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Key points

* Understanding the risk of hearing loss

in socio-economically disadvantaged
children can enable earlier, targeted and
more effective care

A retrospective study of school children
from at-risk populations found that

higher risks of middle ear dysfunction
were associated with younger age and
seasonal variation

Targeted screening programs can identify
hearing loss during critical learning years,
mitigating longer-term educational, social
and mental health outcomes

Abstract

Objectives and importance of study: The consequences of sensorineural
hearing loss in young children include poor speech and language
development, poor educational outcomes,and delayed socio-emotional
development. For children who face socio-economic disadvantage, middle
ear disease is more prevalent, access to primary health care is more difficult,
and psychosocial and education supports are limited. Because of this, the
consequences may be amplified. Understanding the risks associated with
hearing loss and middle ear dysfunction in underserved populations can
enable an earlier, more targeted and cost-effective approach to identifying
those with hearing loss and effectively connecting them to systems of care.

Study type: Retrospective study.

Method: This study describes the outcomes of an ear and hearing screening
program for children from lower socio-economic backgrounds (n = 2489;
mean age 11.0 years, standard deviation 1.74 years) in New South Wales
(NSW), Australia, between 2013 and 2016. Screening was conducted

in a quiet room, and the test protocol included otoscopy, 226 Hertz (Hz)
tympanometry, and pure tone screening at octave frequencies from 500 Hz
to 4000 Hz with a referral criterion of 20 decibels hearing level (dB HL) at
any one frequency. Outcomes were categorised into 1) pass; 2) middle ear
dysfunction only; and 3) did not pass hearing screen (with or without middle
ear dysfunction). Multinomial logistic regression was used to investigate risk
factors for hearing loss and middle ear dysfunction. The factors examined
were age, gender, socio-educational advantage, quarter of year assessed,
non-English speaking background (NESB), Aboriginal status and region.

Results: Higher risks of middle ear dysfunction were associated with younger
age and seasonal variation, with higher risk in winter and spring months
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e Stronger partnerships across health and
education can support children with
hearing loss and those at risk of hearing

(July-September and October-December, compared with January-March).
There were no differences between those from NESB and those with English
as a first language, between the Aboriginal population and non-Aboriginal

loss population, or between those who resided within or outside a major city.

Conclusion: More than one in 10 school-age children from lower socio-
economic backgrounds experience hearing loss (11.5%). Targeted ear and
hearing screening programs offer an opportunity to identify hearing loss
during critical learning years and seasons, mitigating longer-term effects on
education, and social and mental health.

Introduction

Throughout a child’s early years, undetected hearing loss
during the critical period of neurocognitive development
can have significant consequences for their speech and
language development, educational achievement, and
neurocognitive and social-emotional growth.'?

Newborn hearing screening programs can reduce the
burden of congenital hearing loss on the individual and
society by mitigating many downstream effects.* However,
approximately half of childhood hearing loss remains
undetected by such programs®, either because of the
insensitivity of the test in detecting milder forms of hearing
loss or because of progressive or infection-related
hearing loss. Australian data showing the age of first
hearing aid fitting of children with permanent hearing loss
(who are eligible for fully subsidised hearing services until
the age of 26 years) support this. Two predominant peaks
can be seen: 1) within the first year of life, attributed to the
success of newborn hearing screening; and 2) a broader
peak observed across the early educational years (see
Figure 1; data shown for 20208).

A recent systematic review estimated that 3.4-12.8%
of Australian primary school children have hearing loss

Figure 1.
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of some degree — substantially higher than the rate in
other high-income countries’; most of which is conductive
hearing loss. These figures may be influenced by high
rates of otitis media (OM) observed in populations in
Australia with limited access to healthcare — including
Aboriginal and Torres Strait Islander children (herein
referred to as Aboriginal). A retrospective study of ear
and hearing screening data conducted between 1998
and 2004 in three primary schools in Western Australia
showed that up to 42% of Aboriginal children living in
urban areas had middle ear disease, and 19.1% of
all children exhibited hearing loss®, more than double
the rate in the non-Indigenous population.® Prevalence
risk of middle ear disease and hearing loss typically
increases with remoteness. However, a comparative
study of 408 urban and 438 regional Aboriginal primary
school children (aged 3-15 years) from Western Australia
showed evidence of OM in 30.7% of the urban cohort and
15.5% of the regional cohort.'® Other studies have shown
that up to 91% of Aboriginal children living in very remote
areas have a middle ear abnormality.™

The recently launched World Health Organization
World Report on Hearing'? recommends that all countries
implement school screening programs to ensure

