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Case

A 21-day-old male baby who presented with poor weight gain 
and hyperpigmentation of the skin was admitted to the neona-
tal intensive care unit. He was born at 40 weeks and 5 days ges-
tation via caesarian section due to cephalopelvic disproportion. 
His birth weight was 3,520 g. Parents had no consanguinity and 
there was no family history of endocrine disease. On the day of 
admission, his weight was 3,570 g. His heart rate was 164 beats/
minute, respiratory rate 56 breaths/minute and blood pressure 
71/32 mmHg. On physical examination, he was dehydrated with 
increased skin pigmentation, which was diffused in nature (Fig. 
1). His body temperature was normal. On auscultation, the chest 
was clear with no adventitious sounds. The liver size was within 
normal limits and the spleen was not palpable. Abdominal, car-
diovascular, and neurological examinations yielded unremark-
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Introduction

Adrenal hypoplasia congenita (AHC) is a rare lethal disorder of 
adrenal gland development, resulting from deletion or mutation 
of the DAX1 (dosage-sensitive sex reversal-AHC critical region 
on the X chromosome gene-1) gene [1]. During the neonatal 
period, male patients generally show signs and symptoms indis-
tinguishable from those seen in the salt-losing form of 21-hy-
droxylase deficiency (21-OHD) [2] and are frequently misdiag-
nosed with congenital adrenal hyperplasia (CAH). Distinguishing 
between these two disorders is important because they differ in  
clinical course and prognosis. Steroid management and genetic 
counseling are also different between them [3]. Recently, the 
DAX1 gene was identified as a gene responsible for X-linked AHC 
[4]. Herein, we report on the genetic analysis of the DAX1 gene 
in a male full-term infant with primary adrenal insufficiency.
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Adrenal hypoplasia congenita (AHC) is a rare cause of adrenal insufficiency during neonatal period. Mutations in the gene 
coding for DAX1 cause X-linked adrenal hypoplasia. Most affected patients are shown to have salt wasting and hyperpig-
mentation on the skin during the neonatal period and require intensive medical care. In addition, it is usually associated with 
hypogonadotropic hypogonadism in adolescence. The DAX1 gene is expressed in the adrenal cortex, pituitary gland, hypo-
thalamus, testis, and ovary. We report on a patient with genetically confirmed AHC whose initial clinical presentations were 
consistent with congenital adrenal hyperplasia. A point mutation in the DAX1 gene identified in this report resulted in a trun-
cated DAX1 protein. Our patient was diagnosed with AHC.
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able findings. His head circumference was at the 50th percentile, 
weight at the 3rd percentile, and height at the 70th percentile.

Initial laboratory tests showed severe hyponatremia (sodium 
120 mmol/L; reference 135-153 mmol/L), hyperkalemia (potas-
sium 8.7 mmol/L; reference 3.5-5.3 mmol/L), elevated blood 
urea nitrogen level (46.9 mg/dL; reference 3-12 mg/dL) with low 
serum osmolarity (264 mOsm/kg; reference 270-310 mOsm/kg), 
indicating hypo-osmotic dehydration caused by salt wasting.

Further endocrine investigations were as follows: basal corti-
sol level, 164 nmol/L (reference 185-624 nmol/L); adrenocorti-
cotropic hormone (ACTH) level, 2,000 pmol/L (reference 7.2-63.3 
pmol/L); testosterone level, 1.03 mmol/L (reference 2.67-10.12 
mmol/L); dehydroepiandrosterone sulfate level, 3.3 mmol/L (ref-
erence 0.96-7.8 mmol/L); aldosterone level 2.6 nmol/L (reference 
5-90 nmol/L) and plasma rennin activity, 56.41 ng/mL/hr (refer-
ence 0.95-3.95 ng/mL/hr).

We carried out an ACTH stimulation test to confirm adrenal 
insufficiency. We measured serum cortisol levels before and 
after intravenous administration of synthetic ACTH (tetracosac-
tide). A baseline or stimulated levels of cortisol higher than 600 
nmol/L indicates a physiological response by the adrenal cortex 
[5]. After ACTH stimulation, the maximum serum cortisol level 
was 117 nmol/L indicating that he had primary adrenal insuf-
ficiency.

Serum concentration of 17-alphahydroxyprogesterone (17-
OHP) was 4.47 mmol/L (reference 1.88-9.5 mmol/L). Serum 
concentration of 17-OHP is elevated in 21-OHD, but normal or 
low in AHC. Thus, the normal basal 17-OHP level in this infant 
supported the diagnosis of AHC.

