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ABSTRACT

Purpose: It is essential to investigate the audiological profiles of Williams syndrome in a multicultural context. This study aims to examine the char-
acteristics and management of hearing loss in Chinese children with Williams syndrome and provide references for future clinical management.
Method: Between January 2007 and March 2022, families with at least 1 WS patient was recruited from the Newborn Cohort Study of Hearing Loss.
Audiological tests were performed, and then appropriate medical management was offered. Furthermore, an overview of the hearing loss phenotype
in Williams syndrome in different locations was reviewed. Results: A total of two families with at least 1 Williams syndrome patient were recruited
from the Newborn Cohort Study of Hearing Loss (ChiCTR2100049765). We identified moderately severe sensorineural or conductive hearing loss
that emerged as early as the infancy period in Williams syndrome subjects in Chinese children. Our results extended the reported onset ages of
hearing loss in WS from late childhood or early adulthood to the infancy period. We also found that with early diagnosis, proper management, and
regular monitoring, children with Williams syndrome could return to a normal or near-normal school life. Conclusions: Our study demonstrated the
distinct hearing profile in Chinese children with Williams syndrome for the first time. This cohort of WS subjects extends the reported onset ages of
hearing loss in WS from late childhood or early adulthood to the infancy period, indicating the importance of clinicians screening and monitoring
the hearing status of individuals with WS as early as possible. These data provide references for otolaryngologists and paediatricians to inform the
clinical understanding and management of hearing loss in Williams syndrome.
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begin gradually and progress as hearing loss worsens. Children
with WS have visuospatial disorders requiring them to depend
upon more auditory information in educational and social envi-
ronments (Brodie et al., 2022; Game, Panicker and Fowler, 2010;
fkiz and Yiicel, 2022; Paglialonga et al., 2014).

It is essential to investigate the audiological profiles of Williams
syndrome in a multicultural context. The hearing loss phenotype
of WS has been well-described in the United States, Brazilians,

1 Introduction

Williams syndrome, also known as Williams-Beuren syndrome
(WS/WBS, OMIM 194050), is a genetic disorder caused by a
deletion of part of chromosome 7 (7q11.23) with an autosomal
dominant mode of inheritance 2. (Beuren, Apitz and Harmjanz,
1962; Kozel et al., 2021; Williams, Barratt-Boyes and Lowe, 1961).
Itis a relatively rare neurodevelopmental condition with an esti-

mated prevalence of one in 750020000 births and affects males
and females equally (National Organization for Rare Disorders,
2006; Stromme, Bjornstad and Ramstad, 2002). Children with WS
usually show dysmorphic facies, cardiovascular disease, intellectual
disability, visuospatial deficits, and hearing loss (Kruszka et al.,
2018; Pinelli et al., 2020; Somerville et al., 2005; Tebbenkamp et al.,
2018; Willfors et al., 2021). Hearing loss can have a profound
impact on the health and education of this population. The effects

Ttalians, and Israelis (Barozzi et al., 2013; Marler et al.,, 2010; Silva
et al., 2021; Zarchi et al, 2011). However, there have been no
reports regarding audiological profiles of Williams Syndrome in
Asian populations. An important question is whether hearing loss
is unique or nonspecific in Chinese subjects with WS. To address
this question, we comprehensively investigated auditory impair-
ments in 2 Chinese families affected with Williams syndrome and
compared them with other populations in the previous literature
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studies. We performed newborn hearing screening, diagnostic
auditory testing, interventions, and follow-ups. We described the
distinct auditory characteristics in Chinese WS children. To our
knowledge, this is the first hearing loss report in WS cases in the
Chinese population, and it preliminarily characterized the audio-
logical profile of Chinese children with Williams syndrome to
provide references for future clinical management.

2 Methods

2.1 Study design, ethics, setting, and participants

This cohort study was registered in the Chinese Clinical Trial
Registry (ChiCTR2100049765). Families with at least 1 WS patient
was recruited from the Newborn Cohort Study of Hearing Loss.
From a total of 2082 families in the cohort, 2 families were
selected. The diagnosis of WS had been clinically established and
genetically confirmed previously in these patients. All patients
included in the study exhibited the typical microdeletion
(7q11.23). They were recruited by the Chinese PLA General Hos-
pital, Beijing, China, between 2007 and 2022 (Fig. 1). The study
was approved by the Committee of Medical Ethics of the Chinese
PLA General Hospital (S2022-590-01). Written informed consent
was obtained from the parents of the children.

