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Abstract

Objective. School hearing screening may mitigate the effects
of childhood hearing loss through early identification and
intervention. This study provides an overview of existing
school hearing screening programs around the world, identi-
fies gaps in the literature, and develops priorities for future
research.

Data Sources. A structured search of the PubMed, Embase,
and Cochrane Library databases.

Review Methods. A total of 65 articles were included accord-
ing to predefined inclusion criteria. Parameters of interest
included age groups screened, audiometric protocols, refer-
ral criteria, use of adjunct screening tests, rescreening pro-
cedures, hearing loss prevalence, screening test sensitivity
and specificity, and loss to follow-up.

Conclusions. School hearing screening is mandated in few
regions worldwide, and there is little accountability regard-
ing whether testing is performed. Screening protocols differ
in terms of screening tests included and thresholds used.
The most common protocols included a mix of pure tone
screening (0.5, 1, 2, and 4 kHz), otoscopy, and tympanome-
try. Estimates of region-specific disease prevalence were
methodologically inaccurate, and rescreening was poorly
addressed. Loss to follow-up was also a ubiquitous concern.

Implications for Practice. There is an urgent need for standar-
dized school hearing screening protocol guidelines globally,
which will facilitate more accurate studies of hearing loss
prevalence and determination of screening test sensitivity
and specificity. In turn, these steps will increase the robust-
ness with which we can study the effects of screening and
treatment interventions, and they will support the develop-
ment of guidelines on the screening, diagnostic, and rehabili-
tation services needed to reduce the impact of childhood
hearing loss.
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earing loss represents a growing global health con-
cern. From 2010 to 2013, hearing loss rose from the
13th-leading cause of years lived with disability to
the second-leading cause, with 1.3 billion people affected
worldwide.' Despite this, hearing loss elicits little attention
in comparison with other chronic conditions.* Childhood
hearing loss is associated with speech and language delays,
low literacy, decreased educational attainment, higher likeli-
hood of school dropout, and restricted employment opportu-
nities.” The World Health Organization estimates that 60%
of childhood hearing loss may be preventable.® Connecting
children with timely and appropriate ear and hearing care is
critical and can circumvent long-term sequelae.”® This is
particularly important in low- and middle-income countries,
which bear >80% of the global burden of hearing loss.’
Universal screening for hearing loss in newborns has been
successful and standardized in many high-income countries
around the world, and efforts to expand these programs are
ongoing.'®'? While newborn screening has improved our
ability to identify and treat congenital hearing loss, children

'Division of Otolaryngology—Head and Neck Surgery, Faculty of Medicine,
University of British Columbia, Vancouver, British Columbia, Canada
2Bloomberg School of Public Health, Johns Hopkins University, Baltimore,
Maryland, USA

3School of Medicine, Duke University, Durham, North Carolina, USA
“HEAR Centre, Macquarie University, Sydney, Australia

5Section of Audiology, University of Auckland, Auckland, New Zealand
®Eisdell Moore Centre, University of Auckland, Auckland, New Zealand
"Department of Head and Neck Surgery and Communication Sciences,
School of Medicine, Duke University, Durham, North Carolina, USA

8Duke Global Health Institute, Durham, North Carolina, USA

Center for Health Policy and Inequalities Research, Duke University,
Durham, North Carolina, USA

Corresponding Author:

Susan D. Emmett, MD, MPH, Head and Neck Surgery and Communication
Sciences, Duke University School of Medicine, DUMC Box 3805, Durham,
NC 27710, USA.

Email: susan.emmett@duke.edu

This Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-
3 NonCommercial 4.0 License (http://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction
and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages

(https://us.sagepub.com/en-us/nam/open-access-at-sage).



