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Late diagnosis of DiGeorge syndrome in a 13-year-old male with subclinical

course of the disease — case report and literature review
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choroby — opis przypadku z przegladem literatury
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Abstract

DiGeorge syndrome is associated with microdeletion of chromosome 22q11. Hypoplasia of the thymus, hypoparathyroidism, facial
malformations and cardiac defects as well as learning difficulties are typical features of the disease. On the other hand hypocalce-
mia related to hypoparathyroidism is not present in every patient and can develop later and be persistent or transient and is often
masked by the other signs or symptoms. We described a 13-year-old boy diagnosed with DiGeorge syndrome, after a few years
of nonspecific signs and symptoms, and a microarray examination performed because myopathy was suspected on the basis of
elevated creatine kinase activity. Only after molecular confirmation of DiGeorge syndrome the patient was referred to a pediatric
endocrinologist and proper therapy started. Looking back to his medical history, low calcium levels were at least 2 times reported
in the medical records, the child had learning difficulties, speech disturbances, and submucosal cleft palate suspicion. In conclusion
it is important to educate general practitioners and pediatricians to check the serum calcium levels in patients presenting with non-
specific, muscular signs and symptoms

Key words: myopathy, hypocalcemia, DiGeorge syndrome, hypoparathyroidism, Fahr's syndrome.

Streszczenie

Zespot DiGeorge’a jest zwiazany z mikrodelecja w chromosomie 22q11. Typowymi cechami tej choroby sa hipoplazja grasicy,
niedoczynno$¢ przytarczyc, dysmorfia twarzy, wystepowanie wad serca oraz trudnosci w nauce. Hipokalcemia zwigzana z niedo-
czynnoscia przytarczyc wystepuje tylko u czesci pacjentéw. Moze rozwijac sie p6zniej niz inne objawy, by¢ trwata lub przemijajaca,
a czesto zdarza sie, ze jest maskowana przez inne dolegliwosci. W pracy prezentujemy przypadek 13-letniego chtopca, u ktérego
rozpoznanie zespotu DiGeorge’a ustalono dopiero po kilku latach wystepowania niespecyficznych objawéw. Badanie mikromacie-
rzy zostato wykonane z powodu podejrzenia miopatii, wysunietego na podstawie podwyzszonej aktywnosci kinazy kreatynowe;j
w badaniach laboratoryjnych. Dopiero po potwierdzeniu zespotu DiGeorge’a chtopiec zostat skierowany do endokrynologa dzie-
ciecego i rozpoczat wlasciwe leczenie. Analiza historii medycznej pacjenta wskazuje, ze w badaniach laboratoryjnych mate stezenia
wapnia pojawialy sie dwukrotnie, chtopiec miat trudnosci w nauce, op6zniony rozwéj mowy, a takze byt podejrzewany o podslu-
zéwkowy rozszczep podniebienia. Podsumowujac — istotne jest, zeby uczula¢ lekarzy ogélnych oraz lekarzy pediatréw, aby zlecali
badanie stezenia wapnia w surowicy u pacjentéw z niespecyficznymi objawami ze strony ukfadu miesniowego.

Stowa kluczowe: niedoczynnos¢ przytarczyc, hipokalcemia, zesp6t Fahra, zespoét DiGeorge’a, miopatia.
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Introduction

The 22g11.2 deletion syndrome, known as DiGeorge syn-
drome, is caused by a microdeletion of chromosome 22, has
an approximate occurrence of 1 in 4500 live births and it is the
commonest interstitial deletion [1]. The phenotypic features of
DiGeorge syndrome demonstrate wide variability and can pres-
ent at any age. Most patients develop congenital cardiovascu-
lar anomalies (74% of patients), craniofacial anomalies (most
patients), palatal anomalies (69%), immunodeficiency due to
hypoplasia/aplasia of the thymus (77%), developmental delay
or learning disabilities (70%-90%) and hypocalcemia associ-
ated with hypoparathyroidism (50%) [1]. Typically, the disease is
diagnosed in early childhood, but with such a broad variation of
signs and symptoms, DiGeorge syndrome is still often underdi-
agnosed. Sometimes the lack of characteristic symptoms, such
as diagnosed hypocalcemic tetany, hemodynamically signifi-
cant heart defect or obvious cleft palate, may lead to its diagno-
sis in the teenage years or even in adulthood, as in the case of
our patient. In the current paper we present a case of a 13-year-
old male child who presented with high creatine kinase level,
which was found accidentally during his stay at the emergency
department due to symptoms of gastroenteritis. This result led
him, through neurologist and geneticist, to have an array-based
comparative genomic hybridization examination. The test was
made because of muscular dystrophy suspicion. The outcome
was unexpected as tests for myodystrophy turned out to be
negative, but simultaneously the diagnosis of DiGeorge syn-
drome was established. This is one of many cases of patients
who were diagnosed in their teenage or adult years due to mild-

