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ABSTRACT

Introduction: Children with Down syndrome
have a higher prevalence of hearing disorders,
secondary to anatomical and physiological
variations. No universal hearing screening is
implemented in Colombia, so there are no data
available on the prevalence of hearing loss in
this population. The objective of this study was
to determine the frequency and type of such
disordersin this populationbased onhearing tests.
Patients and methods: This was a cross-sectional
study conducted at two institutions specialized
in accompanying and supporting the families of
children with Down syndrome in Bogotd, D.C.,
Colombia. Between October 2017 and September
2018, abehavioral and / or pure-tone audiometry
and an impedance audiometry were done in 40
and 37 children respectively. Subjects attended
the institutions twice a week and were integrated
at school, up to fifth grade. Prevalence was
estimated and characteristics, clinical history,
and language developmental milestones were
described.

Results: The sample was made up of 40 children
(22 girls)aged 6-18 years (mean: 11.23). A history
of otitis was found in 19 children and of mild
to moderate hearing loss, in 17, predominately
conductive. A delay inlanguage developmental
milestones was observed, apparently not
associated with hearing loss.

Conclusions: A sample of children with Down
syndrome from Bogotd showed ahigh prevalence
of hearing loss, consistent with the results of
previous studies. These data stress the need
for a strict control of hearing status based on
standardized parameters and guidelines.
Keywords: Down syndrome, hearing loss, universal
hearing screening.
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INTRODUCTION

Down syndrome (DS) is the most
common aneuploidy; its prevalence
has been estimated to be 8.3-13.8 per
every 100 000 live births in the United
States.'? Multiple studies have
associated DS with various heart,
hematological, gastrointestinal,
neurological, and ear, nose and
throat (ENT) comorbidities that affect
its morbidity and mortality.>* The
most common ENT comorbidities
include hearing and upper respiratory
disorders and obstructive sleep apnea
syndrome.’

Among hearing disorders,
conductive, sensorineural, and mixed
hearing loss are more common in
children with DS and may be
observed at birth or develop at a later
stage.>” They are associated with
anatomical abnormalities of the ear,
cerumen impaction, otitis media with
effusion (OME) or cholesteatoma.®
Ossicular chain abnormalities and
incudomalleolar joint deformity are
also common.’ Likewise, Eustachian
tube dysfunction has also been
observed, which is the result of
variations in craniofacial structures
and hypotonia.>® In DS patients, the
peak prevalence of OME is more than
60 % at 6-7 years old, greater than
in the general population.’ ' The
presence of OME in children with
DS is related to worse hearing test
results.’” The prevalence of hearing
loss has been established at 35 % in
different populations.'*!*

Hearing disorders in the early
stages of life have a negative impact
on the development of speech and
vocabulary.” In addition, subjects
with DS have a slower language
development and poorer auditory
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memory and grammar comprehension
performance.'®

In our setting, hearing screenings are not
implemented universally and the follow-up
and control of high-risk populations, as is the
case of DS, is not sufficient.'” Therefore, there
is not enough information about the prevalence
of hearing disorders in the population of
schoolchildren with DS.

OBJECTIVE

The objective of this study was to determine
the frequency and type of hearing disorders in a
group of school-aged children with DS.

METHODS

For this cross-sectional study, the eligible
population corresponded to 300 schoolchildren
aged 6-18 years attending therapy sessions at
Corporacién Sindrome de Down and Fundacién
Fe twice a week. The rest of the time, they were
integrated at school (from preschool to fifth
grade). These were public schools located in the
city of Bogotd, where a regulation of the Ministry
of Education has established the integration of
children with different disabilities in regular
schools.

Subjects were recruited between October
2017 and September 2018. For the invitation to
participate in the study, the institutions posted
signs and approached subjects personally.
Interested parents signed a participation form
and gave their informed consent after receiving a
notice by one of the investigators.

Inclusion, exclusion, and removal criteria

All children with DS attending both
institutions were eligible. The only exclusion
criterion was children’s inability to complete
hearing tests due to understanding limitations or
difficulty to follow directions, as reported by their
parents and teachers.