2.2 Otologic examinations and clinical management

Otologic examinations included physical examination, otoscopic
examination, imaging examination, and audiological evaluation.
Certified and experienced audiologists performed the audiological
assessment at the Clinical Audiology Center of the Chinese PLA
General Hospital. A battery of audiological tests was performed,
including visual reinforcement audiometry (VRA), conditioned
play audiometry (CPA), immittance test, distortion product otoa-
coustic emission (DPOAE), auditory brainstem response (ABR),
auditory steady-state response (ASSR), and 40 Hz auditory event-
related potential (40 Hz AERP). In addition, the medical records
of the individuals with WS were also reviewed. Moreover, an
appropriate management strategy was offered, including hearing

Journal of Otology 20 (2025) 5-11

aids and surgery according to clinical manifestations and audio-
logical phenotypes. Patients were monitored for at least three
years.

Visual reinforcement audiometry (VRA) and conditioned play
audiometry (CPA) were performed using a MEDSEN Astera
audiometer (Natus, Denmark). Air and bone conduction thresh-
olds were measured. The hearing thresholds were assessed at
0.125,0.25, 0.5, 1, 2, 4 and 8 kHz. We analyzed the average hearing
threshold calculated by averaging thresholds per ear obtained at
0.5, 1, 2, and 4 kHz. The degree and type of hearing loss were
assessed based on the WHO 2021 criteria (World Health Organi-
zation, 2021).“Normal hearing’ was defined by hearing thresholds
of 20 dB or better in both ears, and “hearing loss’ was defined by
hearing thresholds above 20 dB HL in one or both ears. The
degree of hearing loss was classified as “mild when the average
hearing threshold was between 20 and 35 dB HL, ‘ moderate’
between 35 and 50 dB HL, “moderately severé between 50 and
65 dB HL, ‘ severe’ between 65 and 80 dB HL, ‘ profound’
between 80 and 95 dB HL, and “total hearing losS’ at more than
95dB HL. According to the peak admittance measure, the tym-
panometric curve was characterized following Jerger’s criteria
(Jerger, 1970). Tympanometry was classified as normal (type A),
flat curve (type B), negative pressure (type C), low peak curve
(type As), or high peak curve (type Ad).

2.3 Statistical analysis

Data were analyzed using R (R 4.2.0) (R Core Team, 2022).
Descriptive and statistical analyses were performed. Counts and
percentages were calculated for categorical variables. Mean values
and standard deviations (SDs) were calculated for quantitative
variables. P<0.05 in two-tailed tests was regarded as statistically
significant.

2.4 Overview of hearing loss phenotype in Williams syndrome

The EMBASE and PUBMED databases were searched for a lit-
erature review. The clinical audiological characteristics of these
WS cases were summarized. Then, comparisons of the audiological
phenotypes and associated management in different studies from
different countries were analyzed.

| 2464 children in the newborn cohort |

}

| 6 were diagnosed with chromosomal disorders |

l

| 2 were enrolled with williams syndrome |

|

l

1 were sensorineural hearing loss
Pre-lingual hearing loss
Hearing aid

1 were conductive hearing loss
Post-lingual hearing loss
Surgical management

l

}

Routine follow-ups were performed
Hearing remains stable

Routine follow-ups were performed
Hearing improvement

}

| Early diagnosis, proper intervention, regular monitoring |

l

| Improvement of the quality of life of these individuals |

Figure 1 Enrollment and outcomes of the children with Williams syndrome participating in the clinical study. The participants were enrolled in the Newborn Cohort

Study of Hearing Loss.
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3 Results

3.1 Otologic tests and clinical management

Finally, 2 families were enrolled in the Newborn Cohort Study
of Hearing Loss (Fig. 1). Children with Williams syndrome all
received a battery of audiological tests to assess their hearing level.
Then, appropriate management was offered, including hearing
aids and surgery, according to clinical manifestations and audio-
logical phenotypes. Regular monitoring was also conducted. During
recent follow-ups, these WS subjects attended ordinary kinder-
gartens in Beijing and could communicate well.

