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Abstract
Background: X-linked congenital adrenocortical hypoplasia (XL-AHC) is a rare disorder, which is
characterized by primary adrenal insufficiency and hypogonadotropic hypogonadism. However, the
skeletal complications caused by the disease were rarely reported, not to mention the treatment.

Case presentation: The patient from a big family with XL-AHC was identified carrying a homozygous
insertion mutation（p.Thr193GlyfsX13）in DAX-1 gene. The diagnosis of secondary osteoporosis was
made after imaging, laboratory and bone mass density examinations. However, he showed a suboptimal
response to bisphosphonates during 2 years of follow-up, even suffered from atypical femoral fracture
(AFF). Now it had been replaced by menatetrenone, bone healing was satisfactory.

Conclusions: We harbored the idea that clinicians should not only focus on typical clinical manifestations
of XL-AHC, but also pay attention to the skeletal complications in clinical practice. Conventional anti-
osteoporosis drugs may cause side effects such as AFF and osteonecrosis of the jaw (ONJ), which was
rare in general osteoporosis patients. In other words, anabolic agent may be a better choice.

Background
Adrenal hypoplasia congenita (AHC, OMIM300200) is a rare disorder, which has an approximately
incidence of 1:12,500 live births in Australia[1]. Whereas the study from UK demonstrates the incidence
rate of children is 1:140,000 ~ 1:1,200,000, among which male morbidity is 1:70,000 ~ 1:600,000[2]. AHC
presents in two forms of histology, the miniature adult and the cytomegalic forms. The latter is inherited
in an X-linked manner (XL-AHC), primarily affects males.

The onset age of AHC displays a "two-peak” profile[3], the majority are "early onset type", usually within 2
months of life, accompanied by severe salt-wasting and highly mortality[4]; onset at 2–9 years old are
"late onset type", for which clinical symptoms are more atypical and insidious[3,5]. Affected subjects
usually present with primary adrenal insufficiency (PAI) at an early age, accompanied with or without
hypogonadotropic hypogonadism (HHG). AHC can also occur as portion of the Xp21 deletion syndrome,
including the phenotypes of Glycerol kinase deficiency (GKD), Duchenne muscular dystrophy (DMD), and
mental retardation[6,7]. Increased levels of plasma adrenocorticotropic hormone (ACTH), reduction of
cortisol and aldosterone, hyponatremia and hyperkalemia are the most common laboratory
abnormalities[1,3].

Mutations in NR0B1 gene mapped on chromosome Xp21 are responsible for the XL-AHC[3]. NR0B1
encodes DAX-1 protein, which is mainly expressed in the steroidogenic tissue (gonads and adrenal
cortex), as well as hypothalamus and pituitary[8]. It plays an essential role for the development and
regulation of functioning adrenal gland and reproductive axis.

Most previous studies concerned about the typical clinical symptoms, such as PAI and HHG in patients
with AHC, yet the skeletal complications caused by the disease were overlooked. In the present study, the
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AHC patient with severe osteoporosis was followed up for two years, to our astonishment was that he
showed a suboptimal response to bisphosphonates, even suffered from atypical femoral fracture (AFF)
during the treatment. Based on the above data, we summarized and discussed the clinical features, bone
complications and drug treatment of the patient with AHC, in order to yield deeper understanding of the
disease, further explore the individualized treatment of such patients with secondary osteoporosis.

Case Presentation
Here we investigated one patient from a Chinese family suffered from AHC (Fig. 1) who came to our
department.

The index individual III8 (Fig. 1), a 49-yr-old male of non-consanguineous Chinese parents, was born at
full term with a birth weight of 3600g and milestones were normal. By age 8, he developed recurrent
episodes of fever, chills and fatigue for unknown causes. Skin hyperpigmentation was noticed at the
same time and progressed over the years, especially in lip, ear and finger joints. Besides, he presented
delayed growth and no change of voice in comparison with age-matched reference range group at
puberty. He was diagnosed as "primary adrenal insufficiency" (specific data was not available) at the
local hospital, and treated with prednisone for nearly 30 years, the maximum dose up to 30mg / day.
Since then, he experienced two acute adrenal crisis owing to drug withdrawal. At the age of 42 he
developed backache, fatigue and muscle twitch, a diagnosis of HHG and osteoporosis were made based
on decreased sexual hormone level and low bone mass density (BMD), respectively. He also complained
of hyposexuality and erectile dysfunction. After receiving oral testosterone undecanoate 6 years and
alendronate for 3 years, yet intermittently, his sexual function recovered slightly. However, there was no
sign of improvement on back pain, hence he was admitted to our hospital.

Although detailed data was not available, it is known that III14,15,18,19,20 from the family all manifested
the same phenotypes as the patient, such as pigmentation, salt-wasting or infertility, and died between
the ages of 7 and 11. The other individual (V1) who survived with clinical manifestations showed weight
loss and progressive skin pigmentation.