July

Hospitalization

Urinary infection

22.03.2007
Hospitalization

Reccuring urinary
infections

September

Date of birth

Hospitalization
Poor weight gain
Right aortic arch

Beginning of speach
therapist care

CK - creatine kinase; Ca2* — ionized calcium

Figure 1. Chronological past medical history of the patient
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ness and non-specificity of the symptoms [1-4]. According to
the patient’s past medical history, there were many signs and
symptoms that could have led to an earlier testing, but they
were mild and unclear. The patient and his legal guardians have
consented to the publication of the case report.

Case presentation

A 13-year-old male patient presented to the emergency de-
partment (ED) due to the symptoms of gastroenteritis. The boy
was born by vaginal delivery after an uneventful pregnancy at
the 39" week of gestation with a birthweight of 3520 g and Ap-
gar score of 10. His neuromotor development was insignificant-
ly delayed, with particular delays in the emergence of language.
He started walking at 15 months and spoke his first words at the
age of 10 months with subsequent speech delay at 18 months.
In his early years, he underwent frequent urinary and respiratory
tract infections and was hospitalized due to those conditions
several times. He was also diagnosed with right aortic arch,
submucosal cleft palate, mild impairment, requiring early devel-
opment support, and speech impediment. He was taken care
of by a cardiologist, laryngologist, neurologist, speech therapist
and physiotherapist (Figure 1). At admission, his complaints
were nausea and abdominal pain. In examination his vital signs
were normal. He presented typical dehydration features such
as dry oral mucosa and sunken eyes. He also had the following
typical features of craniofacial anomalies: protruding, low-set
auricles bilaterally, antimongoloid position of the eyes, long na-
sal dorsum and short philtrum. Laboratory studies performed
at ED demonstrated ionized calcium level of 0.68 mmol/l

October

Genetic test result
DiGeorge syndrome
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Emergency department
gastrointestinal infection
CK — 3059 umol/I
Ca?* - 0.68 pumol/I

Hospitalization
Hypertrophy of the
platine torusils
Cleft plate
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. of muscular dystrophy :
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(reference range 1.15-1.29 mmol/l) and increased creatine ki-
nase (3059 IU/I; reference range 0-270 Ul/l). Electrocardiogra-
phy detected long QT. At the department he was treated symp-
tomatically due to dehydration and abdominal pain and was
referred to specialist clinics (cardiology, neurology, geneticist
and gastroenterologist) with the suspicion of muscular dystro-
phy. After a few months, genetic tests were performed. Array
comparative genomic hybridization (aCGH) showed a dele-
tion of region g11.2 on one chromosome 22, consistent with
DiGeorge syndrome. In the meantime, the patient underwent
2 afebrile seizure episodes lasting from few seconds to few
minutes presented as hands contorting, loss of consciousness
and upper lip elevation. A computed tomography exam was

Table I. Laboratory results of the patient

performed and revealed Fahr syndrome, a bilateral striatopalli-
dodentate calcinosis. According to those seizures, after receiv-
ing the result of genetic examination, the patient was directed
to the pediatric endocrinology clinic for further survey and treat-
ment. At admission he was 168 cm tall (75"-90™" percentile for
sex and age according to Polish growth chart) and weighted
63.1 kg (75"-90" percentile), BMI 22.4 kg/m? (90" percentile)
(Figures 2, 3) [5]. At the department laboratory tests were
performed (Table 1). Blood morphology analysis did not show
any significant abnormalities, renal function tests were normal
and only alanine transaminase was slightly elevated. Thyroid
function tests, including TSH, FT3 and FT4 levels, were within
normal range. The relevant observations were hypocalcemia