Procedures

Once the informed consent form was signed,
the subjects’ case history was obtained, including
demographic data, medical history and language
development history of interest for this study.
Children had an otoscopy done before hearing
tests to determine their ear canal status and
check for earwax blockage or other conditions
preventing test performance. A sample of 40
children who met the criteria was established.
Those who were not able to complete the tests due

to a temporary disease (respiratory tract infection,
earwax impaction) received follow-up. Children
capable of giving their assent were informed by
the investigator about the study activities and
were assessed once they had agreed to participate.
Three children had not given their assent for the
impedance audiometry, so it was not performed
on them.

The tests were scheduled to take place at
the Foundation “Centro de Investigacion e
Informacion en Deficiencias Auditivas” (CINDA)
at the parents’ convenience. Tests were performed
in a soundproof cabin in the presence of parents
or a guardian, and children were given time
to adapt and learn the task required of them.
Tests included pure-tone, behavioral, and
impedance audiometries and were carried out
by speech therapists experienced in assessing the
pediatric population. The equipment used was a
Starkey AA30 audiometer and an Amplaid A766
impedance audiometer.

Hearing loss was diagnosed based on the
World Health Organization’s classification,!s
defined according to the average thresholds in
the 0.5 kHz, 1 kHz, 2 kHz, and 4 kHz frequencies.
This classification defined an average of 26-40
dB as mild; 41-60 dB, as moderate; 61-80 dB, as
severe; and > 81 dB, as profound.

In the impedance audiometer, curves
were classified as type A, B or C. Type A
tympanograms show a clear peak around
atmospheric pressure and are common in
subjects without hearing disorders. If a type A
curve displays a shallow peak, it is classified
as AS (common in otosclerosis or reduced
compliance). If a type A curve displays a very
sharp peak, it is classified as AD, which is
observed in normal ears or those with flaccid
eardrum or scarring. Type B curves are basically
shallow across the pressure range and are
typical in cases of effusion or fluid in the middle
ear. However, a type B curve could also be
seen in blockage of the ear canal (cerumen). A
type C tympanogram shows a negative peak
pressure below —100 daPa, indicating negative
pressure in the middle ear. This is associated
with Eustachian tube disorders and fluid in the
middle ear.””

Statistical analysis

A sample size of 33 subjects was estimated
considering a prevalence of 35 %, as previously
reported by Austeng, with a 10 % error and a
5% a.?
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The data collected from the case history, the
physical examination, and the hearing tests were
entered into a validated database. Data quality
was checked periodically and five pieces of data
were selected at random. All statistical analyses
were performed using R (v3.4.2) software.?
Continuous variables were described as mean
and standard deviation; discrete variables, as
percentage. A summary audiometry curve was
estimated considering the mean and confidence
interval for each frequency, and the distribution
of language developmental milestones was
described. Based on the 35 % prevalence results
mentioned above," a binomial distribution was
simulated to obtain the 90 % and 50 % quantiles.
These values were used to develop an a priori
beta distribution, updated with the results of this
study to establish a credible interval.

Ethical aspects

The study protocol was approved by the
Research Ethics Committee of Universidad del
Rosario, Bogotd, D.C. In addition, a Specific
Research Agreement was signed to conduct
this study at the participating institutions upon
approval of the final protocol.

FIGURE 1. Flow chart of subjects

RESULTS

Out of the 300 eligible subjects who
regularly attended both institutions, a sample
of 74 interested families was obtained. Some
participants did not attend the hearing tests
or could not be contacted, so the final sample
was made up of 40 subjects (Figure 1). Based on
the information provided by the institutions,
it was established that participants’ age or sex
were consistent with those of non-participating
subjects. Behavioral / pure-tone audiometries
were done in the 40 included children; whereas an
impedance audiometry, in 37 of them. A sample
of 40 children aged 6-18 years was obtained, with
a similar number of males and females (22 girls)
(Table 1).