His height is 158cm and weight is 50 kg, fingertip distance is 168cm. Physical examination revealed
moderate hyperpigmentation in buccal mucosa, lips and gum. Sparse secondary sexual hair and small
penis were presented (Tanner stage II), along with low testicular volume of 4ml, 5ml on left and right,
respectively. Cerebral MRI was normal. X-ray reveals multiple compression fractures of thoracolumbar
spine, and the abdominal CT scan revealed small non-calcified adrenal glands (Fig. 3). ECT showed
multiple radioactive concentration. DXA revealed a low BMD (L1-L4: Z-score − 2.3SD, Femoral neck: Z-
score − 2.2SD, Total hip: Z-score − 2.6SD). Results of lab tests were summarized in Table 1.
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Table 1
Basic laboratory findings in patient with AHC

Indicator Patient Normal adult values

Na+ (mmol/l) 139 135 ~ 145

K+ (mmol/l) 3.9 3.5 ~ 5.5

Ca2+ (mmol/L) 2.35 2.08 ~ 2.60

P- (mmol/L) 1.31 0.80 ~ 1.60

Cortisol at 08:00 h (µg/dL) 1.19 6.20 ~ 19.4

ACTH (ng/L) 117.20 7.2 ~ 63.3

PRC supine at 08:00 (µIU/mL) > 500.0 2.8 ~ 39.9

AngII (pg/mL) 189 25–60

ALD supine at 08:00 (ng/dL) 2.29 1.17 ~ 23.6

T (nmol/L) 3.82 8.40 ~ 28.70

LH (IU/L) 0.26 1.4 ~ 18.1 (male 13–70 y)

FSH (IU/L) 5.79 1.5 ~ 9.3 (male 20–70 y)

OGTT 2h (nmol/L) 3.66 3.90–7.80

β-CTX (ng/l) 450.5 < 584 (male 30–50 y)

OC (ng/ml) 15.5 14 ~ 42 (male 30–50 y)

25OHD (ng/mL) 29.91 > 20

ALP (U/L) 114 15–112

PTH (pg/ml) 6.39 15.00 ~ 65.00

ABBERVATIONS: ACTH: adrenocorticotropic hormone; PRC: plasma renin concentration; AngII:
angiotensin II; ALD: aldosterone; T: testosterone; LH: luteinizing hormone; FSH: follicle-stimulating
hormone; OGTT 2h: 2 hours after a 75-g oral glucose tolerance test; β-CTX: β-isomerized C-terminal
telopeptide of type I collagen; OC: osteocalcin; ALP: alkaline phosphatase; PTH: parathyroid hormone

 

Sanger sequencing of NR0B1 revealed an inserted mutation (c.572_575dup) in exon 1, resulting in a
frameshift with premature termination (p.Thr193GlyfsX13). Unfortunately, other individuals with AHC
clinical symptoms from the family were not confirmed by gene detection.

The diagnosis of osteoporosis was made after a series of tests, accompanied with high bone turnover
activity. Given the intermittent use of bisphosphonates may bring about poor efficacy, a regular oral
alendronate treatment (70 mg, Alendronate Sodium and Vitamin D3 Tablets, Merck Sharp & Dohme Ltd,
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USA) was advised. However, re-laboratory data revealed the high level of bone turnover one year later.
Therefore, we recommended the patient received intravenous zoledronate (5 mg, Aclasta, Novartis
Pharma Stein AG, Switzerland) yearly. Disappointedly, he was followed up in outpatient clinic regularly
and showed poor response to both two drugs according to the continuous high bone metabolism index.
Significantly, he suffered two fractures during treatment (Fig. 4). Now it had been replaced by
menatetrenone, bone healing was satisfactory. Laboratory studies during follow-up were showed in
Table 2.

Table 2
Markers of bone metabolism during the treatment with anti-osteoporosis drug
Follow up β-CTX(ng/l) OC(ng/ml)

First visit a 411.10 21.06

4 months later 475.80 18.01

8 months later 572.50 19.87

12 months later b 516.00 17.36

14 months later c -- --

20 months later d -- --

21 months later e 501.00 12.26

24 months later 527.5 33.55

β-CTX: β-isomerized C-terminal telopeptide of type I collagen; OC: osteocalcin

a He was treated with alendronate orally.

b He was treated with a single infusion of intravenous zoledronic acid.

c Right femur fracture occurred from walking by a fall.

d Atypical fracture of left femur occurred of unknown causes.

e He was treated with menatetrenone orally.