Number of Australians with permanent hearing loss aged 0-25 years first fitted with hearing aids, 2020
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early detection of ear disease and hearing loss. The
current absence of these programs can be attributed
to the costs associated with administering screening
programs and the relative perceived benefit of newborn
hearing screening programs already in place in many
high-income countries.™ ' Universal preschool or
school-based hearing screening programs may not be
economically viable and may be logistically burdensome
in high-income countries such as Australia.'>However,
targeted screening of populations with lower levels of
socio-economic advantage may provide a more cost-
effective approach to identifying hearing loss and middle
ear dysfunction where the risks of these conditions
are high.'® Certainly, there is an unequal burden of ear
disease and hearing loss in children from lower socio-
economic settings.'” The combination of increased
prevalence and increased cumulative duration of living
with middle ear disease is likely to pose significant risks
for educational outcomes. For example, Aboriginal
children up to 14 years of age experience cumulative
middle ear disease for approximately 2 years across their
lifetime, compared with approximately 2 months for non-
Indigenous children.®

Australian Bureau of Statistics data'® show that, in
2018, Aboriginal children made up 5.9% of the total child
population (0-14 years) and about 1 in 5 of all children
lived in the lowest socio-economic areas (in 2017).
Targeted solutions can alleviate the social and economic
burden for individuals, their families and society. This
retrospective study aimed to determine the risk of middle
ear dysfunction, and not passing a hearing screening
test, in 2489 school-age children attending a charity-
based program providing health and wellbeing services
for underserved populations.

Method

Participants

The retrospective study included consecutive hearing and
middle ear screening data from children who attended

a 12-day on-site, away-from-home educational program
delivered by a charity-based organisation in a central
location in Greater Sydney, New South Wales (NSW),
Australia, between January 2013 and December 2016.
Children from lower socio-economic backgrounds were
selected by their school to participate in the program,
which was designed to develop social and emotional
skills, build self-esteem and improve overall wellbeing.
Children were provided with dental, optical, hearing

and medical screening and treatment during their stay.
All demographic information was extracted from an
electronic database located on-site, and the data are
from children who attended hearing screening only once.
Demographic information — that is, age, sex, Aboriginal
status, non-English speaking background (NESB),
ICSEA (a measure of socio-educational advantage)'® and

quarter of the year in which they were tested — is shown in
Table 1.

Referral pathways

Referrals for health checks were managed centrally

by the charity-based organisation to ensure that all
results where a child did not pass were integrated into
a single referral before they were sent to the child’s
general practitioner (GP), family and/or other health
providers. Referral pathways for hearing and middle
ear checks were as follows: 1) children with middle ear
dysfunction who did not pass the hearing screen were
directly referred to their GP and advised to have a full
audiological assessment after medical review of middle
ear function; 2) children with normal middle ear function
who did not pass the hearing screen were directly
referred to Hearing Australia (an Australian Government
hearing services agency for people with permanent
hearing loss from 0-26 years of age); and 3) children with
middle ear dysfunction who passed the hearing screen
were provided with a letter to their GP requesting a
medical review of middle ear function.

Study design

Audiometric screenings were administered by
postgraduate audiology students under the direct
supervision of a professionally accredited audiologist.
Screenings were conducted in two quiet rooms within
the centre, and noise levels were recorded daily using

a sound level meter; levels were consistently lower

than the maximum sound pressure levels allowable for
background noise in audiometric rooms. A Hiene Mini
3000 Otoscope and an Interacoustics Titan Middle

Ear Analyzer Tympanometer were used to conduct
otoscopy and tympanometry. An Interacoustics AD629E
audiometer and passive attenuating Sennheiser HDA200
headphones were used for audiometry. Results for
otoscopy were qualitatively recorded. The normative
values used for tympanometry were adapted from Jerger
classification guidelines for adults — that is, ear canal
volume of 0.5-2 cm®, static compliance 0.2-1.8 cm?

and middle ear pressure > —150 daPa (decapascals).

