
International Journal of 

Case Report
Some Audiologic Characteristics in Individuals with Sotos Syndrome

Atcherson SR1, Lieblong SN2, Nicholson N3 and Schaefer GB4
1Department of Audiology and Speech Pathology and Otolaryngology – Head & Neck Surgery, University of Arkansas 
for Medical Sciences, USA
2Surgical Department - ENT/Audiology, Memphis VAMC, USA
3Department of Audiology, Nova Southeastern University, USA
4Department of Genetics and Pediatrics, University of Arkansas for Medical Sciences, USA

*Corresponding author: Samuel R Atcherson, Department of Audiology and Speech Pathology, University of Arkan-
sas for Medical Sciences, Little Rock, Arkansas, USA. Tel: +1 501-526-4235; E-mail: sratcherson@uams.edu

Received: August 12, 2020                                                                                                      Published: August 25, 2020

Copyright © All rights are reserved by  Megbelayin EO* and Babalola YO

Clinical Studies & Medical  Case Reports
DOI: 10.46998/IJCMCR.2020.03.000074
ISSN 2692-5877

1

Abstract
We conducted an audiological assessment of 27 children and adults with Sotos syndrome in order to provide information 
about this population’s hearing and auditory processing abilities. Otoscopy, tympanometry, audiologic screening, distor-
tion-product otoacoustic emissions (DPOAE) screening, speech-in-noise testing using the QuickSIN (SNR loss), and Dich-
otic Digits Test made up the test battery. Except for a small percentage of cases, otoscopy, tympanometry, and pure tone 
screening results were unremarkable and not unlike the general population. However, adults had large ear canal volumes 
similar to those reported in older adults in the general population. DPOAE screening was attempted with greater than ex-
pected referral rates, most likely due to cooperation issues and noise levels. SNR loss was generally higher (poorer) than 
published norms, and Dichotic Digit test results revealed a slight right ear advantage and an overall depression of scores in 
both ears compared to normative data. Results of the audiologic screenings indicated that the majority of individuals with 
Sotos syndrome do not appear to have hearing sensitivity issues co-occurring with the syndrome. However, QuickSIN and 
Dichotic Digit test results indicate that those with Sotos syndrome may have speech-in-noise and callosal-specific auditory 
transfer issues that together negatively impact complex listening.
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Introduction
Sotos syndrome is an overgrowth syndrome that is character-
ized by excessive physical growth, characteristic facial fea-
tures, developmental delays, and an advanced bone age [1]. The 
etiology of the syndrome in the majority of cases has recently 
been attributed to mutations in the NSD1 (nuclear SET- do-
main 1) gene on chromosome 5 [2]. Those diagnosed with So-
tos syndrome often have mild to severe intellectual disabilities, 
delayed motor skills, and impaired social and cognitive devel-
opment [3]. Speech and language delays and/or disorders have 
also been reported in those diagnosed with Sotos syndrome [4]. 
Advanced bone age and the growth and size is another charac-
teristic among those with Sotos syndrome [5]. There is no stan-
dard course of treatment for Sotos syndrome with the current 
recommendations focusing on treating the symptoms that are 
present. Classic Sotos syndrome occurs in one in every 10,000-
15,000 births, making it a rare syndrome [4]. Due to the vary-
ing symptoms and presenting features, in the past it has been 
common for those with Sotos syndrome to be misdiagnosed 
with other syndromes [4]. Example syndromes that may be 
similar to Sotos include Weaver-Smith, Beckwith-Wiedemann, 
Simpson dysmorphia, and Fragile X. Confirmation of any of 

these syndromes can be obtained through genetic testing.
Currently, there is a paucity of information about auditory func-
tion and auditory processing abilities in individuals with Sotos 
syndrome. In one otolaryngologic study [6], a retrospective 
medical records review yielded seventeen patients between the 
ages of 2 and 19 years diagnosed with Sotos syndrome, five of 
whom had a confirmed NSD1 mutation. Of those confirmed 
with NSD1, four were under routine care of an otolaryngolo-
gist. Two of five presented with high frequency sensorineural 
hearing loss. Another common abnormality reported for those 
with Sotos syndrome involves changes in the midline struc-
tures of the brain [7,8]. Among other abnormalities, those di-
agnosed with Sotos syndrome may have a variety of abnor-
malities of the corpus callosum including hypogenesis of the 
structure. With the “thin” corpus callosum, we hypothesized 
that individuals with Sotos syndrome may have auditory pro-
cessing issues, which contribute to their characteristic social 
and cognitive deficiencies.