Ca PO Ca2* Daily calcium  TRP PTH CK
(mmol/l) (mg/dl) (mmol/l) excretion (%) (pg/ml) un
Reference Reference Reference (mmol/kg/24h) Reference Reference Reference
range: range: range: Reference range: range: range:
220-2.65 1.09-2.00 1.15-1.29 range: 85-95 15-65 0-270
0.02-0.12
July 2010 2.40
October 2010 0.97
February 2019 0.68 3,059
October 2020 Diagnosis of the DiGeorge syndrome
November/December 2020
17.11.2020 1.58 .38 0.57 SAlS
Initiation of treatment
18.11.2020 1.42 3.40 0.56
19.11.2020 1.48 3.49 0.62 2,399
20.11.2020 1.50 3.76 0.60
23.11.2020 1.68 3.38 0.65 0.007
25.11.2020 1.57 2.74 0.68
27.11.2020 1.80 2.77
01.12.2020 2.08 2.85 0.89 0.027 98 413
February 2021 2.38 1.56 1.13 0.081 5.10 236
February 2022
16.02.2022 2.40 1.38 0.15 86.5 5.5 124
17.02.2022 2.42 1.54 0.16 92 6.5

Ca - calcium; PO 2 — inorganic phosphates; Ca?* —ionized calcium; TRP - francional tubular reabsorption of phosphate; TRP - fractional tubu-
lar reabsorption of phosphate; PTH — parathyroid hormone; CK — creatine kinase
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(1.53 mmol/l; reference range: 2.2-2.65 mmol/l), hyperphos-
phatemia (3.35 mmol/l; reference range: 1.09-2 mmol/l), para-
thormone level below the normal range (3.15 pg/ml; reference
range: 15-65 pg/ml) and vitamin D deficiency. Creatinine kinase
activity was still high (2399 U/l). In the daily 24-hour urine col-
lection fractional tubular reabsorption of phosphate (TRP) was
98%. Another important clinical finding was hypercholesterol-
emia with high low density cholesterol (LDL-C) and low high
density cholesterol (HDL-C) levels. Additionally, computed to-
mography (CT) was performed. It revealed multiple calcifica-
tions located bilaterally in the basal ganglia, dentate nuclei
and frontal lobe. Another finding was septum pellucidum cyst.
During EEG monitoring, mild seizure episodes were observed.
During hospitalization, the appropriate treatment was imple-
mented. The patient received 1 ug of alfacalcidol twice daily,
1000 mg of calcium three times a day, 470 mg of magnesium
lactate three times a day and 1000 IU of vitamin D once a day. Af-
ter almost two weeks of treatment normalization of calcium and
phosphorus levels was observed. The patient was discharged
home with recommendation for further multidisciplinary care. In
addition to pharmacological treatment, a low-phosphorus diet
was recommended.

Follow-up

After more than one year the patient reported to the pe-
diatric department for medical supervision. At admission his
general condition was good, with no disturbing symptoms.
He was 174 cm tall (50"-75" percentile) and weighted 70.5 kg
(75"-90" percentile), BMI 23.28 kg/m? (75"—90" percentile) (Fig-
ures 2, 3) [5]. Chvostek’s and Trousseau’s signs were absent.
No seizure episodes were observed since the last hospitaliza-
tion. The biochemical markers of calcium-phosphate metabo-
lism were within the reference range. Creatine kinase activity
was normal. Cholesterol level was still elevated and vitamin D
concentration was suboptimal. Dual-energy X-ray absorptiom-
etry (densitometry; DXA) did not show decreased bone density;
Z-score for lumbar spine (LS) measurement was 1.6 and the
total body less head (TBLH) was 0.4. Daily 24-hour urine collec-
tion was performed twice. Both examinations showed increased
calcium excretion level with fractional tubular reabsorption of
phosphate (TRP) within normal range. According to the patient’s
condition, blood tests and imaging techniques surveys, previ-
ous treatment was successful and well tolerated by the patient.
The decision of medication maintenance was made.

Discussion

The presented case is a description of the patient who was
diagnosed with DiGeorge syndrome at the age of 13. Typically,
the disease is diagnosed in early childhood, but sometimes
the lack of characteristic symptoms, such as diagnosed hypo-
calcemic tetany, hemodynamically significant heart disease or
obvious cleft palate, may lead to the diagnosis in the teenage
years or even in adults, as in the case of our patient. The aver-
age age of a diagnosis varies from 0 to 33 years and depends
mostly on the presented symptoms [6, 7].