OTO Open

who may have minimal losses at birth, experience progressive
losses, or develop hearing loss later in childhood—for exam-
ple, from recurrent middle ear disease—often remain uni-
dentified and without care. Regional data from the United
Kingdom illustrate the effect of progressive, late-onset, or
acquired hearing loss by estimating that the adjusted preva-
lence increases from approximately 0.11% in children aged 3
years to 0.21% in children aged 9 to 15 years.'® In their early
years, children are at particularly high risk of developing hear-
ing loss as a result of otitis media, or inflammation in the
middle ear.'*!” Other causes of childhood hearing loss
include infections (eg, meningitis, pertussis), regular exposure
to secondhand smoke or loud noise, ototoxic medications, and
head trauma.'*'® Primary education, which is focused on
establishing fundamental literacy and numeracy skills, is com-
pulsory in almost all countries, making schools a key access
point for integrated health checks such as hearing screening,
which reduces the sociodemographic inequities of access to
health care."’

The World Health Organization and a number of studies
to date suggest that school hearing screening may allow for
timely identification of childhood hearing loss and may be a
cost-effective means of addressing the burden of undiagnosed
hearing loss in school-aged children.'>'®2%>* However, data
on the implementation of school hearing screening programs
are limited. Some countries, such as New Zealand and
Sweden, report established postnewborn hearing screening
programs, but these occur strictly in the preschool age
group.”*** In addition, there has been recent conflicting evi-
dence on the utility of school hearing screening, with a study
in 2016 showing an unfavorable cost-effectiveness analysis
based on data from a single region.'* The applicability of
these findings to other geographic areas is uncertain, and
there is a need for additional high-quality, region-specific data
from other parts of the world. While some regions, such as
the United States and Europe, have proposed standardized
guidelines, most other areas lack data on best practices for
school-based hearing screening.!”° As such, there are no
current international guidelines for school hearing screen-
ing available.

The objective of this review was to characterize current
policies and practices for school hearing screening globally,
examining the effectiveness of existing programs in identifi-
cation, referral, and follow-up. We assessed the shortcom-
ings of current screening protocols, identified gaps in the
evidence supporting school hearing screening, and devel-
oped priorities for future research on this topic.

Methods

Based on preliminary literature searches, it was apparent that
protocols and mandates surrounding school hearing screening
varied widely in regions across the world. Heterogeneous
study designs, lack of methodologic rigor of individual arti-
cles, and an overall thin literature base precluded rigorous
analysis of studies. With the goal of including as many arti-
cles as possible for review, instead of restricting articles due
to exclusions based on methodologic design, we chose to

structure this report as a narrative review. Methodologic ele-
ments of a scoping review, as outlined by the guidelines of
the PRISMA Extension for Scoping Reviews, were neverthe-
less included to enhance rigor and minimize bias.>’

Inclusion Criteria

Studies were included that examined school hearing screen-
ing programs on school-aged children. Inclusion criteria
included hearing screening studies, analyses of currently exist-
ing hearing screening protocols, or outlined guidelines for a
recommended protocol. School hearing screening was defined
as any screening for hearing loss performed from school entry
to postsecondary education. The age range for ““school-aged”
was not defined numerically due to the expected variation in
age at initial school entry among regions.

Exclusion Criteria

Studies were excluded if they encompassed only newborn or
preschool hearing screening programs.

Search Strategy

A structured search was performed through 3 primary data-
bases: PubMed, Embase, and Cochrane Library. The search
strategy used MeSH terms and keywords related to school,
children, and hearing screening (Appendix 1, available
online). Sources of interest included but were not limited to
primary research studies, reviews, meta-analyses, guidelines,
and commentaries. A corresponding gray literature search
was also performed primarily through the Google search
engine and focused on region-specific published protocols,
guidelines, or policies. Both searches were performed by the
first and second authors in collaboration between August
and September 2018.

Data Extraction and Analysis

Parameters of interest for articles reviewed in this report
included age groups screened, audiometric protocols (including
screening frequencies), referral criteria, use of adjunct tests
(otoscopy, tympanometry, otoacoustic emissions [OAEs], other
special tests), presence of a rescreen protocol, estimates of
hearing loss prevalence, sample size of children screened,
screening test performance characteristics (eg, sensitivity and
specificity), and loss to follow-up. These data were tabulated in
comparative tables and analyzed qualitatively.

Discussion

A total of 531 articles were identified after the initial search
of the 3 databases. After title and abstract review to screen
for relevance to school hearing screening, 471 studies were
excluded, and a resultant 60 articles were assigned for full
review. Gray literature search yielded another 5 articles and
reports that were included. The total number of articles
included in the review was 65 (Figure ).