Adrenal sonography showed normal findings with no hemor-
rhage, calcification, or other focal lesions. However, the charac-
teristic features of congenital adrenal hypoplasia, were not ob-

served. There was no abnormality in tandem mass spectrometry. 
A blood sample of the patient was sent to Samsung Medical 

Center Laboratory. Fluorescent in situ hybridization (FISH) analy-
sis was performed. A molecular genetic study found a hemi-
zygous nonsense mutation (c.273C>A(p.Tyr91*)) in the DAX1 
gene; therefore we diagnosed the patient with AHC (Fig. 2). The 
nonsense mutation (A for C at nucleotide 273) resulted in a stop 
codon at position 91. However, FISH analysis was not performed 
for his mother considering she could be a carrier.

The diagnosis was confirmed as AHC. Hydrocortisone, fludro-
cortisone, and sodium chloride supplementation were started 
to treat him. The patient was treated with hydrocortisone at a 
dose of 30 mg/m2/day and fludrocortisone at 0.2 mg/day. His 
potassium level was decreased to 5.9 mmol/L and sodium was 
elevated to 134 mmol/L after 4 days of treatment. After 3 weeks 
of treatment, no vomiting was reported, and the newborn toler-
ated feeding and demonstrated appropriate weight gain. The 
hyperpigmentation gradually disappeared. Since then, his serum 
electrolyte and hormone levels have been monitored regularly. 
He was discharged from the hospital when he was 45-day-old 
and has had regular follow-up visits through outpatient clinic 
since then. The patient took 3 types of medicine for AHC daily: 
sodium chloride (1 g/day), hydrocortisone (15 mg/m2/day) and 
fludrocortisone (0.1 mg/day). His laboratory results including so-
dium and potassium level were stable. When he was 20-month-
old, he visited the emergency room (ER) at Daegu Fatima Hospi-
tal with a seizure. It was his first seizure and he was afebrile. His 
seizure type was generalized tonic-clonic (G-T-C) and its dura-
tion was within 3 minutes. He had nausea and vomiting for 1 
day before his visit to the ER. After admission, he had 3 more G-

Figure 1. Gross physical appearance.  
(A) He had generalized hyperpigmented skin.  

(B) He showed hyperpigmentation of his scrotum. 
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Fig. 1. Gross physical appearance. (A) Generalized hyperpigmentation 
of the skin. (B) Hyperpigmentation of the scrotum.

Figure 2. Identification of a hemizygous nonsense mutation in the 
DAX1 gene. A point mutation of c.273C>A leads to early termination at 
position 91. Abbreviation: DAX1, dosage-sensitive sex reversal adrenal 

hypoplasia critical region on chromosome X, gene 1. 
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Fig. 2. Identification of a hemizygous nonsense mutation in the DAX1 
gene. A point mutation of c.273C>A leads to early termination at posi-
tion 91 in the dosage-sensitive sex reversal adrenal hypoplasia critical 
region on chromosome X, gene 1 (DAX1).
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T-C type seizures and after injection of intravenous lorazepam 
(0.1 mg/kg), the seizures stopped. He was drowsy after the sei-
zures. The laboratory tests showed hyponatremia (sodium 120 
mmol/L; reference 135-153 mmol/L), hyperkalemia (potassium 
5.5 mmol/L; reference 3.5-5.3 mmol/L). He was treated with 3% 
sodium chloride infusion and his sodium chloride level became 
within normal range after 24 hours. He was also treated with an 
increased dose of hydrocortisone (45 mg/m2/day) for the adre-
nal crisis. We did not conduct electroencephalography or brain 
magnetic resonance imaging because we thought his seizures 
were due to severe hyponatremia, and correction of hyponatre-
mia stopped the seizures. Two weeks after the first adrenal crisis, 
he became lethargic again due to vomiting and poor oral intake. 
He was re-admitted. The laboratory tests showed severe hypo-
natremia (sodium 116 mmol/L; reference 135-153 mmol/L) and 
hyperkalemia (potassium 5.5 mmol/L; reference 3.5-5.3mmol/
L). This was his second adrenal crisis and after the treatment, he 
responded well with mentality alert and improved general con-
dition. He is now 28 months old and growing up well showing 
no symptoms of nausea, vomiting, seizures, or developmental 
delay. His regular followed-up has continued. Furthermore, until 
puberty, we have to continue checking him for hypogonado-
tropic hypogonadism (HH).

Discussion

Primary adrenal failure is a lethal condition that can result 
from various etiologies. The cause of primary adrenal insuffi-
ciency in infants can be separated into congenital and acquired 
[6]. 

