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Abstract

Background: This study aimed to assess the quality of global guidelines or consensus statements for newborn and
childhood hearing screening, as well as to compare various guidelines between other countries and China.

Methods: A PROSPERO registered systematic review (number CRD42021242198) was conducted. Multiple electronic
databases and government websites including PubMed, EMBASE, Web of Science, CENTRAL, Cochrane Library, and
BMJ Best Practice were searched from inception until May 2021. The latest national and international guidelines, con-
sensus statements, technical specifications, and recommendations regarding newborn or childhood hearing screen-
ing that were published in Chinese or English medical journals or elsewhere with the full version available online.

The following information was extracted independently by two reviewers for comparative analysis: titles, authors,
publication year, country, the source organization, and main key recommendations using systems for assigning the
level of evidence and strength of recommendations. The quality of the guidelines was assessed by three independent
reviewers using the Appraisal of Guidelines for Research and Evaluation, 2nd edition. Intraclass correlation coefficients
(ICCs) were calculated to assess among-reviewer agreement.

Results: We assessed 15 newborn and 6 childhood hearing screening guidelines, respectively. Most newborn
guidelines recommend the 1-3-6 guidelines and pre-discharge screening; however, the specific screening times
differ. 93.33% of newborn hearing guidelines recommend “primary screening-re-screening-diagnosis-intervention”
for well-babies while 73.33% of the guidelines recommend "initial screening-diagnosis-intervention” for newborns in
neonatal intensive care unit (NICU); 33.33% of the newborn hearing guidelines recommended initial screening cover-
age of > 95% while 46.66% did not mention it. Further, 26.66% of the newborn hearing guidelines recommended a
referral rate to diagnosis within 4% while 60% did not mention it. Regarding childhood hearing screening guidelines,
the screening populations differed across guidelines (age range: 0-9 years); most guidelines recommend pediatric
hearing screening for all preschoolers. Only 50% of the guidelines specify screening and re-screening techniques,
including pure-tone hearing screening, OAE, tympanometry, and others. The “Clarity of Presentation”domain achieved
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guidelines (>0.75).

updates.

the highest mean score, and the lowest was “Editorial Independence”both in newborn and childhood guidelines.
Overall score of newborn hearing screening guidelines ranged from 3 (2018 Europe) to 7 (2019 America), with an
average score of 5.33. Average score of childhood hearing screening guidelines was 4.78, with the score ranging from
4 (2017 England, 2012 Europe, 2016 WHO) to 6.67 (2011 America). ICC analysis revealed excellent agreement across 21

Conclusions: These findings indicated newborn hearing screening guidelines had superior quality over childhood
ones. Comparative analysis suggested that recommendations of the Chinese newborn and pediatric hearing screen-
ing protocols are consistent with the mainstream international opinion. Moreover, this analysis demonstrated that
“Editorial Independence”and “Stakeholder Involvement”have the greatest opportunities for improvement. These
results may help to advance the quality of hearing screening guidelines in clinical practice and guide evidence-based

Keywords: Hearing screening, Newborn, Childhood, Guidelines, Systematic review

Background

Hearing loss is among the most common congenital
disabilities worldwide. The World Report on Hearing
published by the World Health Organization (WHO)
indicates that>1.5 billion people currently experience
some degree of hearing loss, which could grow to 2.5
billion by 2050 [1]. The WHO estimates that over 400
million people, including 34 million children, live with
disabling hearing loss, which affects their health and
quality of life [1]. The global prevalence of moderate-to-
severe hearing loss increases with age, which increases
from 0.2% in early neonates to 1.5% in children aged
5-9 years [1]. The impact of hearing loss on children is
dependent on age at onset and severity; moreover, there
is a need for clinical and rehabilitative measures [2].
Delaying hearing tests negatively affects growing children
in terms of delayed language acquisition, speech develop-
ment, literacy, and social skills. According to WHO, early
detection through universal newborn hearing screening
(UNHS) could reduce the burden of hearing loss.

UNHS is standard in numerous countries, including
the US and UK, and allows early detection, diagnosis,
and interventions. Both US and UK implemented screen-
ing guidelines for screening management and improv-
ing screening quality early in 1990s [3, 4]. The UNHS
program has been implemented in China for more than
20 years and also contributed to early detection, diag-
nosis, and interventions, with good social results [5, 6].
In 2004, the former Ministry of Health enacted “Techni-
cal Specifications for Newborn Hearing Screening” and
promulgated the “Technical Specification for Newborn
Hearing Screening (2010 Edition)” in 2010. WHO has
paid increasing attention to the Chinese UNHS program.
Wilson et al. reported that UNHS program is effective
in high-income countries, including China, to identify
serious problems promptly [7]. Regarding guidelines
for newborn hearing screening issued worldwide, there
is a need to determine their quality, the consistency of