Article Types

There were 44 primary research studies found in the litera-
ture search. These were divided into geographic regions for
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5 additional articles identified

531 articles identified based
on search criteria

through grey literature

sources

536 articles identified

471 articles excluded

review

L based on abstract

65 articles selected for full
article review after abstract

review

65 articles included in review

Figure |. Search strategy according to inclusion criteria from 3 databases: PubMed, Embase, and Cochrane Library.

the purpose of data representation (Supplemental Tables S1-
S6, available online). Other gray literature resources, reports,
and guidelines describing current recommendations and poli-
cies accounted for the remaining 21 articles.

Etiology of Hearing Loss in School Children

The majority of articles focused on 6 main causes of hearing
loss in school-aged children: progressive congenital condi-
tions, otitis media with effusion, drug-related ototoxicity,
infection, cerumen impaction, and noise exposure. There
was concern that children who pass newborn hearing screen-
ing may have undetected progressive hearing loss or can still
develop hearing loss related to congenital causes later in
childhood."*'® In regions without newborn hearing screen-
ing, school hearing screening represented the first point of
access to ear and hearing care. Otitis media with effusion
was a ubiquitous concern, with many studies suggesting that
it was the main cause of conductive hearing loss in younger
children.”***3% In low- and middle-income regions, includ-
ing some parts of sub-Saharan Africa and Asia, bacterial and
viral infections were identified as important etiologies for
permanent hearing loss.!”** Related to this, drug-related oto-
toxicity was reported to be a significant concern, especially
in areas with a high prevalence of infectious diseases
because of the use of systemic ototoxic antibiotics.'”?%27-
Cerumen impaction was also listed as a major contribu-
tor to conductive hearing loss, especially in low- and

middle-income regions.”**%** For example, cerumen impac-
tion was related to 12.6% of all conductive hearing loss in
southern India, and cerumen contributed to hearing loss in
39% of children during screening in Malaysia.>'° Finally,
noise-induced hearing loss was highlighted as a growing
concern in adolescents in all regions worldwide due to the
increasing use of personal sound devices for recreation and
exposure to work-related noise hazards.'’>"2

Screening Mandates

There was a scarcity of guidelines on school hearing screen-
ing globally and inconsistent implementation of the few
guidelines that exist. For example, only 66% of states within
the United States currently carry out any form of school
hearing screening despite national recommendations that
hearing screening take place at regular intervals.*> Hearing
screening is recommended in South Africa, but there are no
available data on the amount of screening that takes place.**
In the United Kingdom, approximately 10% of schools do
not provide school entry screening despite recommenda-
tions.* Other countries had either little or no published data
on current school hearing screening regulations or policies.

Screening Equipment

Most studies used conventional audiometers to perform
screening tests. A select number of studies used mobile
audiometers without sound booths or teleaudiometry (remote
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testing) to perform audiometric screening.'®*****¥ These
studies recommended that these alternative methods can
improve access to hearing screening for underserved areas,
such as rural locations.

The environment in which screening was carried out was
most often a quiet school setting (eg, an empty classroom).
The majority of countries used noise-reducing headphones to
minimize the effects of ambient noise.

Screening Tests

Across all regions worldwide, pure tone screening was con-
sidered an indispensable aspect of school hearing screening
protocols and the gold standard as a confirmatory diagnostic
test for hearing loss. However, the audiometric frequencies
and referral criteria varied widely among studies. Even within
countries such as the United States, protocol frequencies rang-
ing from 0.25 to 8 kHz were noted. The most common tested
frequencies were 0.5, 1, 2, and 4 kHz. Articles that evaluated
hearing loss in older adolescents drew particular attention to
the importance of additional high-frequency testing at 6 and 8
kHz, as these frequencies are most often affected by noise
exposure.”®**4¢ Referral criteria in almost all studies involved
failure to hear at any 1 frequency in either ear, but the thresh-
old limits differed greatly among studies. The most commonly
used threshold was >20 dB HL with headphones, but difficul-
ties with ambient noise even in a quiet school testing environ-
ment caused some authors to choose higher threshold limits,
ranging from 25 to 40 dB HL.