264 © Copyright by PTEIDD 2023

In the boy, the syndrome was manifested by subclinical
abnormalities that did not arouse the doctors’ suspicion of Di-
George syndrome. The child had: right-sided aortic arch, sub-
mucosal cleft palate, non-evident hypocalcemia signs (tremor)
and non-specific, slight features of facial dysmorphism. Hypo-
calcemia is observed in about 70% of patients with the 22g11.2
mutation, but its symptoms are not always observed. With
latent hypoparathyroidism, PTH (parathyroid hormone) is se-
creted in quantities that are enough to maintain normal calcium
and phosphorus concentrations, however, during the period of
increased demand for calcium, such as during puberty, PTH
secretion becomes insufficient, which contributes to the symp-
tomatic manifestation of hypocalcemia [8]. On the other hand,
hypocalcemia related to hypoparathyroidism is not presented
in every patient, may develop later, be persistent or transient
and is often masked by the other signs or symptoms. Even
if hypocalcemia is present, patients are often well adapted to
long lasting low calcium levels and can develop symptoms
while its concentration is extremely low.

In the presented patient, high creatine kinase activity raised
the suspicion of myopathy. For this reason a genetic test was
performed, which showed the presence of the 22g11.2 muta-
tion, without previous suspicion of DiGeorge syndrome. The lit-
erature also presents cases of patients of different ages with
an atypical manifestation of undiagnosed DiGeorge syndrome.
For example, in an almost 12-year-old boy, episodes of hypo-
calcemia manifested in the form of laryngospasm and tonic
seizures [8]. In another publication Johnston et al. presented
the case of a 29-year-old woman who saw a general practitio-
ner because of recurrent numbness and tingling of the hands
and feet for 2 years. In this case a transient hypocalcemia was
detected in the neonatal period, which resolved after appro-
priate calcium and vitamin D supplementation. In subsequent
years no hypocalcemic episodes occurred and the patient un-
derwent a series of tests due to numbness, including genetic
testing, then the 22g11.2 mutation was detected [9]. There are
also publications of cases in which hypocalcemia did not give
any overt symptoms and was detected accidentally. This hap-
pened in the case of 11-year-old Korean girl. She was reported
to emergency department due to the fever and vomiting. Labo-
ratory tests revealed hypocalcemia and decreased parathyroid
hormone level. Later a microdeletion on chromosome 22g11.2
was confirmed by fluorescence in situ hybridization. Looking at
her past medical history, she was born with imperforate anus
with rectovestibular fistula and partial cleft palate, but there was
no history of neonatal hypocalcemia and karyotyping by GTG
banding was normal. In the following years, she had frequent
respiratory tract infections, chronic constipation, development
delays, mild intellectual disability and mildly dysmorphic facial
features, but due to the lack of typical symptoms, the DiGeorge
syndrome was not suspected [10]. Diagnose of DiGeorge syn-
drome is not simple even in patients with documented hypocal-
cemia, as it was in the case of 44-year-old woman who suffered
from recurrent syncope episodes. She also had QT-prolonga-
tion due to hypocalcemia. As a child she experienced epileptic
seizures, but no further treatment was required. Only after find-
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ing not previously documented mild facial dysmorphia, she was
directed for genetic testing, which revealed a microdeletion in
22q11.2, confirming the diagnosis of DiGeorge syndrome [11].

Psychiatric symptoms may also be a manifestation of this
disease. Patients with DiGeorge syndrome have a risk of psy-
chiatric disorders up to three times higher than a healthy popu-
lation, which was shown in a Danish study published in 2017
[12]. There are many case reports of genetically undiagnosed
patients with 22g11.2 deletion syndrome presenting psychiat-
ric disorders. Interestingly, there might be a lot of patients over
40 year old, who remain undiagnosed, due to the fact that the
genetic testing was not available before the nineties of the twen-
tieth century [13].

Rizvi et al. described the case of a 21-year-old African-
American woman in whom DiGeorge syndrome manifested in
the form of psychosis. A CT scan of the head showed calcifica-
tion of the basal ganglia, a Fahr syndrome was also detected
in the patient and laboratory tests revealed hypocalcemia and
hyperphosphatemia [14]. In other patient, the 51-year-old man,
the DiGeorge syndrome was diagnosed after many years of
treatment due to the panic disorder and a severe depressive
episode with suicidal ideation. As a child, this man underwent
a heart surgery for septal defect at 6 years of age, correction
of polydactyly (two additional thumbs) at 6 years of age, and
polypectomy in the nose (10 years of age) and then the colon
(51 years of age). Geneticist was consulted because all of the
symptoms above, but only after severe psychiatric episode oc-
curred [13].

