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A B S T R A C T 

Hypoparathyroidism, deafness, and renal dysplasia (HDR) syndrome is an autosomal dominant 
disorder. Because HDR syndrome is caused by haploinsufficiency in GATA3, it exhibits variation 
in the onset and progression of hearing loss. In previous reports, the automated auditory brainstem 

response (AABR) was considered insufficient to detect sensorineural hearing loss caused by HDR 

syndrome. We report a case of HDR syndrome whose congenital hearing loss was detected by 
newborn hearing screening (NHS) using AABR. In this case, HDR syndrome was suspected due 
to hearing loss, hypocalcemia, and her family history. Genetic testing confirmed the diagnosis of 
HDR syndrome at 5 months of age. Because the phenotype of hearing loss due to HDR syndrome 
is variable and includes progressive hearing loss, these cases may not be detected by the HNS. 
However, most of the previous reports were published before the NHS became common and 
given the frequency of hearing loss complications in HDR syndrome. We consider that there is 
a reasonable number of HDR syndrome cases with abnormalities on the NHS. We believe that 
the NHS may also be useful for early detection of hearing loss due to HDR syndrome. 

© 2023 Japanese Society of Otorhinolaryngology-Head and Neck Surgery, Inc. Published by 
Elsevier B.V. All rights reserved. 
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. Introduction 

Hypoparathyroidism, deafness, and renal dysplasia (HDR)
yndrome is a rare autosomal dominant disorder first reported
y Bilous et al [1] . This disorder is known to be primarily
aused by the haploinsufficiency of the zinc-finger transcrip-
ion factor GATA 3 gene, located on chromosome 10p15 [2] .
ATA3 plays an important role in the development of the
arathyroid gland, inner ear, kidney, thymus gland, and cen-
ral nervous system during embryonic development [3] . 
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Sensorineural hearing loss associated with HDR syn-
rome is often reported as bilateral, moderate to severe high-
requency deafness [4] . Because this disorder is caused by the
aploinsufficiency of this gene, the onset and progression of
he hearing loss caused by this disorder varies [ 1 , 4–6 ]. Despite
he potential risk of congenital hearing loss, there are few de-
ailed reports on the hearing outcome of patients with HDR
yndrome from infancy. In addition, newborn hearing screen-
ng (NHS), using the automated auditory brainstem response
AABR), has been reported to be inadequate for detecting
ensorineural hearing loss due to HDR syndrome because the
esults are often normal [ 7 , 8 ]. 

We reported a case of HDR syndrome with bilateral sen-
orineural hearing loss suspected by NHS using AABR. This
s a valuable case of HDR syndrome diagnosed in infancy
ery, Inc. Published by Elsevier B.V. All rights reserved. 
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Fig. 1. The family tree for the present case (indicated by the arrow). The 
three-generation family tree shows family members and ancestors. Females 
are represented by circles and males by squares. Individuals occurred with 
sensorineural hearing loss and hypoparathyroidism are indicated. 
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ased on NHS results, hypocalcemia, and family history, and
reated early with calcium supplementation and hearing aids.
t suggests that there is a reasonable number of HDR syn-
romes that show abnormalities in the NHS. 

. Case report 

A 24-day-old girl consulted by pediatrician for NHS ab-
ormality and hypoparathyroidism. She was born by natu-
al childbirth at 38 weeks gestation, with a birth weight of
026 g. Her mother had bilateral hearing loss and used hear-
ng aids since adolescence. She had also been treated for id-
opathic hypoparathyroidism prior to pregnancy. Her maternal
ncle had also been treated for hypoparathyroidism ( Fig. 1 ). 