There was variation in the recommended adjunct tests
that should be included in the school hearing screening pro-
tocol, which included otoscopy, tympanometry, and OAEs.
The most commonly used screening protocols incorporated a
combination of otoscopy and tympanometry in addition to
standard use of pure tone screening.

Otoscopy was recommended as an important adjunct test
given its usefulness in detecting obvious outer and middle ear
abnormalities requiring medical follow-up.*'=**" It was a well-
tolerated procedure that was often used prior to audiometric
screening and tympanometry to yield more accurate screening
results. It was also particularly helpful in regions with high pre-
valence of cerumen impaction.*'*°° However, there was little
guidance on who should be performing otoscopic screening.’’
Most studies employed trained students, specialized nurses,
audiologists, or physicians as screeners, limiting the generaliz-
ability of the recommendation in low-resource settings.™*

Tympanometry was recommended as another highly useful
test owing to the importance of evaluating middle ear pathology
such as ofitis media.'®**?*%%6! There was some variability
regarding the decision to include it as a first-line screening test
or to reserve it as a second-line test after initial referred screen-
ing by pure tone screening or OAE testing.'**°%¢" A few
authors recommended either immediately referring abnormal
tympanometry results for medical follow-up or repeating screen-
ing at least 1 month later to check for resolution.'***!

OAEs were recommended to be a part of the routine
school hearing screening battery in a smaller proportion of
studies and guidelines. Current data indicate that OAE
screening is less sensitive and yields a higher number of
false positives than pure tone screening.”® Most authors
found OAEs to be more relevant in situations where children
were unable to follow directions for hearing screening, such
as those who are very young or those with special
needs.'*%% In these cases, OAEs may be useful as first-line
screening tests due to the objective nature of the test.'*

Rescreening

A major area lacking agreement in existing screening proto-
cols was the process of immediately rescreening children
who referred from initial hearing screening. Several authors
have cited that a high false-positive rate among hearing
screening protocols has been a major cost burden associated
with school hearing screening.'®** Immediate rescreening
after an initial referred screen can be used to reduce false
positives, yet the majority of studies did not include rescre-
ening. This is a seemingly simple yet incredibly important
aspect of hearing screening protocols that can have a pro-
found impact on the overall viability of the intervention.

Prevalence and Screening Test Performance
Parameters

One of the most striking findings was the lack of articles esti-
mating the true prevalence of hearing loss among school chil-
dren. Although 17 articles included prevalence estimates,
ranging from 0.9% in Taiwan>> to 34% in Brazil,** many
other articles provided referral percentages of screening tests
in lieu of prevalence.* These studies assumed 100% sensitiv-
ity in their screening protocols and did not include a compari-
son with gold standard pure tone audiometry, meaning that
any estimates on disease prevalence represented screening test
referral percentages rather than true measures of disease pre-
valence. The prevalence estimates that these studies provided
were therefore noted as “‘referral percentages” in the compar-
ison tables (“REF” in Supplemental Tables S1-S6, available
online). The referral percentage among these studies ranged
from 0.16% in China to 15% in Malaysia.**%® The reporting
of referral percentages also made it impossible to interpret
any estimation of sensitivity and specificity as an accurate
measure of the true performance of screening protocols.
Distinguishing between an estimate of true prevalence and the
reporting of a particular protocol’s referral percentage is criti-
cal, as some existing hearing screening protocols have sensi-
tivities as low as 12%.>® This makes them unsuitable to be
used as a viable screening strategy.>*>%®® In addition, there is
some suspicion that the true prevalence of hearing loss among
school children may be higher than current estimates.®®