Family 1

Proband III-1 of Family 1 (Fig. 2) was a 1-year-old girl who
suffered from prelingual, approximately symmetrical, and bilateral
sensorineural hearing loss (Fig. 2A). She failed the newborn hearing
screening initially and was diagnosed with bilateral sensorineural
hearingloss at 3 months of age. Visual reinforcement audiometry
(VRA) was conducted at audiometric frequencies. The results
indicated a moderately severe bilateral sensorineural hearing
loss (Fig. 2B). VRA audiograms of the proband showed all-fre-
quency affected hearing impairment. The tympanogram indicated
normal function of the middle ear. The thresholds of ABR were
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65 dBnHL on both sides (Fig. 2C), and the ABR testing showed
prolonged latencies of ABR waves I, III, and V (Table 1). The
40 Hz AERP test illustrated a threshold of 65 dBnHL on both
sides (Fig. 2D). Bilateral DPOAE for the proband was absent. The
ASSR audiogram showed moderately severe hearing loss, and the
ASSR thresholds for the left and right sides were 51.5+12.01 and
52.75+6.75, respectively. The CT of the temporal bone in the
proband of Family 1 (III:1) showed standard inner ear structure.

She was appropriately fit with hearing aids at 10 months of age
and then offered language rehabilitation training. Her mother
responded that the hearing aids worked well. She could listen,
communicate, and participate more fully in daily activities. Follow-
ups were performed after 1 year and 3 years. No significant
changes were seen in hearing level. Now, she is in a regular
kindergarten in Beijing and can communicate well.

Family 2

The proband of Family 2 (Fig. 3) was a 3-year-old girl diagnosed
with a bilateral conductive hearing impairment following an
upper respiratory tract infection. A routine otoscopic examination
showed bilateral tympanic membrane depression and bilateral
intratympanic effusion, suggesting bilateral otitis media with effu-
sion (OME). Auditory examination and conditioned play
audiometry showed that the conductive hearing loss was moder-

A Family 1

! ]Z-r,@/ JZ‘—,@/

W b

111

7

9 10 11 12

/1

B Right =@®-2019-R —@— 2020-R Frequency (Hz)
10 250 500 1k 2k 4k 8k

0F t t 1 t t |
10
20
30
40
50
60
70
80
920
100
110
120
130

C 0.70 uv

1 i b4
<+
Y A "
o vaﬁAw o~

um.‘r{\?/}\ /\A()«{m /\\/\/\,\f SRR e

Hearing level in dBHL

122000V N o TN J N, MENTYY_

3 8mBCSA  ALCAACRLY )//\i\\/\/vv/\/ NS T

Mbbl(B)

6-600BS™ /\/\/ /\/ S AANNA A SANNAA AN
reeome T N\ /\/\/\f\ﬁ ’\’\/\,/\/ e ’\/\// —

Left =#=2019-L —#=—2020-L Frequency (Hz)

10 250 500 1k 2k 4k 8k

0
10
20
30
40
50
60
70
80
20

100
110
120
130

Hearing level in dBHL

" A\
NN\ // \, // ‘\ /

A-BORIAY oA/ i \ A

Nt PRGN o i AAA/
\
+

18N Rre= AN A R s

L S NS AVA NN ANPARATALA A RO

0123456789101112ms

Journal of Otology | VOL 20 | January 2025 | 5-11

01 2 3 45 6 7 8 9 10 11 12ms



Research Paper Journal of Otology 20 (2025) 5-11

D 2.00 pv
-
rsdcm— ’/\ P \F\J\I P s o —— o
\/ 2-80R(A) e - - - —
- //Viu\\‘\‘\\\///\\,\‘vr aTORET— " T o —~
esoreay” - e —
112 UW’/\ = T o s
= \// N 12-80m0A ; L e
SaEe: W - —
e 2 \\\f P

