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HEARING  PROBLEM  IN  DOWN SYNDROME

Oto-Audiological Manifestations among Down Syndrome 
Children in Malaysian Tertiary Medical Centre

Nur Izzati Ishak1,2),  Asma Abdullah1),  Noor Dina Hashim1),  Aniza Ismail3),   
Juriza Ismail4)

ABSTRACT
Objective: The objective of this study is to establish the information about hearing loss, and audiological data among chil-

dren with Down syndrome (DS).
Design: This is a cross sectional study of Down Syndrome children in Malaysia Tertiary Centre (UKM Medical Centre) was 

conducted between from January 2017 till January 2018
Materials and method: 67 children with Down Syndrome were enrolled in this study. Interview, clinical examination, of oto-

logical features including pinna and otoscopy, were performed, followed by hearing assessment and audiological profiles such as 
audiometry, brainstem evoked response (BSER) and tympanometry were performed and evaluated. This study had obtained the 
approval from the Malaysian National University (UKM) Ethics and Research Committee.

Result: Majority of children with Down syndrome had the features of low set ears and small pinna, 67% and 73% respec-
tively. Half of them had cerumen obstruction in the ear canal, 80% had intact tympanic membrane. High prevalence of hearing 
loss are documented, 71.6% by subjects and 66.4% by ears tested. Among the subjects with hearing loss, 81% had bilateral 
hearing loss. The most common type is conductive hearing loss, while mild to moderate hearing loss are the commonest degree 
seen. 59% had tympanogram type B suggestive of middle ear effusion.

Conclusion: There is high prevalence of hearing loss in children with DS, with conductive type being commonest, and the 
degree suffered mostly mild and moderate. Therefore diagnosis of hearing impairment and intervention in children with DS 
should be done as earlier as possible.
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INTRODUCTION

Down Syndrome (DS) is a genetic disorder which occurs in 1:600-
700 newborns and is caused by over-expression of chromosome 21, 
whereby it has three copies. Many conditions are associated with DS 
such as metabolic disorders, internal organ abnormalities, intellectual 
disabilities and characteristic phenotype features. Since Down 
Syndrome (DS) is the most common chromosome abnormality in live 
born children thus understanding of the nature and frequency of ear dis-
ease in Down's syndrome is important. Recent study by Roizen et al 
mentioned that otological problems are amongst common medical ill-
nesses suffered by children and teens with Down syndrome (Roizen et 
al. 2014). There were various figures depicting prevalence of hearing 
loss in children and adolescents with Down syndrome ranging from 
35% up to 90% (Harigai 1994; Ogando et al. 2013; Austeng et al. 2013; 
McPherson et al. 2007). McPherson et al conducted a study among 
school children with Down syndrome in Hong Kong revealed 90% of 
the participant had hearing impairment. Another recent study on 2012 
by Affendi et al also reporting almost similar percentage (Affendi et al. 

2012). With regards to type of hearing loss, evaluation of children with 
DS revealed a high prevalence of conductive hearing loss. Balkany et al 
reported 64% of hearing loss in a group of subjects with Down 
Syndrome, in which 83% were conductive. Of the conductive hearing 
loss subject, 60% accounted due to middle ear effusion or tympanic 
membrane perforation, while the other 5 subjects noted to have middle 
ear and ossicular structural abnormalities including fixation and super-
structure deformity of the stapes and also dehiscence of the fallopian 
canal (Balkany et al. 1979). There were multiple factors associated with 
the hearing loss. Kattan et al proposed that this might be attributed to 
Eustachian tube dysfunction and middle ear ciliary malfunction which 
further diagnostic studies need to be carried out (Kattan, Jarrar, and 
Mahasin 2000). 

Early hearing loss has a significant impact on the speech and lan-
guage development of a person with Down syndrome (Laws and Hall). 
Due to its reversible causes, detection and proper management of hear-
ing problem in DS patient should be applied accordingly. Shott et al, 
2001 conducted a 5 year longitudinal study on DS children with regard 
to hearing loss, and had provided meticulous surgical or medical treat-
ment as indicated to those children, reported 98% of children had nor-
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mal hearing after intervention (Shott 2006). Previous author suggested 
that speech and language therapy should be provided when children are 
found to have ongoing hearing loss (Laws and Hall).