Clinical Approach
The annual conference of the Sotos Syndrome Support Asso-
ciation (http://sotossyndrome.org/) made it possible to obtain 
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a convenience sample of children and adults with Sotos syn-
drome from all over the world in a supportive and safe envi-
ronment. The following intake data was collected: date of birth 
(for chronological age calculation); gender; history of hear-
ing device use; history of hyperbilirubinemia, seizures, heart 
defects, and confirmation of genetic testing (i.e., NSD1). Au-
diologic testing included otoscopy, tympanometry, pure tone 
air conduction screening (0.5, 1, 2, and 4 kHz at 20 dB HL), 
and pure tone air conduction threshold testing for those who 
did not pass the hearing screening (0.25, 0.5, 1, 2, 4, and 8 
kHz). For automated distortion-product otoacoustic emission 
(DPOAE) screening, a response of 3 out of 4 DPOAE test fre-
quencies constituted a pass in that ear [9]. Auditory processing 
testing/screening consisted of the speech-in-noise testing us-
ing the QuickSIN (Etymotic Research, Elk Grove Village, IL), 
and Dichotic Digits Test (Auditec, St. Louis, MO). All testing 
was conducted in a two-room suite a conference hotel with ad-
joining rooms. Room noise measurements were conducted and 
were below maximum permissible noise levels (ANSI S3.1-
1999). The test procedures were approved by the University 
of Arkansas for Medical Sciences Institutional Review Board 
(#203107).

Inclusion and Exclusion Criteria
Inclusion criteria were: (a) confirmed diagnosis of classic So-
tos syndrome using the “strict criteria” (see e.g., [3,4,7]); (b) 
if DNA testing had been performed, a confirmatory diagnosis 
via a known NSD1 mutation was present; (c) age 5 years and 
older; and (d) verbal consent/assent and/or have parental con-
sent to participate. Exclusion criteria were: (a) cases without a 
“strict” diagnosis, and (b) cases younger than 5 years of age.

Case Report
A total of 27 cases ranged in age from 5 years 6 months to 
36 years 1 month. The oldest child recruited was 14 years 9 
months and the youngest adult was 18 years 7 months. There 
were 10 male and 17 female cases. None reported previous 
use of hearing devices. Nineteen of 27 participants (70.4%) 
had known history of hyperbilirubinemia as infants, 12 of 
27 (44.4%) had known history of seizures, 12 of 27 (44.4%) 
had known history of heart defects, and 15 of 27 participants 
(55.6%) had confirmed NSD1 mutation. Table 1 provides an 
overview of medical history and other characteristics.

Table 1: Medical history and other characteristics.

Medical History and Other  
Characteristics

Notes

Age 5.6 – 36.1 years
Gender 17 Female; 10 Male
Hearing Aid Use None
Cochlear Implant Use None
Bone Anchored Implant Use None
Hyperbilirubinemia 19 Yes; 6 No; 2 Unknown
Seizures 12 Yes; 12 No; 3 Unknown
Heart Defect 12 Yes; 15 No
NSD1 Mutation 15 Yes; 3 No; 9 Unknown

Of the 54 ears, otoscopy was unremarkable with the exception 
of 4 partially-occluded ear canals and 1 completely occluded 
ear canal. Tympanometry revealed a Type-A configuration for 
49 ears, a Type-B configuration for 3 ears, and a Type-C con-
figuration for 2 ears (N=54). Due to reports of advanced bone 
age and the growth and size in Sotos syndrome (e.g., [5]), static 

admittance (YTM), tympanometric peak pressure (TPP), and ear 
canal volume (ECV) were examined only for Type-A configu-
rations separately for children (n=21) and adults (n=5). Table 2 
shows YTM and ECV data (right and left ears combined) for the 
children and adults compared to published normative data [10].
.For the pure tone screening, 23 cases passed in both ears and 4 

Table 2: Tympanometric results by age for Sotos syndrome 
cases.

YTM ECV

Group Age (years) Mean 90% Range Mean
90% 
Range

Children 5.6-14.9 0.92 0.41-1.84 0.98 0.59-1.58
Adults 18.7-36.1 1.11 0.42-1.49 1.45 0.88-2.09

YTM = compensated static compliance; ECV = ear canal vol-
ume
referred. Pure tone audiometry was completed on 2 cases with 
parental request, and 1 of these 2 had previously confirmed 
hearing loss. Separating pure tone screening by ear, 26 passed 
and 1 referred for the right ear; 23 passed and 4 referred for the 
left ear.  For DPOAE screening results, 10 passed in both ears 
and 7 referred or could not be tested. 