A screening level of 20 decibels hearing level (dB HL)
was selected for audiometry, and the tested frequencies
were 500, 1000, 2000 and 4000 hertz (Hz). Each child
was presented with an initial 60 dB HL tone followed by a
40 dB HL presentation and three consecutive 20 dB HL
presentations at each frequency in each ear. A pass
was defined when the child responded correctly to

two of the three presentations at 20 dB HL at all tested
frequencies, in both ears. If the child failed to respond to
the two screening presentations at any frequency, their
threshold was determined using the standard Hughson—
Westlake technique. Children were deemed to have
failed screening audiometry if their threshold exceeded
20 dB HL at any frequency, in either ear.
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Table 1. Participant characteristics and outcomes (/N = 2489)

Characteristic Pass Risk of hearing loss Middle ear dysfunction Total
n (%) n (%) n (%)
Age (years)
5-9 384 (56.2) 84 (12.3) 215(31.5) 683
10-14 1077 (60.8) 197 (11.1) 497 (28.1) 1771
15-18 24 (68.6) 4(11.4) 7(20.0) 35
Total 1485 (59.7) 285 (11.5) 719 (28.9) 2489
Sex
Male 711(59.2) 137 (11.4) 353 (29.4) 1201
Female 773 (60.1) 148 (11.5) 366 (28.4) 1287
Total 1484 285 719 2488
Missing 1 1
ICSEA (25th percentiles)
1(1007-1193) (highest) 306 (57.7) 66 (12.5) 158 (29.8) 530
2 (958-1006) 322 (59.9) 59 (11.0) 157 (29.2) 538
3(910-957) 326 (62.0) 57 (10.8) 143 (27.2) 526
4 (582-909) (lowest) 324 (59.1) 56 (10.2) 168 (30.7) 548
Total 1278 238 626 2142
Missing 207 47 93 347
Aboriginal and Torres Strait Islander
Yes 394 (57.9) 83 (12.2) 203 (29.9) 680
No 1091 (60.3) 202 (11.2) 516 (28.5) 1809
Total 1485 285 719 2489
Non-English speaking background
Yes 142 (63.1) 24 (10.7) 59 (26.2) 225
No 1343 (59.3) 261 (11.5) 660 (29.2) 2264
Total 1485 285 719 2489
Region
Major city 838 (58.1) 170 (11.8) 435 (30.1) 1443
Outside major city 645 (61.8) 115 (11.0) 284 (27.2) 1044
Total 1483 285 719 2487
Missing 2 2
Time tested
Jan-Mar 251 (64.0) 40 (10.2) 101 (25.8) 392
Apr-Jun 419 (62.0) 74 (10.9) 183 (27.1) 676
Jul-Sep 509 (57.2) 104 (11.7) 277 (31.1) 890
Oct-Dec 306 (57.6) 67 (12.6) 158 (29.8) 531
Total 1485 285 719 2489
Total 1485 (59.7) 285 (11.5) 719 (28.9) 2489

ICSEA = Index of Community Socio-Educational Advan‘[age19
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Statistical analysis

Frequencies, means and proportions were calculated

to ascertain the characteristics of the study sample.
Multinomial logistic regression was used to investigate
risk factors for two ear conditions: hearing loss and
middle ear disease. One outcome variable with three
levels was used in the analysis. The levels were ‘passed’
and hearing loss or middle ear dysfunction, with
‘passed’ being the reference category. The predictor
variables were entered in one step, with continuous
variables entered as factors and categorical variables as
covariates. Odds ratios (ORs), 95% confidence intervals
and p values were calculated for each predictor variable.
All statistical tests were two tailed, with alpha = 0.05.
Statistical analyses were performed using IBM SPSS
Version 26 (IBM Corporation, Armonk, New York).

Ethics approval

Parental consent was obtained for all children to
complete hearing screening as part of a general health
check. Because of the retrospective analysis, direct
parental consent for children to participate in this study
was waived, and the project was approved by the
Macquarie University Human Research Ethics Committee
(#5201700248).

Results

Participants comprised 2489 children (51.7% female)
aged 5.5-17.4 years (mean age 11.0 years, standard
deviation [SD] 1.74). Of these, 27.3% identified as
Aboriginal, and 9% were from NESB. When reported,
participants were generally from below-average socio-
educational advantage schools (there were 347 missing
values). Median ICSEA value was 957.0 (SD 81.9); 50%
of the schools that children attended had ICSEA values
in the range 528-957. ICSEA values are calculated on
a scale that has a median of 1000 and an SD of 100.
ICSEA values typically range from approximately 500
(representing extremely educationally disadvantaged
backgrounds) to about 1300 (representing schools

with students with very educationally advantaged
backgrounds).’ Approximately 58% of children were
from a major city. Similar numbers of children were
tested during three of the quarters of the year; a higher
proportion was tested between July and September
(35.8%).