METHODOLOGY

This study was conducted from January 2017 till January 2018, at 
Otorhinolaryngology clinic, Child Development Centre (CDC), Hospital 
Canselor Tuanku Muhriz of Universiti Kebangsaan Malaysia Medical 
Centre (UKMMC). This is a cross-sectional study, whereby all patients 
with Down Syndrome age two to 18 years old identified for this study. 
Exclusion criteria included subjects with DS who were diagnosed with 
malignancy or critically ill. All children with DS who fulfilled the study 
criteria then underwent a complete ear examination and proper hearing 
assessment. A structured questionnaire form was administered to care-
taker to obtain demographic data, and information related to otology 
symptoms and findings on clinical examination. Subject or caretakers 
were interviewed for the specific ear symptoms such as ear pain, hear-
ing loss, speech delayed, either reported by subject or observed by care-
takers. Two features of pinna were observed in this study which is pres-
ence of low set pinna and microtia. Ear canal and tympanic membrane 
examination were performed using oto-endoscope (rigid 0 degree 
scope). The hearing assessment was performed depending on the child's 
age and ability to follow instruction using Brainstem Evoked Response 
(BSER), Pure Tone audiometry (PTA), Play audiometry, or Visual 

Reinforcement Audiometry (VRA). To determine the type of hearing 
loss, audiogram of 14 subjects were included to see the air-bone con-
duction gap, which make up to total of 28 ears tested. The average air-
bone conduction gap was calculated for each subject to come out with 
the type of hearing loss suffered by this Down syndrome population. 
The degree of hearing loss was further categorized as normal (< 25 dB), 
mild (26-40 dB), moderate (41-70 dB), severe (71-90 dB) and profound 
(> 90 dB) according to WHO guideline of hearing impairment. The 
average hearing threshold was calculated by averaging the threshold at 
500 Hz, 1 kHz and 2 kHz. Tympanometry study was also performed in 
all patients. It is an essential test for evaluation of middle ear function as 
it determines the point and magnitude of greatest compliance of the 
tympanic membrane. Type A tympanometry indicates normal compli-
ance of tympanic membrane, while type B and C are abnormal tympa-
nogram, which indicates middle ear effusion, and Eustachian tube dys-
function respectively. To determine the ear canal status, whether canal 
stenosis or normal canal size, ECV measurement were used, with the 
normal ECV value 0.6-1.5 ml in children 6 years and above. ECV of 
less than the normal value according to age is considered as canal steno-
sis. The type of hearing loss was categorized into conductive, sensori-
neural or mixed. 

RESULT

Total of 67 subjects with Down syndrome age two to 18 years old 
were recruited from December 2016 till December 2017. Among all 67 
subjects, 58.2% (n = 39) are male and 41.8% (n = 28) are female. And 
according to age, 23 subjects (34.3%) are less than five year old, 28 sub-
jects (37.3%) are between five to 10 year old, while for subject with age 
more than 10 year old, there are 19 subjects, 28.4%. According to ethnic 
distribution, the study showed Malay as predominant (73.1%), followed 
by Chinese (25.4%), and Indian (1.5%). (Table 1)

Only five out of 67 subjects had otorrhoea at the moment of inter-
view. Sixty percent of subjects were observed to have low set pinna. 
Small pinna was observed in 49 subjects (72.8%), while the rest 