7750@[\;/\//—/\4” _;’/—" ns P
e et s-somEET - -
7 - — S

R — —

0O 10 20 30 40 50 60 70 80 90 100ms O 10 20 30 40 50 60 70 80 90 100ms

PR e RN

Figure 2 Pedigree and audiological phenotype of Family 1. (A) Pedigree diagrams of Family 1. Filled symbols for males (squares) and females (circles) represent affected
individuals and empty, unaffected individuals. An arrow denotes the proband. (B) Audiograms of both ears from the proband in Family 1 (II:2). Symbols “0” and “x”
denote air conduction thresholds at different frequencies in the right and left ear, respectively. dB HL, decibels hearing level; Hz, Hertz. (C) ABR of both ears from the
proband in Family 1 (II:2). ABR, Auditory brainstem response. (D) 40 Hz-AERP of both ears from the proband in Family 1 (II:2). 40Hz-AERP, 40 Hz auditory event-related
potentials. The blue line represents the left ear results (L), and the red line represents the right ear (R).

Table 1 Auditory brainstem response latencies (ms) of the proband III-1 of Family 1

I 111 \4 I-III -V v

Left-1 1.57 4.00 5.72 2.43 1.72 4.15
Right-1 1.52 4.20 5.95 2.68 1.75 4.43
Left-2 1.55 3.95 5.70 2.40 1.75 4.15
Right-2 1.48 4.18 5.75 2.70 1.57 4.27

Data from the Newborn Cohort Study of Hearing Loss. Numbers “1” and “2” denote the Auditory brainstem response latency results of the first and second visit,

respectively.

ately severe (Fig. 3). The tympanogram displayed a “Type B”
curve, indicating noncompressible fluid within the middle ear
space (otitis media). Bilateral DPOAE was absent. The CT of the
temporal bone in the proband of Family 2 (III:1) showed bilateral
otitis media, mastoiditis, and standard inner ear structure.

Since OME lasts for more than 3 months, with the chief com-
plaint being inaudibility accompanied by frequent requests to
speak more loudly, the surgical management of insertion of tym-
panostomy tubes was conducted to promote drainage of persistent
unresolved effusions and improve hearing. During surgery, a pale
yellow jelly-like discharge was suctioned and washed from the
bilateral tympanums. After that, a tympanostomy tube was
inserted on each side. Postoperative follow-ups were performed at
1 month and 2 months after surgery. Parents reported that the
child’s hearing had improved significantly, and they were no
longer asked to speak at higher volumes. Currently, the patient is
in a regular kindergarten in Beijing and can communicate well.

3.2 Overview of hearing loss phenotype in Williams Syndrome

The hearing loss phenotype of WS is summarized in Table 2.
Worldwide, the audiological profiles of hearing loss in WS have
been described previously in the United States, Brazilians, Italians,
and Israelis (Barozzi et al., 2012; Bedeschi et al., 2011; Cherniske
et al,, 2004; Fagundes Silva et al., 2021; Marler et al., 2005; Silva
et al,, 2022). Hearing loss (sensorineural or conductive), which is
progressive and emerges early, was frequently reported to a mild
or moderate degree in subjects with WS. Sensorineural hearing
loss was predominant in at least half of the cases and was positively
associated with age. Conductive hearing loss has been reported in
WS children, with a prevalence higher than that of the general
population (Barozzi et al., 2012). In the present study, we reported
the characteristics and management of hearing loss in Chinese

WS subjects. We found that hearing loss could emerge as early as
infancy, which was not previously reported. We also found sen-
sorineural and conductive hearing loss in WS subjects in our
cohort, but to a more severe degree of hearing loss than published
literature. Furthermore, we tried to improve the quality of life of
these individuals with early diagnosis, proper management, and
regular monitoring.

4 Discussion

Comprehensively, we investigated the characteristics of hearing
loss in Chinese WS children, extending the reported locations of
the previous series on hearing loss in WS by focusing specifically
on subjects from Asia. In addition, we also found that hearing loss
could emerge as early as infancy in WS children in our cohort,
which has not been previously reported. Furthermore, we
demonstrated that young children with WS can return to a typical
or near-normal school experience with early diagnosis, proper
management, and regular monitoring.

