase 2, have 
also recently been implicated in FGD  [11] .

  Autoimmune Addison’s disease may occur as a com-
ponent of several polyglandular syndromes. Type 1 auto-
immune polyglandular syndrome (APS-1, APECED, au-
toimmune polyendocrinopathy-candidiasis-ectodermal 
dystrophy; OMIM No. 240300) usually presents in child-
hood. This condition is traditionally characterized by 
chronic mucocutaneous candidiasis, hypoparathyroid-
ism and adrenal insufficiency, in addition to other auto-
immune disorders. It is inherited in an autosomal reces-
sive manner, and is due to mutations in the  AIRE  gene  
 that has been mapped to chromosome 21q22.3  [12] . Type 
2 autoimmune polyglandular syndrome (APS-2) consists 
of primary AI associated with autoimmune thyroid dis-
ease (Schmidt syndrome) or type 1 diabetes (Carpenter 
syndrome) and other autoimmune disorders. The under-
lying pathophysiology of APS-2 is not fully understood.

  Classic lipoid congenital adrenal hyperplasia (LCAH; 
OMIM No. 201710) due to mutations in the  STAR  pro-
tein gene is a very severe form of adrenal hyperplasia. 
Adrenal and gonadal steroidogenesis is severely im-
paired due to a defect in the conversion of cholesterol to 
pregnenolone  [13] . Patients present in infancy with signs 

and symptoms of mineralocorticoid and glucocorticoid 
deficiency. In XY infants, the external genitalia may ap-
pear female due to failure of the testes to produce testos-
terone  [14] . Baker et al.  [14]  first described a nonclassic 
form of LCAH which presents like Addison’s disease 
rather than congenital adrenal hyperplasia (CAH). The 
patients present with primary adrenal insufficiency in 
childhood, and males may have near-normal genital de-
velopment  [15] .

  Subjects and Methods 

 The patients in this study are from the island portion of New-
foundland and Labrador (NL), which is the easternmost province 
in Canada (current estimated population: 527,000)  [16] . The pop-
ulation of NL mainly consists of the descendants of about 20,000 
English and Irish immigrants who settled in the province in the 
mid-18th century  [17] . The original immigrants were attracted to 
NL because of the rich fish stocks, so they settled in small commu-
nities around the coastline, called outports. Many outports have 
remained isolated from each other to the present day. Founder ef-
fects have been described for several diseases in NL  [18, 19] . New-
foundland also has one of the highest incidences of type 1 diabetes 
worldwide  [20] .

  We identified 11 patients who had been diagnosed with non-
CAH primary AI at the Janeway Children’s Health and Rehabilita-
tion Centre from 1984–2008. Patients were included if (1) they had 
documented primary AI, and (2) diagnosis was at 18 years of age 
or younger. Patients with classic CAH (21-hydroxylase deficiency) 
were excluded from this series as the clinical presentation differs 
considerably from autoimmune AI. Patients with CAH present in 
the newborn period, and if not picked up by a newborn screening 
program, are commonly identified by failure to thrive and salt-
wasting in males and ambiguous genitalia in females.

  This study was approved by the institutional Human Investiga-
tions Committee. Written informed consent was obtained from 
subjects over 16 years old. For subjects under age 16, written in-
formed consent was obtained from the legal guardian of the sub-
ject, and the child provided assent. The work was conducted at 
Memorial University of Newfoundland (St. John’s, Nfld., Canada) 
and William Harvey Research Institute, Barts and The London 
School of Medicine and Dentistry, Queen Mary University of Lon-
don (London, UK). 

  A retrospective chart review was conducted for all patients. The 
following data were abstracted from the charts: clinical and bio-
chemical features at initial presentation and/or diagnosis, history 
of adrenal crisis (if present), information on growth and sexual 
development, additional clinical features (i.e. neurological abnor-
malities, other autoimmune diseases), adrenal imaging, anti-adre-
nal antibody status, treatment and response.