At 3-day-old, NHS was performed using AABR. The re-
ults of NHS were REFER in both ears. Based on her family
istory, at 4-day-old, a blood examination showed hypocal-
emia with Ca 6.1 mg/dL and P 8.6 mg/dL (reference values
t 0 months were Ca 9.0–11.0 mg/dL and P 5.0–7.7 mg/dL).
owever, she was asymptomatic, without tetany or convul-

ive seizures associated with hypocalcemia, and was started
n calcium gluconate hydrate and alfacalcidol. At 7-day-old,
ntact PTH level was as low as 7 pg/ml and idiopathic hy-
oparathyroidism was diagnosed. 
Please cite this article as: S. Takai, M. Adachi, H. Takahashi et al., HDR syndr
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At 24-day-old, she was referred to our hospital for defini-
ive diagnosis. The maternal family history suggested the pos-
ibility of HDR syndrome. To determine a definitive diag-
osis, ultrasound examination, auditory brainstem response
ABR) and genetic analysis were performed. Genetic analysis
as offered to her mother as well, but she did not want it and

t was not performed. Ultrasound examination of the urogen-
tal organs revealed no obvious morphological abnormalities.
BR revealed moderate to severe bilateral sensorineural hear-

ng loss, with a wave V threshold of 70 dB HL in the right
ide ear and 60 dB HL in the left side ear. Next-generation
equencing identified a heterozygous GATA3 mutation, splice
onor site mutation (c.1050 + 1G > A). At 5-month-old, from
hese results, she was diagnosed with HDR syndrome. 

At 6-month-old, conditioned orientation response audiome-
ry (COR) was performed. The average binaural hearing level
ested by COR was 73.4 dB HL ( Fig. 2 ). Based on the re-
ults of the COR and ABR, she started wearing hearing aids.
he average COR threshold with hearing aids at 12 months
f age was 40 dB HL, and the functional gain was approxi-
ately 30 dB ( Fig. 3 ). 
At 1-year-old, temporal bone computed tomography (CT)

evealed no morphological abnormalities in either ear. Genetic
nalysis of the congenital hearing loss did not detect any mu-
ations. Oral alfacalcidol was continued for treatment of hy-
oparathyroidism. At 1 year and 10-months-old, her serum
alcium level is stable and within reference range, and there
ere no developmental abnormalities. Regarding her hearing

nd speech development, we have evaluated her hearing level
nd fitted her hearing aids every two months. There is no sig-
ificant progression of hearing loss and no delay in speech
cquisition. 

. Discussion 

We presented a case of HDR syndrome whose congen-
tal hearing loss was diagnosed early by newborn hearing
creening (NHS) using AABR, and early auditory interven-
ion could be performed. HDR syndrome is a rare autosomal
ominant genetic disorder characterized by the triad of hy-
oparathyroidism, sensorineural hearing loss, and renal dys-
lasia. This condition is known to be primarily caused by
he haploinsufficiency of the GATA 3 gene [2] . Autosomal
ominant genetic disorders with haploinsufficiency, such as
DR syndrome, generally present “expression variability” [9] .
herefore, HDR syndrome is phenotypically defined by the

riad, the combination of the triad and the severity of symp-
oms are variable, and plays an important role in the de-
elopment of the parathyroid gland, inner ear, kidney, thy-
us gland, and central nervous system during embryonic

evelopment [3] . 
Sensorineural hearing loss is the most common finding in

DR syndrome. It is present in 96% of patients with HDR
yndrome. Hypoparathyroidism and renal dysplasia are re-
orted in 93% and 72%, respectively, whereas only 64% of
atients with HDR syndrome have the clinical triad [10] . In
his case, hearing loss and hypocalcemia were observed. The
everity of hypoparathyroidism varies, ranging from asymp-
ome, detected in the neonatal period by newborn hearing screening, Auris 
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Fig. 2. Conditioned orientation response audiometry in the present case at 6 months of age. 

Fig. 3. Conditioned orientation response audiometry in the present case at 12 months of age. outlined; unaided threshold, solid; aided threshold. 
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omatic, as in the present case, to with tetany and with convul-
ive seizures [11] . Renal and urinary tract abnormalities have
een reported including hypoplasia, aplasia, cystic kidneys,
nd vesicoureteral reflux, etc. [12] . In addition, sensorineural
earing loss is relatively often reported to be bilateral [4] , and
he onset and progression of hearing loss is also expected to
e variable. 
Please cite this article as: S. Takai, M. Adachi, H. Takahashi et al., HDR syndr
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Several basic studies of hearing loss in HDR syndrome
ave been reported. Van der Wees et al. investigated the
eafness phenotype in heterozygous Gata3 mice [13] . They
eported that the cochleae of heterozygous Gata3 mice show
ignificant progressive morphologic degeneration starting with
he outer hair cells (OHCs) and eventually affecting all hair
ells and supporting cells in the entire cochlea, and that
ome, detected in the neonatal period by newborn hearing screening, Auris 
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Table 1. Summary of phenotypic characteristics, NHS results, and hearing intervention of the present case and previously 
reported cases with HDL syndrome. 