According to their perinatal history, there
was a high frequency of preterm birth and low
birth weight (Table 2). Twenty-two subjects
required some form of ventilatory support; and
20, phototherapy due to hyperbilirubinemia.

A total of 21 parents did not recall their child
having otitis in the past. In addition, 8 reported
2 or more otitis episodes per year. Information
about ototoxic drug use was unclear. Parents
more commonly reported at least 1 upper
respiratory tract infection episode (n = 30); 11 of
them mentioned > 3 episodes per year (Table 2).

(n = 300)

Invited to participate

Did not reply: 27

Interested parents: 74

A 4

Did not attend the office visit: 3
Other reason: 4

A

Attended the
office visit: 40
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Complete hearing
assessment
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Did not complete
impedance
audiometry (n = 37)
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A significant percentage of children (92.5 %,
n = 37) had attended an audiology visit at
different times while growing up. However, the
type of assessment varied (auditory brainstem
response, impedance audiometry and stapedial
reflexes, and pure-tone or behavioral audiometry)
(Table 3).

The physical examination found cerumen
impaction in 11 children. Recommendations were
made to these children or they were referred to
the Ear, Nose and Throat Department, to enable
subsequent audiological evaluation. No child
showed external otitis signs.

As per hearing tests, the prevalence of any
type of hearing loss was 42.5 % (n = 17). The
prevalence distribution showed a 95 % credible
interval of 27.8-45.3 %. The severity of hearing
loss was mild in 13 subjects and moderate
in 4. Among those for whom it was possible to

TaBLE 1. Sample characteristics (N = 40)

Outcome measure Mean (SD)
% (n)
Age 11.23 (3.21)
Sex (F) 45 (18)
Free trisomy 21 92.5 (37)
Paternal age at birth 38.0 (8.41)
Maternal age at birth 35.2 (5.48)

SD: standard deviation.

TABLE 2. Perinatal and infectious history (N = 40)

Outcome measure Mean (SD)
% (n)

Gestational age 37 (2.56)
Preterm birth 25 (10)
Birth weight (g) 2551 (710)
Low birth weight 32.5(13)
Birth length (cm) 47 (4.84)
Infections during pregnancy 15 (6)
Phototherapy 50 (20)
Ventilatory support requirement 55 (22)
History of ARTI

None 25 (10)

Sporadic 27.5(11)

1-2 times a year 20 (8)

3 or more times a year 27.5(11)
History of otitis

None 52.5 (21)

Sporadic 27.5(11)

1-2 times a year 7.5 (3)

3 or more times a year 12.5 (5)

SD: standard deviation; ARTI: acute respiratory tract infection.

establish the type of hearing loss, 1 subject had
sensorineural hearing loss; 12, conductive hearing
loss; and 1, mixed type.

It was not possible to perform an impedance
audiometry in 3 children because they did not
assent to it. Bilateral type A curves were observed
in 11 subjects. Type B curves were noted in one
ear of 9 subjects; AS curves, in 6; AD curves, in 2;
and C curves, in 5. Four additional curves showed
negative pressure shifts. Among the latter, 2 had
conductive hearing loss.

Figure 2 shows the mean results obtained in
bilateral audiometries, together with their 95 %
confidence interval. Even in the case of bilateral
hearing loss, it was observed to be minimal to
mild, as per the American Speech-Language-
Hearing Association classification (minimal: 16-
25 dB; mild: 26-40 dB).?'Figure 3 shows language
developmental milestones? and their delayed
attainment.

DISCUSSION

The prevalence of hearing loss in this
population was 42.5 %, close to that found in
previous reports of approximately 35 %.>'* If
compared to the overall prevalence of hearing
disorders in Colombia, which is 17.3 %, the
importance of providing special health care
looking for a timely diagnosis is evident.”® The
higher prevalence of hearing loss in DS has
been associated with features typical of this
condition.>* The etiologies described in other
studies showed that up to 75 % of hearing loss
cases are conductive.? Other studies suggested
a high frequency of sensorineural hearing loss
in people with DS, possibly in relation to the
dysplastic characteristics of the inner ear.??
Nonetheless, in this study, only 1 subject had an
audiometry result consistent with sensorineural
hearing loss.