  Primary adrenal insufficiency was diagnosed based on short 
synacthen (Cortrosyn ® ) stimulation testing as per institution pro-
tocol if possible. Two patients did not have ACTH stimulation test-
ing; however, all of their additional biochemical investigations 
were consistent with primary autoimmune adrenal insufficiency 
( tables 1  and  2 ). All patients had high ACTH levels at diagnosis 
with abnormally low cortisol response to stimulation testing.
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  Based on clinical details of individual patients, candidate genes 
(including  MC2R, MRAP, NR0B1 ,  STAR ,  AIRE, NNT ,  CYP11A1 , 
 AAAS  and  ABCD1 ) were sequenced to identify mutations.  TXNRD2 
 and  MCM4  are very rare and each specific to one particular popula-
tion; therefore, they were not sequenced for our patients.

  Results 

 Summary of Findings 
 We reviewed the records of 11 children diagnosed with 

chronic adrenal insufficiency between 1984 and 2008 

who had been under the care of the endocrinology service 
at the Janeway Children’s Hospital and Rehabilitation 
Centre in St. John’s, Nfld., Canada. The average age at 
presentation was 10.3 years (range 3–17 years). Two of 
the patients (6 and 7) were brothers, but there were no 
known familial relationships among any of the other pa-
tients. The patients were Caucasian and of English or 
Irish ancestry. All patients had normal intellectual devel-
opment, and there was no history of neurological regres-
sion. There were no patients with ambiguous genitalia or 
intersex conditions. All male patients had normal very-
long-chain fatty acids. All patients had normal growth 

 Table 1.  Clinical features at diagnosis

Pa-
tient

Age, 
years

Sex Lethargy Hypo-
tension

Hyper-
pigmen-
tation

BMI
z score

Diagnosis (genetic change if applicable) Treatment 
required
GC/MC

1 4 F + – + –0.95 MC2R mutation g.30239G>T; p.Ser74Ile GC
2 12 F – + + –1.31 AIRE mutation (homozygous) p.R471C GC/MC
3 9 F – – + –0.25 AIRE mutation (homozygous) p.R471C GC/MC
4 14 M + + + –1.83 AIRE mutation (heterozygous) p.R356W (rs376901046) GC/MC
5 3 F – – + n.a. STAR mutation (homozygous) p.R188C GC
6 6 M + + + –1.15 STAR mutation (homozygous) p.R188C GC
7 9 M – – + n.a. STAR mutation (homozygous) p.R188C GC/MC
8 4 M + + + –1.64 STAR mutation (homozygous) p.R188C GC
9 17 F – – – –2 STAR mutation (homozygous) p.R188C GC

10 10 M – + + –1.35 unknown GC/MC
11 15 F + + + –0.9 unknown GC/MC

 n.a. = No result available; GC = glucocorticoid; MC = mineralocorticoid.

 Table 2. Biochemical features at presentation

Patient BG
(3.7 – 5.6 mmol/l)

Na
(135 – 145 mEq/l)

K
(3.5 – 5.0 mEq/l)

ACTH
(0 – 10 pmol/l)

Plasma renin
(3 – 28 ng/l)

Adrenal
antibodies

Stimulated cortisols
0 and 30 min, nmol/lb

1 1.9↓ N N 410 – negative <50, <50
2 4.0 117↓ 6.2↑ 425 – positive <11, <11
3 4.4 137 4.1 625 81.3 negative <50, <50
4 5.6 127↓ 4.4 377 – n.a. <50 (no stim. value)
5 2.0↓ 114↓ 5.1↑ 1,380 162 negative 346, 344
6 <2↓ 127 4.3 454 18.0a negative 120, 120
7 – – – 57 20.16a negative 340, 340
8 ‘low’ ‘high’ – >385 – negative <50, <50
9 – – – 253 – negative <11, 11.82

10 5.6 128↓ 6.1↑ 310 – positive 82, 79
11 2.8↓ 113 ↓ 5.9↑ >275 1,148 n.a. 60 (no stim. value)

BG = Blood glucose; n.a. = no result available; N = normal value. a Plasma renin activity, run at different laboratory, normal range 
0.5 – 2.8 ng/ml/h. b Cortisol peak with stimulation testing >500 nmol/l is normal. 
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and normal sexual development, unless otherwise noted. 
Adrenal imaging, if available, was unremarkable in all 
cases. Refer to  figure 1  and  tables 1  and  2  for a summary 
of clinical and biochemical features.