The high activity of creatine kinase in our patient was pres-
ent due to previously undiagnosed tremor, without obvious
exponents of hypocalcemic tetany, but leading to muscular
cell destruction with a release of rhabdomyolysis markers, as
well as leakage of the enzyme from the myocytes due to the
membrane permeability under the influence of hypocalcemia
[15-17]. In the patient myopathy was suspected because of

References

1. LiuXJ, Yan C, Jia JY. A typical 22g11.2 deletion syndrome and pseu-
dohypoparathyroidism: A CARE compliant case report. Medicine
(Baltimore) 2019; 98: e16109. doi: 10.1097/MD.0000000000016109.

2. Kar PS, Ogoe B, Poole R, Meeking D. Di-George syndrome present-
ing with hypocalcaemia in adulthood: two case reports and a review.
J Clin Pathol 2005; 58: 655-657. doi: 10.1136/jcp.2004.023218.

3. Oyetunji A, Butler MG. 22g11.2 Microduplications: Two Clinical Re-
ports Compared with Similar Cases from the Literature. J Pediatr
Genet 2020; 9: 211-220. doi: 10.1055/s-0039-1700980.

4. Gkampeta A, Kouma E, Touliopoulou A, et al. Afebrile Seizures as
Initial Symptom of Hypocalcemia Secondary to Hypoparathyroid-
ism. J Neurosci Rural Pract 2016; 7 (Suppl 1): S117-S119. doi: 10.
4103/0976-3147.196457.

5. Kutaga Z, Rozdzynska A, Palczewska |, et al. Percentile charts of
height, body mass and body mass index in children and adolescents
in Poland — results of the OLAF study. Stand Med 2010; 7: 690-700.

high activity of creatine kinase. Low levels of calcium in the
blood were accidentally detected several times, however it was
not noticed by doctors and the diagnosis was not extended.
This patient is not the first described case in whom hypopara-
thyroidism has been mistaken for muscular disease. In the
literature, there are similar cases of patients whose muscle
damage due to hypocalcemia was previously misdiagnosed
as polymyositis or myopathy [18-22]. Combination of these
conditions indicates the need for a more in-depth analysis of
laboratory tests and differential diagnosis, as the treatment of
hypoparathyroidism is quite simple and the patient’s condition
improves in a short time after initiation of appropriate treatment
[20]. In the patient with hypothyroidism-induced myopathy due
to hypocalcemia, after correction of hypocalcemia with 600 mg
calcium carbonate twice daily and 0.75 ug of calcitriol daily,
creatine kinase levels gradually normalized [20]. However, it is
crucial that in the patients with a parathyroid hormone deficien-
cy, only active forms of vitamin D should be used, because the
hydroxylation of 25-hydroxyvitamin D to 1.25-hydroxyvitamin D
is a process that occurs with the participation of PTH and its
deficiency disturbs this reaction [23, 24].

Conclusions

DiGeorge syndrome can sometimes cause non-specific,
subclinical symptoms that do not at first glance indicate the
presence of the disease, but doctors should always be careful
in the presence of hypocalcemia of unknown origin and con-
duct a thorough clinical examination, medical interview, and
analyze the patient’'s medical records. There is a need to de-
termine the level of calcium and phosphate levels in patients
with non-specific muscular symptoms and with high activity of
creatine kinase. The correct interpretation of these laboratory
results may significantly shorten the procedure of diagnosis
and make the correct reconnoitring.

6. Silva IMW, Gil-da-Silva-Lopes VL. An overview of the trajectory of Bra-
zilian individuals with 22g11.2 deletion syndrome until diagnosis. Or-
phanet J Rare Dis 2022; 17: 67. doi: 10.1186/s13023-022-02225-9.

7.Ingrao T, Lambert L, Valduga M, et al. Syndrome de microdélé-
tion 22q11.2 : analyse du parcours patient avant le diagnostic
génétique. [22g11.2 microdeletion syndrome: Analysis of the care
pathway before the genetic diagnosis]. Arch Pediatr 2017; 24:
1067-1075. doi: 10.1016/j.arcped.2017.08.017.

8. Eryilmaz SK, Bas F, Satan A, et al. A patient with 22g11.2 dele-
tion syndrome: case report. J Clin Res Pediatr Endocrinol 2009; 1:
151-154. doi: 10.4008/jcrpe.v1i3.46.