In the present study, we comprehensively investigated auditory
impairments in 2 families affected with Williams syndrome in the
Chinese population enrolled in our Newborn Cohort Study of
Hearing Loss (ChiCTR2100049765, https://www.chictr.org.cn/).
In contrast to previous studies (Barozzi et al., 2012; Bedeschi et al,,
2011; Cherniske et al., 2004; Fagundes Silva et al., 2021; Marler
et al, 2005; Silva et al., 2022) that typically evaluated only auditory
assessments, such as otoacoustic emission, tympanogram, and
pure tone audiometric examination, in this study, we analyzed a
battery of audiological tests, including visualreinforcement
audiometry (VRA), conditioned play audiometry (CPA), immit-
tance test, distortion product otoacoustic emission (DPOAE),
auditory brainstem response (ABR), auditory steady-state
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Figure 3 Pedigree and audiological phenotype of Family 2. (A) Pedigree diagrams
of Family 2. Filled symbols for males (squares) and females (circles) represent
affected individuals and empty, unaffected individuals. An arrow denotes the
proband. (B and C) Audiograms of the first and second visit of the proband in
Family 2 (III:1). Symbols “0” and “x” denote air conduction thresholds at different
frequencies in the right and left ear, respectively. Symbols “>” and “<” denote
bone conduction thresholds at different frequencies in the right and left ear,
respectively. dB HL, decibels hearing level; Hz, Hertz. The blue line represents the
left ear results (L), and the red line represents the right ear (R).

response (ASSR), and 40 Hz auditory event-related potential
(40 Hz AERP).

It is essential to combine different audiological measures better
to assess the hearing level of these WS subjects. Thus, the combi-
nation and cross-validation of subjective and objective inspections
were performed to ensure the accuracy and reliability of the audi-
ological results. Finally, we found moderately severe sensorineural
and conductive hearing loss in the WS children in our cohort,
which for the first time demonstrated the hearing loss type and
degree of Chinese WS children.

Regarding the onset age of hearing loss in WS, we found that
the subject with the lowest chronological age (three months)
already presented sensorineural hearing loss. Several studies
addressing WS have reported sensorineural hearing loss involve-
ment that begins in late childhood or early adulthood (Barozzi

Journal of Otology | VOL 20 | January 2025 | 5-11
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et al., 2012; Bedeschi et al., 2011). Our results further confirmed
the early onset of hearing loss in subjects with WS, showing that
hearing loss involvement can emerge during infancy. This WS
child received close medical care since she failed the newborn
hearing screening and was then diagnosed with bilateral sen-
sorineural hearing loss at 3 months of age. Such monitoring care
is critical to identify hearing loss as early as possible in WS sub-
jects, possibly before the onset of severe hearing impairment and
the rise of associated speech and language development disabili-
ties. This cohort of WS subjects extends the reported onset ages of
hearing loss in WS from late childhood or early adulthood to the
infancy period, indicating the importance of clinicians screening
and monitoring the hearing status of individuals with WS as early
as possible.

Current research indicates that with early diagnosis, proper
intervention, and regular monitoring, we tried to improve the
quality of life of these individuals. WS children could return to a
normal or near-normal school experience. According to the clinical
guidelines (Morris and Braddock, 2020; Williams Syndrome
Guideline Development Group, 2017), once a diagnosis of hearing
loss in WS is made, an audiologic assessment should be performed
annually throughout their lives. Their families should be counseled
and well-trained in their children's hearing and speech needs with
WS. Based on the results of these hearing evaluations, proper
interventions should be recommended, including compensation
strategies, amplification systems, and even surgery. This is partic-
ularly important since children with WS have visual-spatial prob-
lems and depend on auditory information for educational and
psychosocial development (Chailangkarn et al., 2016; Miezah
et al, 2021). Even mild hearing loss can have a lasting effect on
children’s language ability, psychosocial development, academic
success, and vocational development (Brodie et al., 2022; Tomblin
et al, 2020; Yeshoda, Raveendran and Konadath, 2020). It is
important to emphasize that WS children could return to a normal
or near-normal school experience under proper medical care and
regular monitoring.

This study also has limitations. First, the sample size needs to be
bigger, which may not adequately capture the diversity within a
certain population. Hence, further investigations involving larger-
scale subjects are required to validate these findings. Besides, this
study was conducted in a Chinese children cohort, and the data
may not yield worldwide generalizability. Therefore, it is essential
to investigate audiological profiles in a multicultural context in the
future.