Discussion And Conclusions
AHC is a special type of primary adrenal insufficiency (PAI), which was first documented by the
pathologist Sikl in 1948[4]. In 1994, Muscatelli et al. found the candidate gene was localized at the
Xp21.3 region, whose mutation or deletion results in AHC[6]. The NR0B1 gene consists of 2 exons
separated by a 3385bp intron and encodes a 470 amino acid DAX-1 protein, an unusual member of the
nuclear hormone-receptor superfamily[9]. The N-terminal of DAX-1 is absence of highly conserved zinc
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finger DNA binding domain (DBD) of the classical nuclear receptor, replaced by a 65–70 amino acid motif
consisting of 3.5 alanine/glycine-rich repeats[10], which plays a vital role in the transcription regulation of
NR0B1 [11,12]. The C-terminal domain of DAX-1 protein is similar to the Ligand-binding Domain (LBD) of
the nuclear receptor superfamily[10], which successfully applies to selectivity and specificity ability of
physiological activities[13].

Over 300 individuals and families with XL-AHC had been reported previously, most of which were
frameshift or nonsense mutations[14–18]. It is speculated that the hot spot mutation of NR0B1 located in
the putative LBD[2,18], causing premature truncation of the DAX1 protein.

It has been described that the age of onset and clinical features caused by the same NR0B1 mutation are
different [19], and the phenotype of patients with AHC was variable. In the present pedigree, affected
individuals manifested various clinical phenotypes from the detailed history, which is concordant with
previous studies[19,20]. This phenomenon suggested genetic heterogeneity and epigenetic factors were
paramount in prognosis of AHC. However, it's a pity we were unable to obtain detailed data of the other
patients from the extended family. In the near future, studies were required to reveal the complex
genotype-phenotype correlation.

The patient reported here presented with the classical, late-onset clinical and endocrine characteristics,
subsequent direct DNA sequencing supported the diagnosis with XL-AHC. In addition, the constructed
family tree was consistent with X-linked recessive inheritance, accordingly we speculated that female was
the heterozygous carrier of this mutation and male was the patient with XL-AHC. We hypothesized that
undiagnosed adrenal crisis was the cause of early death in these male patients. Furthermore, severe
osteoporosis was induced by the lack of multitude of hormones, especially androgen. Long term
corticosteroid replacement therapy may also have an adverse impact on BMD. Previous studies had
described HH patients accompanied with osteoporosis or osteopenia[21,7], yet even sufficient androgen
substitution didn’t reverse bone loss[22]. However, there is a shortage of follow-up data of osteoporosis
treatment. Our study was the first follow-up study of osteoporosis in AHC patients.

Interestingly, Most of osteoporosis patients responded well to alendronate or zoledronate[23]. In contract,
long-term high bone turnover marker concentrations (OC and β-CTX) in the subject with AHC indicating
that bisphosphonates treatment either in oral or intravenous routes failed to suppress bone resorption.
More seriously, AFF occurred during the treatment, which was is extremely rare in Asian patients with
osteoporosis[24,25]. There were several speculations behind the above-mentioned phenomenon. In the
first place, the patient himself was resistance to bisphosphonates. Secondly, the mutation site
c.572_575dup in NR0B1 gene had a certain effect on bone metabolism, which may promote osteoclast
activity and enhance bone resorption through unknown mechanism. Thirdly, bone metabolic markers can
not evaluate the effectiveness of bisphosphonates properly. With regard to the above assumptions, we
need to perform pharmacogenomics analysis and functional research both in vitro and in vivo in the near
future.
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The therapies for AHC were mainly maintenance of hormone replacement and symptomatic treatment,
affected boys with HHG required androgen replacement therapy before pubertal to develop secondary
sexual characteristics and improve the quality of life. Since previous studies demonstrated that sufficient
testosterone replacement did not reverse the decreased bone mass associated with hypogonadism after
adolescence [22,26], we harbored the idea that bone health of AHC patients should be paid attention to
before skeletal maturation. Owing to the long-term low bone mass, it is necessary to monitor the course
of treatment, dosage and drug type when using anti-osteoporotic drugs (especially bisphosphonates) to
avoid side effects such as AFF and osteonecrosis of the jaw (ONJ).

In conclusion, the present study summarized clinical features of the patient suffered AHC and bone
complications, followed him up for two years by regular visits. From our part, clinicians should not only
focus on the treatment of typical clinical manifestations, but also pay attention to the skeletal
complications in clinical practice. Besides, we emphasized the importance of an assessment of bone
mass, treatment with replacement therapy or a specific treatment for osteoporosis at an earlier age
should be considered, also, dosage and course of treatment should be monitored in time. In other words,
anabolic agent may be a better choice.
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Figures

Figure 1

Pedigree of the family in the present study. Patients with typical clinical symptoms of AHC were shown
by darkened symbols. The black arrow indicated the proband.
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Figure 2

Abdominal CT scan of the patient with AHC. The white arrow showed the adrenal glands on both sides
were small and structure was unclear.

Figure 3

Sequencing traces of the mutation in NR0B1 gene. A homozygous c.572_575dup insertion in exon1 of
NR0B1, resulting in a frameshift p.Thr193GlyfsX13.

Figure 4

Radiographs of bilateral femurs. 4A White arrow showed internal fixation of right femoral shaft fracture.
4B White arrow showed atypical fracture in the right femur.