9. Johnston PC, Donnelly DE, Morrison PJ, Hunter SJ. DiGeorge syn-
drome presenting as late onset hypocalcaemia in adulthood. Ul-
ster Med J 2008; 77: 201-202.

10. Dong-Yoon Y, Hae JK, Kee HC, et al. Delayed diagnosis of 22g11
deletion syndrome due to late onset hypocalcemia in a 11-year-old
girl with imperforated anus. Ann Pediatr Endocrinol Metab 2017;
22: 133-138. doi: 10.6065/apem.2017.22.2.133.

© Copyright by PTEIDD 2023 265



Pediatr Endocrinol Diabetes Metab 2023

Wylaztowska A.J., Grabarczyk M., Gorczyca M., Matusik P,

11.

12.

13.

14.

15.

16.

17.

Isgandarova K, Molatta S, Sommer P Late diagnosed DiGeorge
syndrome in a 44-year-old female: a rare cause for recurrent syn-
copes in adulthood — a case report. Eur Heart J Case Rep 2021; 5:
ytab166. doi: 10.1093/ehjcr/ytab166.

Hoeffding LK, Trabjerg BB, Olsen L, et al. Risk of Psychiatric Dis-
orders Among Individuals With the 22g11.2 Deletion or Duplica-
tion: A Danish Nationwide, Register-Based Study. JAMA Psychiatry
2017; 74: 282-290. doi: 10.1001/jamapsychiatry.2016.3939.

Kraus C, Vanicek T, Weidenauer A, et al. DiGeorge syndrome: Rel-
evance of psychiatric symptoms in undiagnosed adult patients.
Wien Klin Wochenschr 2018; 130: 283-287. doi: 10.1007/s00508-
018-1335-y.

Rizvi S, Khan AM, Saeed H, et al. Schizophrenia in DiGeorge
Syndrome: A Unique Case Report. Cureus 2018; 10: e3142. doi:
10.7759/cureus.3142.

Coban YK. Rhabdomyolysis, compartment syndrome and thermal in-
jury. World J Crit Care Med. 2014; 3: 1-7. doi: 10.5492/wjccm.v3.i1.1.
Jiwa FH, van den Hoek K, van Zeijl CJJ, Kooter AJ. A Patient with
speechlessness and rhabdomyolysis: a rare presentation of severe
hypocalcaemia. BMJ Case Rep 2020; 13: €238072. doi: 10.1136/
bcr-2020-238072.

Barber J, Butler RC, Davie MW, Sewry CA. Hypoparathyroidism pre-
senting as myopathy with raised creatine kinase. Rheumatology (Ox-
ford) 2001; 40: 1417-1418. doi: 10.1093/rheumatology/40.12.1417.

266

© Copyright by PTEIDD 2023

18.

10.

20.

21.

22.

23.

24.

LiL, Yang H, Li J, et al. Misdiagnosis of idiopathic hypoparathyroid-
ism: A case report and literature review. Medicine (Baltimore) 2018;
97: €9884. doi: 10.1097/MD.0000000000009884.

Syriou V, Kolitsa A, Pantazi L, Pikazis D. Hypoparathyroidism in
a patient presenting with severe myopathy and skin rash. Case
report and review of the literature. Hormones 2005; 4: 161-164.
Policepatil SM, Caplan RH, Dolan M. Hypocalcemic myopathy sec-
ondary to hypoparathyroidism. WMJ 2012; 111: 173-175.

Nora DB, Fricke D, Becker J, Gomes I. Hypocalcemic myopathy
without tetany due to idiopathic hypoparathyroidism: case report.
Arg Neuro-Psiquiatr 2004; 62: 154-157. https://doi.org/10.1590/
S0004-282X2004000100028.

Kajitani TR, Silva RV, Bonfa E, Pereira RM. Hypoparathyroidism
mimicking ankylosing spondylitis and myopathy: a case report. Cli-
nics (Sao Paulo, Brazil) 2011; 66: 1287-1290. doi: 10.1590/s1807-
59322011000700028.

Bikle DD. Vitamin D metabolism, mechanism of action, and clini-
cal applications. Chem Biol 2014; 20; 21: 319-329. doi: 10.1016/j.
chembiol.2013.12.016.

Brenza HL, Kimmel-Jehan C, Jehan F, et al. Parathyroid hormone
activation of the 25-hydroxyvitamin D3-1alpha-hydroxylase gene
promoter. Proc Natl Acad Sci U S A 1998; 95: 1387-1391. doi:
10.1073/pnas.95.4.1387.