  Case Descriptions 
 Patient with ACTH Receptor Mutation 
 Patient 1 presented at age 4 with fever, vomiting, diar-

rhea, hypoglycemic seizure and typical features of AI in 
the context of viral upper respiratory tract infection. This 
patient, who is of Irish descent, has a homozygous mis-
sense mutation in the ACTH receptor gene ( MC2R , 
g.30239G>T; p.Ser74Ile), previously reported by Clark et 
al.  [21]  particularly in patients of Scottish/Irish ancestry. 
There is no known consanguinity between her parents.

  Patients with APS-1 
 Patient 2 presented at 12 years of age with a 2-week 

history of dizziness, abdominal pain, headaches, vomit-
ing and blurry vision. She had extreme salt craving, which 
was precipitated by the family adopting a salt free cooking 
regime. Patient 3 presented at age 9 with bronzed-looking 
skin and no other signs or symptoms of adrenal insuffi-
ciency. After being treated with hydrocortisone alone, she 
later developed mild hyponatremia (Na 130 mmol/l). Hy-

ponatremia resolved with fludrocortisone. Patients 2 and 
3 had a homozygous change p.R471C of the  AIRE  gene, 
which is known to cause adrenal insufficiency in humans 
 [22] .

  Patient 4 presented with lethargy, salt-craving, nausea, 
vomiting and postural hypotension at age 14. He was het-
erozygous for  AIRE  gene change at codon p.R356W 
(rs376901046; minor allele frequency in European Amer-
icans = 0.0354%, African-Americans = 0.0). This may 
represent a dominant negative mutation, similar to those 
previously described  [23, 24] . Also of note, patients 2–4 
have only manifested adrenal insufficiency and have no 
other autoimmune glandular disorders to date.

  Patients with Nonclassic LCAH 
 Patient 5 presented at 3 years of age with typical bio-

chemical features in the context of an upper respiratory 
tract infection, vomiting and diarrhea. Patient 6 present-
ed at age 6 with vomiting and diarrhea that led to coma. 
Patient 7 (who is patient 6’s older brother) was 9 years old 
at diagnosis. He was well and was investigated due to uni-
form tanning and family history. He had been ‘unrespon-
sive’ after a previous episode of ‘flu’ several years prior to 
diagnosis. These siblings and their mutation were previ-
ously described by Metherell et al.  [15] .

11 patients with AI 

Autoimmune, AIRE
mutation

n = 3

Homozygous
n = 2

Postive adrenal antibodies
n = 1

Negative adrenal antibodies
n = 1

Heterozygous
n = 1

(antibody status UNK)

ACTH receptor mutation
n = 1

Nonclassic lipoid
adrenal hyperplasia

n = 5

Diagnosis UNK
n = 2

No antibodies tested
(autoimmune or genetic NYD)

n = 1

Antibody negative
n = 1

  Fig. 1.  Patients by diagnosis. UNK = Unknown; NYD = not yet diagnosed. 
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  Patient 8 was diagnosed at age 4 following two hospital 
admissions for severe hyponatremic dehydration and hy-
potension precipitated by a viral illness. He had difficulty 
recovering from anesthesia for circumcision at age 3. Pa-
tient 9 was diagnosed at age 17 after having been followed 
for abnormal thyroid function tests for 3 years (low free 
T4/mildly increased TSH). Symptoms of fatigue did not 
improve with administration of  L -thyroxine. She had tak-
en a long time to rouse after orthopedic surgery prior to 
diagnosis.

  All 5 patients had negative anti-adrenal antibodies. Pa-
tients 5–9 were homozygous for the p.R188C mutation in 
the  STAR  gene, but did not manifest the full phenotype of 
LCAH (OMIM 201701). These findings are similar to 
previous descriptions of patients with the p.R188C muta-
tion  [15] .