The two remaining speech tests, QuickSIN and Dichotic Dig-
its test, were administered to as many participants who could 
complete the tasks cooperatively. Twenty-two of 27 partici-
pants were able to complete the QuickSIN and 21 of 27 par-
ticipants completed Dichotic Digit testing. The QuickSIN and 
Dichotic Digit scores are shown in Tables 3 and 4, respectively, 
by age group with a side-by-side comparison to published nor-
mative data [11,12]. 
Table 3: Average score results by age for QuickSIN SNR loss 
compared to published norms.

# of Participants Ages Sotos Norm a

n = 1 5 7.5 8.4
n = 1 6 9.5 5.8
n = 1 7 4.5 4.9
n = 1 8 17.5 6.3
n = 4 9 9.5 3.7
n = 2 10 6.0 2.5
n = 3 11 6.5 3.0
n = 0 12 - 2.3
n = 9 >12 5.7 <2.0

a See Killion et al [14] and Holder et al [15].

Discussion
A loss of hearing sensitivity does not seem to be characteristic 
of children and young adults diagnosed with Sotos syndrome, 
and the prevalence of hearing loss in this population is compa-
rable to what is seen in the general population. Although one 

Table 4: Average score results by age on Dichotic Digits test 
compared to published norms.

# of Par-
ticipants

Age 
Range

Sotos 
LE

LE 
Norm

Sotos RE
RE 

Norm
n = 1 7-7.11 65.0% 55% 57.5% 70%
n = 1 8-8.11 27.5% 65% 80% 75%
n = 4 9-9.11 42.5% 75% 61.9% 80%
n = 2 10-10.11 31.3% 78% 86.3% 85%
n = 2 11-11.11 53.8% 88% 87.5% 90%
n = 10 12-adult 76.8% 90% 76.7% 90%

Note: Results for participants under 7 are not reported here.
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might expect that the advanced bone aging characteristic of 
Sotos syndrome might be apparent in associated cartilaginous 
changes in the ear canal resulting in disproportionately higher 
ear canal volumes, this did not prove to the case. Both YTM 
and ECV values in the children with Sotos syndrome tended 
to cluster at the upper limits of normal. Similar to the children, 
both YTM and ECV values in the adults with Sotos syndrome 
also tended to cluster at the upper limits of normal. Interesting-
ly, these 5 adult participants, ages 18.7 to 36.1 years, had ECVs 
much more consistent with older adults in the general popula-
tion (e.g., [5]), which may relate to the observation of advanced 
bone age in individuals with Sotos syndrome. Inconsistent with 
pure tone and tympanometry screening, the DPOAE screening 
resulted in nearly two-thirds (17 out of 27 participants) refer-
ral rate (or could not test) by participant regardless of ear, and 
almost half the referral rate (or could not test) when viewed 
by ear alone. For those ears tested and referred on the DPOAE 
screening, inability to cooperate and/or participant noise lev-
els were the culprit. This is important for future consideration, 
since pure tone screening and tympanometry are likely to be 
more useful with routine screening among this population.

Twenty-two of the 27 participants completed the QuickSIN. 
Four participants were unable to be conditioned to the task and 
one participant was not tested due to the reported hearing loss. 
Individual results from this study suggest that the majority of 
the participants would have trouble understanding speech in 
noisy conditions. Twenty-one of 27 participants completed 
the Dichotic Digit Test. Five participants were unable to be 
conditioned to the task and one participant was excluded from 
testing due to the hearing loss. Dichotic Digit Test results were 
grouped by age and averaged for each group for a comparison 
to normative data. QuickSIN scores across all ages point to 
poorer than normal SNR loss in participants with Sotos syn-
drome [14,15]. For Dichotic Digits, the poorer left than right 
ear scores follows the pattern for normative data, and there is 
an observable overall depression of right and left ear scores 
that persists into adulthood.

Conclusions
Overall, this case series suggests that those who are diagnosed 
with Sotos syndrome have hearing sensitivity consistent with 
the general population. However, those diagnosed with So-
tos syndrome are likely to have some auditory issues related 
to cerebral dysgenesis. Specifically, individuals with Sotos 
syndrome may have some difficulties with complex listening 
situations that persists into adulthood. Information about their 
auditory characteristics provides professionals with baseline 
information for working with individuals diagnosed with this 
condition and a foundation for further exploration regarding 
their auditory processing capabilities.  Due to the varying clini-
cal manifestations that can occur with Sotos syndrome, addi-
tional information about possible audiologic and auditory pro-
cessing characteristics may aid in appropriate service provision 
for those diagnosed with Sotos syndrome.
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