Table 1. shows demographic data of subject population
Age  n %

 Less than 5 year 23 34.3

 5-10 years 25 37.3

 11 -18 year 19 28.4

 Total 67 100

Gender  n %

 Male 39 58.2

 Female 28 41.8

 Total 67 100

Ethnicity  n %

 Malay  49 73.1

 Chinese  17 25.4

 Indian  1 1.5

 Total 67 100

Table 2. Otological manifestations (N = 67)
Features Description (Yes or No) n %

Low set pinna (Right ear) No 27 40.3

 Yes 40 59.7

Low set pinna (Left ear) No 27 40.3

 Yes 40 59.7

Microtia (Right ear) No 18 26.9

 Yes 49 73.1

Microtia (Left ear) No 18 26.9

 Yes 49 73.1

Impacted cerumen (Right ear) Partial 21 31.3

 Total 14 20.9

 No 32 47.8

Impacted cerumen (Left ear) Partial 22 32.8

 Total 10 14.9

 No 35 52.2

Tympanic membrane (Right ear) Intact 54 80.6

 Perforated 1 1.5

 Obstructed view 12 17.9

Tympanic membrane (Left ear) Intact 56 83.6

 Perforated 3 4.5

 Obstructed view 8 11.9

Discharge (Right ear) No 62 92.5

 Yes 5 7.5

Discharge (Left ear) No 63 94.0

 Yes 4 6.0

Table 3. Audiological manifestations (Hearing level and hear- 
ing impairment status)

1. Hearing level Level Number of subject %

Right ear Normal 20 29.9

 Mild 21 31.3

 Moderate 21 31.3

 Severe 2 3

 Profound 3 4.5

Left ear Normal 25 37.3

 Mild 20 29.9

 Moderate 19 28.3

 Severe 2 3

 Profound 1 1.5

2.Hearing status Normal hearing Impaired hearing
 Number (%) Number (%) Total

By subject 19(28.4%) 48 (71.6%) 67

By ears 45(33.6%) 89 (66.4%) 134
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(27.2%) had normal pinna. All 67 subjects were examined using oto-en-
doscopy, which makes up to total of 134 ear findings obtained. The 
findings further divided into presence of cerumen impaction in the ear 
canal by the degree of it obstructing view of tympanic membrane, 43 
ears out of 134 had partially occluded cerumen, 24 ears had total 
obstruction of EAC by the cerumen, and 67 ears had no cerumen in the 
ear canal. Tympanic membrane (TM) was also examined to see presence 
of perforation; findings were 110 out of 134 ears had intact TM, 4 ears 
had TM perforation seen, and in 20 of the ears examined it was unable 
to visualise the TM due to significant narrowed ear canal. Ear discharge 
is seen in 9 ears, while the rest 125 ears had no mucoid or mucopurulent 
discharge upon examination.

All 67 subjects underwent hearing assessment, PTA performed in 10 
subjects; VRA in 6 subjects, BSER in 16 subjects, and play audiometry 
performed in 35 subjects. Among all subject, majority 71.6% (n = 58) 
had impaired hearing at least of one side, and 28.4% had normal hearing 
bilaterally. Among those with impaired hearing, 81% are bilateral hear-
ing loss, and 19% are unilateral loss. While in the other hand, 66.4% of 
ears assessed had hearing impairment, and 33.6% assessed ear had nor-
mal hearing level. Out of the impaired hearing subject, most of them 
had mild degree of hearing loss, followed by moderate degree, while 
severe and profound had similar smallest percentage. For hearing loss 
type, only thirteen subjects included for the air-bone gap consideration, 
conductive type of hearing loss are the majority type, (right 84.6%, left: 
69.2%), followed by sensorineural and mixed type (table 4).

Out of the 65 with tympanometry performed (2 subjects were 
excluded due to persistent ear discharge), 130 tympanogram obtained 
for both right and left ears. Amongst the 130 tympanogram, for the right 
side, 24 are type A tympanogram, 32 tympanogram is of type B, and 5 
are type C. While for the left ear, the result are almost similar to the 
right side, with type B is the commonest seen (Table 5). Type A tympa-
nogram indicates normal tympanogram, while type B and type C indi-
cates middle ear effusion and eustachian tube dysfunction respectively. 
For the Estimated Canal Volume (ECV), among all subject (N = 63, 4 
subjects were excluded due to persistent ear discharge, present of grom-
met tube and history of mastoidectomy), 63.5% had canal stenosis on 
the right side and 60.3% on the left side (low ECV according to age).