TaBLE 3. Prior hearing tests (N = 40)

Test % (n)
None 7.5 (3)
Only behavioral/

pure-tone audiometry 32.5(13)

Auditory brainstem response 17.5(7)
Behavioral / pure-tone audiometry

+ impedance audiometry 12.5 (5)
Behavioral/ pure-tone audiometry

+ auditory brainstem response 15 (6)
All 15 (6)
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The results of the impedance audiometry
showed a high prevalence of type B and C curves.
Previous studies had shown this sort of tendency
and related it to the characteristics of children
with DS, such as Eustachian tube dysfunction,
ossicular chain abnormalities, and other middle
ear alterations.” Although type B curves were
common, no clinical finding was indicative
of acute otitis media (AOM), OME or other

FIGURE 2. Audiometry results (N = 40)

abnormality. These findings emphasized that
structural alterations in the DS spectrum act as
risk factors for conditions with a negative impact
on hearing.

Children with DS have language
development problems that may be related to
hearing disorders.'**® Chapman et al., suggested
that these children have more language
comprehension and auditory memory deficits

Intensity (dB)

Frequency (Hz)

Mean and 95 % confidence interval values (gray area) for each ear.

FiGure 3. Distribution of age at the time subjects reached language developmental milestones (N = 40)

10 15

Age in years

The age at the time of attainment of milestones in the standard population is shown as a black square. Being alert to sounds is
expected at birth; babbling, at 3 months old; uttering the first word and recognizing their own name, at 1 year old; combining two

words, at 18 months old; and forming phrases, at 3 years old.*
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compared to the control group.?

Audiometry results did not show an association
with the age at the time subjects reached language
milestones. According to the bibliography, children
with DS show major language deficits, particularly
in expressive vocabulary, grammar, and short-term
verbal memory.” However, current data are not
enough to establish an association between hearing
loss and this kind of finding. Although some studies
suggested a relation between early hearing loss
and language development disorders in DS, in
our sample, hearing loss was minimal to mild and
would not account for a language developmental
delay.

A relevant frequency of medical and perinatal
history was observed in this population. Recurrent
AOM events during childhood and gestational
infections have been associated with a higher
incidence of hearing loss."® This study supports the
evidence on the high prevalence of ENT disorders
in subjects with DS who have a frequent history of
OME, AOM, earwax impaction, among others.5*03!

Prior hearing test results varied greatly,
which indicated that a protocol similar to that
recommended by the Joint Committee on Infant
Hearing® or the American Academy of Pediatrics®
had not been followed. However, 92.5 % of children
had at least one hearing test done, which served
as guidance for treatment and management. This
suggests that, although recommendations are not
followed extensively, an effort has been made to
detect hearing loss in this population in an early
manner.

Study limitations

This was a descriptive, cross-sectional
study, so it was possible to characterize the
population but not to estimate the association
among different outcome measures or provide
follow-up over time. Although a large part of the
population who was invited to participate was
not recruited, no differences were observed in
terms of the general characteristics of the study
sample. However, we cannot rule out the fact that
the sample was self-selected due to the interest
of parents secondary to a greater or smaller
perception of symptoms.

The population was obtained from two
institutions for children with DS, so it may have
certain special characteristics not present in the
general population. Nonetheless, both institutions
were referral facilities, making them interesting
for an approach to the general population and
paving the way for future studies.

Given that the information about children’s
development and history was not obtained from
formal sources, it may include a recall bias. Such
effect may be more significant in older children.

CONCLUSIONS

In this sample of schoolchildren with DS,
the prevalence of hearing loss was 42.5 %,
predominately, minimal to mild conductive
hearing loss. Based on the severity of hearing
loss observed, the delay in communication skills
does not appear to be related to it and may
be attributed to cognitive and developmental
characteristics of children with DS. The high
prevalence of conductive hearing loss underpins
the need for control and follow-up in this
population. Follow-up should adhere to the
recommendations of international organizations
and encourage parental compliance. B
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