5 Conclusions

In conclusion, we demonstrated the distinct hearing profile in
Chinese children with Williams syndrome for the first time. We
found that moderately severe sensorineural or conductive hearing
loss emerged as early as infancy in these subjects. Our results
extended the reported onset ages of hearing loss in WS from late
childhood or early adulthood to the infancy period. These data
can be a reference for otolaryngologists and paediatricians to
inform the clinical understanding and management of hearing
loss in Williams syndrome. Early screening and management of
hearing loss is particularly important since children with WS have
visual spatial problems and depend on auditory information for
both educational and psychosocial development. In the future, a
larger prospective investigation would be necessary, in which
young WS individuals are followed longitudinally to understand
better if and to what extent the audiological characteristics of these
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Table 2 A summary of literature showing characteristics of hearing loss in Williams syndrome
Audiologic findings (affected ear)
. Age WS Affected
Populations References Gender HL cases Follow-
(years) cases ears Type Severity Tympanograms OAE HL Criteria Intervention
ups
Yes
3 Present 2 SNHL 4 Moderately 2 As PTA > 20 dB HL
Chinese-1 0-3 2F 2 2 (100%) 2L2R 4 Absent (HA & Yes
study 2 CHL severe 2B (WHO, 2021)
surgery)
20 16 Mild to
. Cherniske SNHL moderate
American-1 30—51 10M10F 20 12(60%) 23 Ears i / / / / /
(2004) 1 CHL 1 Mild
2NA 6 NA
6 Present
i Marler 23 Threshold >
American-2 6-48 15MI12F 27 / / / / 19 Absent / /
(2005) (85.2%) 20 dB HL
2 NA
X Marler 57 Response >
American-3 5-59 37M44F 81 99 Ears / / / / / /
(2010) (70.4%) 20 dB HL
. . 8 Mild Response >
Brazilian-1 Silva (2021) 7-17 10M7F 17 6(35.3%) 4L5R 9 SNHL / / / /
1 Moderate 20 dB HL
Brazilian-2 Silva (2021) 7-17 10M7F 17 0 0 / / / / PTA > 25dB HL / /
15 12 Mild 14 A 16 Present
. . Thresholds >
Brazilian-3 Silva (2022) 7-17 15M7F 22 11(50%) 9L10R SNHL 5 Moderate 3AdorB 9 Absent 20 dB HL / /
4 MHL 2 Severe 2C 19 NA
2 40 Mild 61 A
i
Zarchi 25 SNHL Thresholds > Yes
Israel-1 / / 44 50 Ears 10 Moderate to 20B / /
(2011) (56.8%) 19 MHL 25 dB HL (cn
profound 7C
8 CHL
. 5 SNHL
X Bedeschi i
Italian-1 (2011) 17-39  7M6F 45 8 (17.8%) 8L8R 1 CHL 8 Mild / / / / /
2 MHL
7 SNHL 16 Slight
X i 42 PresentPTA > 15 dB HL
X Barozzi 14 6 CHL 2 Mild 102 A
Italian-2 2—-30 35M34F 69 12L11R 46 Absent VRA > 20 dB / /
(2012) (20.3%) 1 MHL 4 Moderate 32BorC
50 NA HL
9 NA 1 Severe
B . 2 SNHL 33A 15 Present
arozzi
Italian-3 (2013) 5-14 14M10F 24 3(12.5%) 4 1 CHL 4 Slight 10C 14 AbsentPTA > 15 dB HL / Yes
1NA 5As 19 NA
X Paglialonga
Italian-4 (2014) 9-31 9MA4F 13 0 0 / / / / PTA > 15dB HL / /

Abbreviations: M, Male; F, Female; WS, Williams syndrome; HL, hearing loss; R, Right; L, Left; SNHL, sensorineural hearing loss; CHL, conductive hearing loss; MHL,

mixed hearing loss; dB HL, decibels Hearing Level; HA, hearing aid; CI, cochlear implant; OAE, Otoacoustic Emissions; NA, not available.

subjects progressively evolve.
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