  Patients with No Identifiable Etiology 
 Patient 10 was diagnosed at age 10 in the context of 

acute gastroenteritis accompanied by electrolyte distur-
bances and hypotension. Patient 11 presented at age 15 
and had hyponatremia and hypotension in the context of 
a 3–4 week history of weakness, anorexia, weight loss, 
vomiting and increased thirst. Patients 10 and 11 have 
had testing for mutations in all genes listed in the Meth-
ods section in addition to whole-exome sequencing. No 
clear etiology for their AI has been determined.

  Discussion 

 We present the first case series of primary AI for NL, 
an island province on the east coast of Canada. This is the 
first Canadian case series that has focused exclusively on 
primary AI and excluded CAH. The strengths of this 
study are that we were able to obtain genetic testing on all 
patients. The main weakness of this study is that the chart 
review was retrospective; therefore, some data are not 
available. Our findings are unique compared to other case 
series of AI because we have described the largest cohort 
to date of patients with nonclassic LCAH from a single 
geographic area.

  Upon review of our cases, it is noteworthy that a few 
patients had normal electrolytes at presentation. This 
suggests that serum electrolytes would not be an adequate 
clinical screen for such patients. Three patients who were 
non-salt-wasters had quite a lengthy prodrome prior to 
diagnosis and had no record of adrenal crisis; further-
more, 2 individuals in this series with nonclassic LCAH 
experienced difficulty recovering from anesthesia prior to 
diagnosis (patients 8 and 9). Of note, all but one of our 
patients with LCAH had been treated with glucocorticoid 
replacement alone. The patient who was prescribed 
fludrocortisone was treated for empiric reasons, had no 
biochemical evidence of salt wasting, and was treated 
with glucocorticoid alone for several years.

 Table 3. Summary of pediatric AI case series by identified etiology

Etiology This study Hsieh et al. [36] Perry et al. [37] Simm et al. [25]

Autoimmune AI 2 APS homozygotes 18 isolated AI 8 non-APS-1 5
1 APS heterozygote 4 APS 5 confirmed APS-1

1 confirmed APS-1
FGD 1 4 0 0
Nonclassic LCAH 5 0 0 0
ALD 0 3 4 5
IMAGe syndromea 0 1 0 1
Wolman syndrome 0 0 3 0
Zellweger syndrome 0 0 1 0
Triple Ab 0 0 1 0
AHC 0 2 1 5
Unknown 2 2 6 n.a.

Total number of patients
with non-CAH primary AI 11 35 29 16

ALD = Adrenoleukodystrophy; AHC = adrenal hypoplasia congenita; n.a. = no result available. a Intrauterine 
growth restriction, metaphyseal dysplasia, adrenal hypoplasia congenita, and genital anomalies. b Achalasia, 
adrenocortical insufficiency, and alacrima.
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  There was some variability in clinical presentation 
among our patients with AI. Documented hypotension 
was present in 6/11 (55%), and hyperpigmentation was 
present in 10/11 (90%); this is similar to 43 and 75%, re-
spectively, described in Simm et al.  [25] . Six of 11 (55%) 
patients required mineralocorticoid replacement; how-
ever, only 3 were specifically noted to have salt craving 
upon chart review. Two patients had loss of conscious-
ness likely associated with primary AI (15%; patients 6 
and 7) and 1 had a seizure (patient 1) associated with 
primary AI. There have been several case series looking 
at primary AI; see  table 3  for comparison of etiologies 
with this series.