Challenges of Follow-up

A key issue surrounding school hearing screening was loss
to follow-up for children who were referred. Out of 44
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primary research articles, only 8 reported any data on
follow-up of students after hearing screening referral. These
studies reported follow-up ranging from 10% to 65%.'*!°
Potential reasons cited for poor follow-up included the
inability to contact and notify parents of the screening test
results, the lack of parental awareness of the medical signifi-
cance of hearing loss, the cost of subsequent care, the inabil-
ity of parents to miss work, and geographic barriers.'*>*346°
Letter mail and telephone calls were the favored modes of
communication, but the majority of studies did not document
or recommend guidelines for follow-up.'>'%2%4? Other con-
cerns related to loss to follow-up in low- and middle-income
countries included shortages of specialist care and inade-
quate infrastructure for continued educational support.*
Overall, there was a near-unanimous recommendation that
addressing lost to follow-up is urgently needed to improve
the overall effectiveness of school hearing screening pro-
grams across the world.'®344¢

Limitations

The narrative nature of this review makes it possible that
information and selection bias could be present. To minimize
these sources of bias, close adherence to the guidelines of
the PRISMA Extension for Scoping Reviews was maintained
through use of a predetermined and structured search algo-
rithm of 3 literature databases, as well as a gray literature
search. Additionally, while it is recognized that countries
such as New Zealand and Sweden have robust preschool
hearing screening programs that occur after initial newborn
hearing screening, these programs were excluded from this
review because they fall outside school-aged hearing screen-
ing and thus are beyond the scope of this analysis.***
Finally, articles were not critically appraised and graded for
methodologic design, which could add a potential source of
bias. However, as stated in the methodologic justification,
this specific study design was chosen because of the hetero-
geneity and methodologic inaccuracies among the existing
school screening literature.

Implications for Practice

School hearing screening programs have the potential to
mitigate many of the cascading negative effects of childhood
hearing loss but are currently lacking because of either poor
political and financial commitment or an incorrect assump-
tion that all childhood hearing loss is detected through new-
born hearing screening programs. When school hearing
screening programs are implemented, protocols and practices
are inconsistent, in part, because of the limited number of
regional or country-wide guidelines that exist. There is an
urgent need for further research in this area and the estab-
lishment of globally standardized school hearing screening
protocols, not only to encourage and improve the quality of
early detection and diagnosis of hearing loss through hearing
screening programs, but also to increase comparability
across research studies. Data capture is a fundamental com-
ponent of any screening program for quality assurance and

monitoring and to evaluate its longer-term success in miti-
gating the educational disadvantage that hearing loss can
have within this population.”® Hearing aids and cochlear
implants, as part of an early intervention program, have
proven effectiveness in addressing hearing loss and, when
fitted early, can reduce the economic burden on society.”"
Classroom amplification, FM systems, and other classroom
and listening strategies augmented with parental support are
also core components of an early intervention program for
permanent hearing loss or chronic middle ear disease.

On the basis of the findings in this review—and as a min-
imum starting point—we advocate for the inclusion of pure
tone screening with circumaural headphones at 1, 2, and 4
kHz, with a referral threshold of >20 dB HL at any fre-
quency in either ear. However, determination of the referral
threshold should be considered within the context of avail-
able diagnostic and rehabilitation services, given the
increased false positives associated with a lower referral
threshold. Noise levels should be assessed to ensure that the
screening environments are suitable for testing.’® Screening
with OAEs may be an alternative for children where pure
tone screening is not feasible, but the utility of OAEs for
school screening as a replacement for pure tone screening
needs further research.

Tympanometry with a standard 226-Hz probe tone should
be included where possible, as well as direct otoscopic
examination provided that screening personnel possess an
adequate level of training. Rescreening should be a manda-
tory step that occurs immediately after children do not pass
initial screening. It is important for diagnostic and treatment
services to be available and accessible for children identified
through screening programs. Lastly, a documented follow-up
procedure should exist to ensure that referred children are
reliably connected to diagnostic and treatment services,
thereby reducing eventual losses to follow-up.

The establishment of standardized school hearing screen-
ing guidelines is a critical step for expansion of standardized
school screening programs globally and will facilitate the
performance of higher-quality studies, which are needed to
provide more accurate, region-specific estimates of disease
prevalence. Additionally, standardization will aid in the devel-
opment of protocols that optimize the sensitivity and specifi-
city of screening tests, which could contribute to improved
efficacy of school hearing screening programs globally.
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