Of the 2489 children tested, more than 40% (n = 1004)
did not pass the hearing screening assessment.
Participants were grouped into three subcategories
based on their results: 1) pass; 2) did not pass hearing
screen with or without middle ear dysfunction; and
3) current middle ear dysfunction alone. Overall,

285 children (11.5%) did not pass the hearing screen,
and 719 (28.9%) presented with middle ear dysfunction
alone. In the multinomial logistic regression model

(Table 2), significant seasonal differences were found
between the July-September quarter and January-March
quarter for the likelihood of failing hearing screening when
tested (OR 1.96, 1 df; 95% confidence interval [CI] 1.17,
3.4; p = 0.02), and between the October-December and
January—March quarters (OR 2.08, 1 df; 95% CI 1.16,

3.7; p = 0.01). Significant seasonal differences were

also found in the likelihood of being diagnosed with
middle ear dysfunction in July-September compared

with in January—March (OR 1.49, 1 df; 95% CI 1.05, 2.1;

p = 0.02). Further, children with middle ear dysfunction
were younger (around 0.9 years) than those who passed
the hearing test (age in years: OR 0.91, 1 df; 95% CI 0.85,
0.96; p = 0.001). Multicollinearity was tested for, and no
multicollinear relationships were found in independent
variable pairs.

No significant differences were found in either middle
ear dysfunction or not passing the hearing screen for
those living within or outside major cities, identifying as
Aboriginal, from NESB, for school ICSEA value, or for sex
for either middle ear dysfunction or hearing loss.

Discussion

To better understand the factors associated with risk
of failing an ear and hearing screening program, we
assessed 2489 children as part of an integrated health
check for children from underserved populations. The
results suggest that middle ear dysfunction is more likely
to occur in younger children and that there is seasonal
variation, with a higher risk of failing hearing screening
and having middle ear dysfunction in the later quarters of
the year (July-September [winter—spring] and October—
December [spring—summer]). This has implications
for targeting resources for ear and hearing screening
to maximise opportunities to address ear disease
and hearing loss as soon as possible, particularly in
populations with lower socio-economic advantage.
Although relatively few studies have assessed
outcomes of school ear and hearing screening programs
in Australia compared with other high-income countries,
results of the current study are in line with three other
Australian studies (discussed in a systematic review).”
Minor differences between the studies in the pass/
fail rates of hearing screening (with 11.5% not passing
the hearing screen in the current study) are likely to be
attributable to differing screening test levels, with failure
rates decreasing with an increase in threshold levels
(dB HL) used to define the pass/fail criteria for referral
for hearing loss. Similarly, differences in rates of middle
ear dysfunction between the current study (28.9%) and
those conducted previously in Australia (17.9%% and
18.5%2") are the result of different normative values for
middle ear pressure. It is difficult to compare estimates
of the prevalence of hearing loss in school-age children
because test protocols, diagnostic criteria, and age range
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Table 2. Multinomial logistic regression model predicting hearing test outcomes®

Outcome® Variables in model Odds ratio 95% ClI p value
Hearing test not passed Age (in years) 0.94 0.87,1.023 0.15
ICSEA™ 1.001 0.99, 1.003 0.45
Time of year of test
- January-March Ref
- April-June 1.59, 1 df 0.88,2.9 0.13
- July-September 1.96, 1 df 1.17,3.43 0.02
- October-December 2.08, 1 df 1.16,3.7 0.01
Male Ref
Female 0.89, 1 df 0.67,1.2 0.39
Aboriginal and Torres Strait Islander Ref
Non-Aboriginal and Torres Strait Islander 0.99, 1 df 0.72,1.37 0.95
Place of residence
- Outside major city Ref
- Major city 1.009, 1 dof 0.73,1.39 0.96
NESB
- Yes Ref
-No 0.84, 1 df 0.51,1.38 0.49
Middle ear dysfunction Age (in years) 0.91, 1 df 0.85, 0.96 0.001
ICSEA 1.0, 1 df 0.99, 1.001 0.29
Time of year of test
- January-March Ref
- April-June 1.25, 1 df 0.86, 1.81 0.25
- July-September 1.49, 1 df 1.05,2.12 0.02
- October-December 1.41, 1 df 0.98, 2.04 0.06
Male Ref
Female 0.91, 1 df 0.75, 1.1 0.31
Aboriginal and Torres Strait Islander Ref
Non-Aboriginal and Torres Strait Islander 1.03, 1 df 0.83,1.3 0.77
Place of residence
- Outside major city Ref
- Major city 1.15, 1 df 0.91, 1.43 0.24
NESB
- Yes Ref
-No 0.76, 1 df 0.54,1.07 0.12

Cl = confidence interval; ICSEA = Index of Community Socio-Educational Advantage; NESB = non-English—-speaking background; Ref =

reference group

@ The overall model was statistically significant, indicating that the model predicted the outcome better than chance (y? = 32.96, 18 df;

p =0.017).