Present case Kondo et al. (2019) [5] Kita et al. (2019) [7] 

Patient 1 Patient 2 

Gender Female Female Female Male 
Age at diagnosis 5 months 11 years 6 years 1year 
Hypoparathyroidism Yes Yes Yes Yes 
Renal dysplasia No No Yes No 
Sensorineural hearing loss Yes Yes Yes No 
NHS type AABR AABR AABR AABR 

NHS result refer/refer refer/refer normal normal 
Hearing aids use Bilateral Bilateral unknown unknown 
Age at hearing aids fitting 6 months 2 years unknown unknown 

AABR; auto auditory brainstem response,NHS; newborn hearing screening. 
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he deficits in both DPOAE and ABR begin to appear in
he first few months of life. Van Looij et al. examined au-
itory response and hair cell morphology in heterozygous
ata3 knockout mice and wild-type mice [14] . They reported

hat heterozygous Gata3 knockout mice had an early elevated
BR response threshold, significantly lower DPOAEs, and
orphologically, like Van der Wees et al. [13] , more rapid

egeneration of OHCs in the apex and base of the cochlea
ompared to wild-type mice. 

According to these reports, the sensorineural hearing loss
n HDR syndrome may be related to the degeneration of
ochlear hair cells. This suggests that hearing loss may not
e detected early by ABR and that OAE is more sensitive
han ABR. In addition, cochlear hair cell degeneration occurs
rogressively over time, which may explain why sensorineu-
al hearing loss in HDR syndrome is not only congenital but
lso includes postnatal progressive hearing loss. 

Bilous et al. [1] and Hernandez et al. [6] reported that
earing loss in HDR syndrome is not progressive with age.
n the other hand, Van Looij et al. [4] and Kondo et al.

5] reported that hearing loss in HDR syndrome is progres-
ive. Kondo et al. evaluated hearing from age 4 to 12 years
f age and reported that hearing loss progressed more rapidly
fter the age 10 years of age [5] . In the present case, there
s no progressive hearing loss at the age of 17 months, but
ecause of the possibility of progressive hearing loss in the
uture, regular audiometry will be performed. 

The efficacy of NHS in detection of HDR syndrome is
lso controversial. In this case and in the case of Kondo et al.
5] , AABR was performed as NHS, and in both cases, it did
ot pass bilaterally ( Table 1 ). In both case, subsequent test-
ng revealed a moderate hearing loss bilaterally. On the other
and, Kita et al. [6] reported that the auditory brainstem re-
ponse for newborn hearing screening in two patients with
DR syndrome was normal and concluded that the auditory
rainstem response for newborn hearing screening is prob-
bly insufficient for the detection of HDR syndrome. How-
ver, most previous reports were published before HNS be-
ame common and considering the frequency of hearing loss
omplications in HDR syndrome, it is not uncommon for
earing loss to be detected by HNS in the neonatal period
n the future, considering that HDR phenotypes are highly

ariable. d  

Please cite this article as: S. Takai, M. Adachi, H. Takahashi et al., HDR syndr
Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.2023.08.007 
Even if NHS is normal, continued follow-up may be nec-
ssary. In addition, even if HDR is not diagnosed, we believe
hat ongoing audiologic testing is necessary in cases of hy-
oparathyroidism and in cases with a family history of HDR.
ngoing follow-up could lead to early hearing detection and

ntervention for late onset sensorineural hearing loss. 

. Conclusion 

In the present case, the sensorineural hearing loss caused
y HDR syndrome could be identified by the newborn hearing
creening test (AABR), and appropriate auditory intervention
ould be provided thereafter. However, because HDR syn-
rome has a variety of phenotypes due to its genetic patho-
enesis, continuous hearing evaluation is considered necessary
n children with a family history or congenital hypoparathy-
oidism, even in cases with a normal newborn hearing screen-
ng test. 
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