DISCUSSIONS

Down syndrome is first described by John Landon Down in 1866 as 
phenotypically having dysmorphic facies, further described as flattened 
nasal bridges, median epicanthic folds, widely spaced bilateral eyes, 
antero-posterior flattening of skull vault, orofacial abnormalities and 
generalized hypotonia. Besides dysmorphism features, they are also suf-
fers from multiple medical conditions, since the new-born period until 
adulthood. The most common problems associated during new-born 
period are congenital heart disease such and intestinal abnormalities. 
Around 40-50% of them had congenital heart disease, and 12% had 
increased risk of having gastrointestinal malformations. Other neonatal 
problems include congenital cataracts, hypothyroidism, hip dysplasia 
and leukemoid reaction (Hayes 1993). According to the study conducted 
by Azman BZ et al the incidence of Down syndrome in Malaysia has 
been reported as one in 950 and little variation has been reported among 
the three largest ethnic groups (Malay 1:981, Chinese 1:940, Indians 
1:860)(Azman et al. 2007). Most of Down syndrome subject in our 
study are of Malay ethnicity, followed by Chinese, Indian and others, 

corresponds with the racial distribution in Malaysia ("Department of 
Statistics Malaysia Official Portal" 2018). 

Small size of pinna is among the consistent otologic features report-
ed, whereby values for ear length measurements in younger children 
with Down syndrome are two standard deviations below the norm, and 
the older children are one standard deviations below normal (Aase, 
Wilson, and Smith 1973), consistent with our study. Small pinna may 
associated with limitation in the localization of sound (Kanamori et al. 
2000) thus will give some contribution to the degree of hearing loss. 
Low set ears are also known clinical features of Down syndrome 
(Mazurek et al. 2015). It has been observed among the phenotypes 
found in individual with DS, but objective measurement of such for 
Down syndrome was not widely available. It was found that in this 
study, most of the subjects have feature of low set ears. Regarding other 
features, the diameter of their external ear canal also significantly small-
er (Mazurek et al. 2015), and contributed to canal stenosis. It is among 
the main features observed in Down syndrome, as seen in this studies, 
the prevalence of canal stenosis is more than 60% of the subject. Strome 
et al in 1984 had identified that Down syndrome individuals presented 
up to 40-50% to have stenotic ear canal (STROME 1981). Stenotic ear 
canal may predispose to the incidence of cerumen accumulation that 
might contribute to ear infection, conductive hearing loss, and difficulty 
to examine the tympanic membrane and middle ear status (Shott 2006; 
S Satwant 2002). Together, two otological features smaller size pinna 
and canal stenosis contributed to the increased incidence of hearing loss 
as overalll (Kanamori et al. 2000).

Prevalence of hearing loss in this study is higher than those with 
normal hearing, which is 66.4% by ears, while 71.6% by subjects. It is 
almost consistent with the study conducted by Affendi et al, Mc Pherson 
et al, Shott et al (Affendi et al. 2012; McPherson et al. 2007; Shott, 
Joseph, and Heithaus 2001). Individual with Down syndrome is more 
prone to get to get hearing impairment as compared to normal individu-
als. Mild to moderate degree of hearing loss are the commonest degree 
of hearing loss consistent with past research (Affendi et al. 2012; 
McPherson et al. 2007; Brooks et al. 2008). And in past research, mild 
hearing loss had been shown to affect the child's school progress 
(Affendi et al. 2012). Despite intellectual impairment being the con-
founding factors for speech development, hearing impairment is related 
to difficulties in obtaining language skill in individuals with Down syn-
drome, as it affects comprehension of grammar and vocabulary. 

Among the impaired hearing group, conductive type of hearing loss 
is more common, followed by sensorineural and mixed hearing loss. 
Balkany et al. in his study during 1979, stated that 83% of the subjects 
with DS who had hearing impairment had conductive component or 
abnormal middle ear anomaly (Balkany et al 1979). This could be con-
tributed mainly due to combination of anatomic and functional features 
of Down syndrome. For example in canal stenosis, cerumen clearance is 
impaired, leading to cerumen impaction thus contribute to conductive 
hearing loss. Middle ear effusion is a well-known feature in individuals 
with Down syndrome, contributed by multiple factors, including as a 
result of generalised hypotonia of muscle, including tensor veli palatine 

Table 4. Audiological Manifestations (Type of hearing loss,  
n = 13)