AHC is an adrenal developmental disorder. Congenital adre-
nal hyperplasia (CAH), caused by 21-OHD should be taken into 
account in the differential diagnosis of AHC. In the neonatal 
period, boys generally present signs and symptoms that are 
indistinguishable from those shown in the salt-losing form of 
21-OHD. The serum concentration of 17-OHP is elevated in 21-
OHD, but normal or low in AHC. X-linked AHC is a rare disease 
with an incidence of 1:12,500 in the USA [7]. Diagnosing AHC is 
not always easy and can be overlooked if it is not considered in 
the differential diagnosis, in the context of adrenal crisis. Most 
patients present with failure to thrive, salt-wasting dehydration, 
hypoglycemia, and skin hyperpigmentation in the first month 
after birth. Glucocorticoid and mineralocorticoid replacement 
should be initiated. The DAX1 gene has significance in adrenal 
development and function. Mutations in this gene may cause 
AHC, a rare cause of primary adrenal insufficiency in childhood 

[8]. AHC is caused by mutations in DAX1 gene on the X chromo-
some (Xp21). The DAX1 gene is expressed in various kinds of 
endocrine organs, and plays an important role in the maturation 
of the hypothalamic-pituitary-gonadal axis and the growth 
and development of the adrenal gland [2]. Genetic analysis of 
DAX1 is significant male infants presenting with the salt-losing 
form of adrenal failure, when steroidogenic disorders, meta-
bolic conditions, syndromes, autoimmune disease, infections 
and adrenal hemorrhage have been excluded. Because adrenal 
crisis is regarded as an endocrine emergency, early diagnosis 
induces an early treatment of hormonal replacement, reducing 
morbidity and preventing sudden death. In addition, a correct 
diagnosis is important for long-term treatment. The genetic 
locus for AHC mapped to Xp21.3 is the dosage sensitive sex  re-
versal locus. Most missense mutations of the DAX1 gene are on 
the C-terminal ligand-binding domain [9]. It has been reported 
that DAX1 gene mutations are responsible for AHC in several 
papers. Most of the studied point mutations are stop or frame-
shift mutations producing a truncated nonfunctioning protein 
[10]. Some missense and deletion mutations in the DAX1 protein 
were identified [4]. There has been another report of 18 AHC pa-
tients from 16 families whererin 6 patients were found to have 
gene deletions and 7 had point mutations in the DAX1 gene 
[10]. Furthermore, AHC could be a part of a contiguous gene 
deletion syndrome which includes glycerol kinase deficiency 
(GKD) and Duchenne muscular dystrophy (DMD). Peter et al. [10] 
reported that those patients with a contiguous gene syndrome 
have deletions in the AHC-GKD-DMD gene locus, whereas most 
of the patients with isolated AHC (with HH) had point muta-
tions in the DAX1 gene. It has been established that DAX1 gene 
mutations play an important role in the frequent occurrence of 
HH in AHC patients. The most common pubertal disorder due to 
AHC, regarding DAX1 gene mutation is the absence of or delay 
in puberty caused by disorders of the secretion of gonadotropin 
[11]. HH usually becomes apparent during adolescence even if 
the hypothalamic-pituitary-gonadal axis is usually intact in in-
fancy. Other patients diagnosed with AHC in childhood, but not 
in the neonatal period, have been reported worldwide. In 2016, 
Davoodnejad et al. [12] reported 4 patients with AHC who were 
diagnosed in childhood. The most frequent initial symptoms of 
AHC patients were vomiting and poor feeding. In those patients, 
2 missense mutations and 2 novel deletion mutations were 
found.

In our report, no previous family history of adrenal disorders 
or unexpected death in males were found. In such families, 
genetic study and counseling should be proposed for earlier 
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treatment of their affected offspring. Our patient was found to 
have  a nonsense mutation (A for C at nucleotide 273) that re-
sulted in a stop codon at position 91. In addition, during follow-
up period, the patient had seizures due to hyponatremia caused 
by adrenal crisis. There were several case reports including long-
term follow-up from initial diagnosis of AHC. One patient was a 
5-year-old boy who was diagnosed as AHC for the first time. His 
genomic DNA sequencing showed a hemizygous novel muta-
tion - p.Gln282, c.844C>T in exon 1 of the NR0B1 gene, which 
creates a premature stop codon [13]. He, too, was treated with 
hydrocortisone and fludrocortisone. In this report, by the time 
he became 7 years old, he remained stable on follow-up and had 
no adrenal crisis at all. Another patient who was diagnosed as 
AHC in the neonatal period, presented with an episode of adre-
nal insufficiency at 7 months [8]. However, no other unexpected 
events had happened by the time he was 4-years-old. His DAX1 
gene showed a frameshift mutation at codon 461 (pMet461Asp). 
Correlation between the various types of mutations of AHC and 
the severity of clinical symptoms of adrenal insufficiency caused 
by genetic factors, environmental and personal factors should 
be further studied.

In conclusion, we identified a novel nonsense mutation on 
the DAX1 gene in a term Korean infant with congenital adrenal 
hypoplasia. This case highlights the significance of confirmatory 
genetic study of DAX1 gene in adrenal insufficiency during the 
neonatal period.
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