  We describe 2 patients with homozygous mutations 
of the  AIRE  gene p.R471C. It is possible that they are 
distantly related given that the parents of both came 
from the same region of NL. Interestingly, the change 
is more common in Americans of European rather than 
African extraction (minor allele frequency 1.153 vs. 
0.248%).  AIRE  mutations associated with autoimmune 
AI have been described in both homozygous and het-
erozygous form  [1, 22, 26] . This particular change has 
previously been described in patients with primary au-
toimmune hypoparathyroidism; however, neither of 
these individuals has manifested that condition to date 
 [22] . Autoimmune thyroid disease is quite common in 
patients with APS-1 (68.4%) as is autoimmunity to-
wards pancreatic islet cells  [26] . It will be important to 
follow these individuals for signs and symptoms of oth-
er autoimmune conditions. Patient 4 had a change in 
 AIRE  as well, which is of unknown clinical significance. 
It is possible that this could represent a dominant nega-
tive mutation, similar to what has been described by 
Oftedal et al.  [24]  and Ilmarinen et al.  [23] . Interest-
ingly, the dominant negative  AIRE  mutations have been 
noted to cause more variability in clinical presentation 
 [24] .

  The high number of patients in our series with non-
classic LCAH is unique compared to other case series. 
Several mutations in  STAR  have been shown to result in 
this phenotypic syndrome  [15] . All of the patients in our 
series had homozygous mutations causing p.R188C, a 
protein change which was originally described in 2006 
 [14] . More than 40 different mutations in  STAR  protein 
have been described  [27–31] , many causing classic 
LCAH. The features of nonclassic LCAH differ consid-
erably from the classic form, in which patients present 
within the first few months of life with hyperpigmenta-
tion, both glucocorticoid and mineralocorticoid defi-
ciency, and ambiguous genitalia in males due to the ab-

sence of fetal testosterone/dihydrotestosterone which 
results in a failure of virilization  [32] . In contrast, most 
patients with nonclassic LCAH do not have evidence of 
mineralocorticoid deficiency, and males have normal 
genitalia at birth. Patients also typically present at an 
older age, likely due to partial functionality of the pro-
tein. Functional analysis of the p.R188C mutants has re-
vealed that >20% of normal cholesterol binding activity 
is retained  [14, 33–34] .

  Based on the findings of this case series, it is our opin-
ion that the unexpectedly high number of patients with 
nonclassic LCAH with a specific genotype is a reflection 
of the genetic structure of the population of NL rather 
than an under-recognized cause of primary AI in pedi-
atric patients. Upon review of our patients with LCAH, 
there is good evidence of a founder effect. Five members 
of 4 families in this study were identified to have the 
same homozygous mutation in the  STAR  gene. Two 
brothers in 1 of these families, as well as 3 members of 
another family were previously reported by Metherell et 
al.  [15]  in 2009. It is likely that this represents a founder 
effect in a geographic isolate with all affected individuals 
descending from a common ancestor. Because of the 
large family size in previous generations, there are like-
ly to be many carriers of this mutation in this region 
with the potential for other affected individuals in the 
future. Genetic testing is recommended for relatives of 
those known to be affected in order to identify carrier 
couples who would then have the option of genetic test-
ing for their children at birth to identify and provide 
early diagnosis and treatment for other homozygous in-
dividuals.

  A significant number of antibody-negative presumed 
primary AI patients may in fact have single-gene muta-
tions for a condition that was previously thought to be 
extremely rare. Further research directions could in-
clude performing genetic testing, such as whole-exome 
sequencing, for patients with suggestive family histories 
and/or negative anti-adrenal antibodies to identify mu-
tations in other genes.

  Conclusions 

 Primary AI is an important condition to identify due 
to the risk of acute adrenal crisis. The presenting fea-
tures of AI are often nonspecific, i.e. lethargy, weight 
loss, nausea and vomiting, and this may result in delayed 
diagnosis. ‘Classic’ features including hyperpigmenta-
tion and electrolyte abnormalities were identified in 
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many of our patients; however, the hyperpigmentation 
was occasionally very subtle and electrolyte abnormali-
ties were mild or not present in some cases. Salt wasting 
was not biochemically evident in the patients with 
LCAH, and only 1 required mineralocorticoid replace-
ment. Furthermore, hyperpigmentation, which is often 
considered a clinical hallmark of AI, may not always be 
present  [35] . We recommend genetic testing for single-
gene mutation etiologies in particular for patients who 
have negative anti-adrenal antibodies, suggestive family 
histories, and/or do not have strong evidence of miner-
alocorticoid deficiency.
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