Side Type of hearing loss Number of subjects %

Right side Normal 0 0

 Conductive 11 84.6

 Sensorineural 2 15.5

 Mixed 0 0

Left side Normal 2 15.4

 Conductive 9 69.2

 Sensorineural 1 7.7

 Mixed 1 7.6

Table 5. type of tympanogram and presence of canal stenosis
1.Tympanogram  Number of subjects
  (Total 65, 2 were 
 Type excluded) %

Right Type A 24 36.9

 Type B 39 60

 Type C 2 3.1

Left Type A 24 36.9

 Type B 38 58.5

 Type C 3 4.6

2.Canal stenosis  Number of subjects %
(based on ear canal   (Total 63, 4 were 
volume-ECV) Stenosis (Yes/No) excluded)

Right Yes 23 36.5

 No 40 63.5

Left Yes 25 39.7

 No 38 60.3
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muscle related to Eustachian tube function (S Satwant 2002; Shibahara 
& Sando 1989). Middle ear abnormality such as ossicular fixation, 
residual mesenchymal tissue were also a findings in Down syndrome 
that are among the explanations to conductive hearing loss (Kanamori et 
al. 2000). Apart from that, DS had the features of midface hypoplasia 
with relatively enlarged adenoid and tonsils which leads to abnormal 
Eustachian tube dysfunction in DS children (McPherson et al. 2007).

Besides conductive hearing loss, sensorineural hearing loss in DS is 
also described in previous literatures. Among the cause of sensorineural 
hearing loss in DS included inner ear deformity such as shorter cochle-
ar, and organ of Corti, Mondini cochlear, semicircular canal abnormali-
ties (Blaser et al. 2006; Igarashi et al. 1977). It happens as a result of 
altered gene expression due to triplication of trisomy 21, whereby it 
affects the inner ear embryological development. In this study, small 
percentages of subjects had sensorineural hearing loss, 2 out of 13 ears 
for right side, and 1 out of 13 ears for the left side. In our study, only 13 
subjects were included for consideration of type of hearing loss, as only 
13 subjects had complete assessment of audiometry for both bone and 
air conduction. The rest either underwent BSER, or audiometry without 
bone conduction threshold performed due to various reasons, which 
becomes the limitation in this study.

Tympanometry findings in Down syndrome individual will show 
abnormal tympanogram, usually type B tympanogram. Abnormal tym-
panogram findings were observed in our study, with more than 60% 
type B and type C among all the subjects consistent with previous local 
as well as international study done (Affendi et al. 2012; S Satwant et al 
2002; Marcell 1995; Maurizi et al. 1985). This could be due to presence 
of middle ear effusion, and Eustachian tube dysfunction respectively, as 
mentioned earlier in the discussion, as a result of generalized hypotonia 
that is common in DS children (Schwartz and Schwartz 1978).

As a recommendation, frequent ENT check-up for ear toilet, assess-
ment for otology and if child cannot tolerate it is suggested to be done 
via microscopic examination under anaesthesia. This is to provide better 
care in term of ear canal care, and preservation of good hearing and pre-
vention of ear infection. Therefore is important for primary care provid-
er and other level of health care provider to look into the aspect of otol-
ogy and audiology of children with Down syndrome and appropriate 
referral to otologist of otorhinolaryngology department if necessary. If 
the hearing impairment could be managed properly and early interven-
tion is done, this could improve the hearing as well as the speech, lan-
guage, and social skills. 

With the increment in number of medical technologies and interven-
tion, Down syndrome population are better taken care of, leading to the 
longer lifespan. Malaysia as a developing country should be at par of 
providing best healthcare system, guideline and protocol for Down syn-
drome population. The DS patients should have a comprehensive hear-
ing screening, early intervention with hearing aids, frequent follow up 
for ear toilet and provide an education to parents and caretakers. 

SUMMARY

In this study, among the otological findings in individual with 
Down syndrome are low set ears and small pinna and canal stenosis. 
The prevalence of hearing loss is high among subject with DS which is 
72.5% of subjects, and conductive hearing loss is the most common 
type seen. Tympanogram classifications also revealed more type B, con-
sistent with middle ear problems.
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