® Reference group for model is ‘passed test’ (i.e. not referred for hearing loss or middle ear disease).
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of those tested vary across studies; however, similar
estimates have been observed elsewhere. For example,
cross-sectional population-based findings from the
2012-2013 Canadian Health Measures Survey (n = 2434
after exclusions; age range 6-19 years) showed that 7.7%
had any hearing loss.? A systematic review of children
(age range 3-19 years) with hearing loss >25 dB HL
from the US showed that the average prevalence of any
hearing loss was 3.1%, ranging from 1.7% to 5.5%%,

with increasing prevalence for lower-income households.
A cross-sectional survey of primary school students in
Zimbabwe (age unspecified) with screening thresholds of
>30 dB HL showed a prevalence rate of 2.4% (95%

Cl 2.0, 2.8), with sensorineural hearing loss found in 1.0%
of children.2*

In this study, age was a significant predictor for the
middle ear dysfunction group; lower rates of middle ear
dysfunction were seen with increasing age, consistent
with previous studies.”22 This may be a function of the
downwards shift in the orientation of the eustachian tube
with age, which increases the efficiency of drainage
of the middle ear. For example, a study conducted in
Iran compared conductive hearing loss rates in school
children in grades 1-5, and the results revealed a
decrease in rates with an increase in grade level.?® On the
other hand, in the current study, age was not a predictor
for hearing loss. A similar finding was demonstrated
in a population of school-age children in the Solomon
Islands?, although other studies have found an
association between younger age and hearing loss.>?’

Seasonal differences in middle ear disease are
consistent with previous studies, which have revealed
higher rates of middle ear dysfunction in winter and
spring months.?” Higher rates of OM have been identified
in winter because of the association with colds and other
respiratory infections, and higher rates of OM, abnormal
middle ear pressure and eustachian tube dysfunction
have been identified in spring because of the increase
in hayfever and pneumonia cases.? It is important to
note that there was no difference in risk between those
who self-identified as Aboriginal and non-Aboriginal
children. The risk of middle ear disease is associated with
social determinants of health, and is therefore higher in
Indigenous children, refugees, children in remote areas
and those in low-income countries.™!” Within Australia,
region (major city versus elsewhere) was not identified
as a predictor for either hearing loss or middle ear
dysfunction. However, the assessment of remoteness
was broadly categorised and based on schools’ locations
rather than the location of the children’s homes, which
is a limitation of the current study. Further limitations
include the lack of information about other exposure
factors for children, such as exposure to cigarette smoke
and overcrowding that may be associated with higher
rates of middle ear disease and hearing loss.?® Although
ICSEA data was missing for 347 of 2489 participants, the
very tight confidence intervals suggests that this would
probably not significantly affect the outcomes.

Conclusions

OM and hearing loss are more prevalent in populations
with lower levels of social and economic advantage,
including those living in rural or remote areas, First
Nations populations, and low-income households.!
Even mild hearing loss, often not detected by parents
but the most common hearing loss resulting from OM=,
is associated with educational risk.2" Coupled with
other risks of poorer educational outcomes in these
populations, OM increases the likelihood of reduced early
educational outcomes.® The impact of the coronavirus
disease 2019 (COVID-19) pandemic in disrupting
classroom learning may widen the gap in the future.
School hearing screening programs can effectively
identify those with middle ear disease and hearing
loss early, although the cost-effectiveness of rolling out
such programs across a population remains debated
and poorly understood.®® Nonetheless, targeting
opportunities for middle ear and hearing screening based
on the increased educational risks of an individual, or
a population attending a school in an area at increased
risk of educational disadvantage, could reduce the costs
of implementing screening programs. Programs could
be provided for children in the early years of schooling
(<5 years of age), such as preschool or the beginning
of primary school. Targeted screening programs could
be further improved by giving teachers information
about how to detect a child at risk and when the risk of
middle ear disease and hearing loss is greatest, enabling
greater opportunities for putting in place surveillance and
educational supports.
For screening or surveillance programs to be effective,
a robust pathway to care must exist so that children
who are detected with ear and hearing problems have
an accessible pathway to treatment and the necessary
support. Strengthened partnerships across health
and education are important to support a child with
hearing loss or at risk of hearing loss from middle ear
disease. Schools can optimise a child’s access to
learning with cost-effective supports, including priority
seating at the front of the classroom, behavioural
management strategies to reduce classroom noise, and
classroom amplification systems. Scaffolding childhood
development in the early years provides significant
benefits to the individual, the family and society.
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