relevant information, and the utility of analyzing them.
Physiological measures, including otoacoustic emis-
sions (OAE) and automated auditory brainstem response
(AABR), can be used to screen newborns and infants for
hearing loss. Both can be easily applied and have been
successfully used for UNHS programs; however, they
have important differences. OAE measurements are
obtained from the ear canal using a sensitive microphone
within a probe assembly for recording cochlear responses
to acoustic stimuli [4]. Accordingly, OAEs reflect the sta-
tus of the peripheral auditory system extending to the
cochlear outer hair cells; moreover, it is easy, fast, sensi-
tive, and inexpensive. Contrastingly, auditory brainstem
response (ABR) measurements are obtained from surface
electrodes that record neural activity in the cochlea, audi-
tory nerve, and brainstem in response to acoustic stimuli
delivered through an earphone. AABR measurements
reflect the status of the peripheral auditory system, the
eighth nerve, and the brainstem auditory pathway. More-
over, they allow effective screening for auditory neuropa-
thy. However, they are time-consuming and costly [4].
Additionally, there are several risk factors for late-onset
permanent hearing loss during pre-school years, as dem-
onstrated by the 2007 Joint Committee on Infant Hear-
ing statement [4]. Delayed- or late-onset hearing loss
involves normal auditory function at birth followed by
the onset of auditory dysfunction and associated hear-
ing loss during infancy or early childhood. Depending
on the etiology, hearing loss may be unilateral or bilat-
eral; further, it may affect any frequency. Hearing loss
often gradually worsens during early childhood and
even into school-age years [8]. Up to 50% of 9-year-old
children with educationally significant hearing loss have
undergone newborn hearing screening [9]. Approxi-
mately 9-10 per 1000 children present identifiable per-
manent unilateral or bilateral hearing loss by school-age
[10]. According to the World Hearing Report published
in 2021, late-onset or progressive hearing loss related to
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these conditions is often missed during early childhood
screening [1]. In 2011, the American Academy of Audiol-
ogy issued Childhood Hearing Screening Guidelines for
developing evidence-based recommendations for screen-
ing hearing in 6-month-old children throughout high
school [11]. To protect and promote children’s hearing
and speech development, as well as reduce hearing and
speech disabilities in children, the National Health and
Family Planning Commission of the People’s Republic of
China promulgated the Technical Specification for Chil-
dren’s Ear and Hearing Care in 2013 [12]. There is a need
to explore the publication, quality, and recommendations
of children hearing screening guidelines worldwide. The
age ranges used in the World Report on Hearing were:
perinatal period, 0—4 years; childhood and adolescence,
5-17 years [1]. In this article, childhood hearing screen-
ing is primarily distinguished from newborn hearing
screening. Most guidelines recommend newborn hear-
ing screening within the first month of life and pediat-
ric hearing screening for all preschool and school-age
children, with minor differences in details between
guidelines.

The Appraisal of Guidelines for Research and Evalu-
ation (AGREE II) refers to a set of tools for methodi-
cally assessing the quality of clinical practice guidelines
and consensus statements [13]. It contains 23 items that
assess scope and purpose, stakeholder involvement, rigor
of development, clarity of presentation, applicability,
and editorial independence. It has been widely applied
in different areas, including newborn hearing screening,
chronic sinusitis, head and neck cancer, and the detection
and management of otitis media. In 2021, Chorath et al.
identified and evaluated 12 guidelines for the detection
and management of neonatal hearing loss, demonstrating
that the ‘Rigor of Development’ and ‘Editorial Independ-
ence’ have the greatest opportunities for improvement
[14]. However, the 12 newborn hearing screening guide-
lines included in the study did not include the Chinese
guidelines and the study did not compare the screening
protocols among the guidelines. Accordingly, our sys-
tematic review assessed not only the quality of global
newborn hearing screening guidelines and consensus
statements, but also the childhood hearing screening
guidelines, and analyzed the characteristics of various
guidelines between other countries and China.

Methods

This systematic review was conducted following the
Cochrane methodology and the latest preferred report-
ing items for systematic reviews and meta-analyses [15,
16]. Since this was a systematic literature review, eth-
ics approval was not required. A protocol exists for the
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systematic review and the registered PROSPERO number
is CRD42021242198.

Data sources and search strategy

We queried multiple peer-reviewed databases to identify
relevant articles. The English databases included Pub-
Med, EMBASE, Web of Science, CENTRAL, Biomed
Central, Cochrane Library, BMJ Best Practice, Guide-
lines International Network, National Institute for Health
and Clinical Excellence, National Guideline Clearing-
house, MEDLINE, Scottish Intercollegiate Network and
Google Scholar. The Chinese databases included the
China National Knowledge Infrastructure, Wan Fang
Data Knowledge Service Platform, Chinese Biomedical
Literature, and China Science and Technology Journal
Database (VIP). Since the database queries only retrieved
journal-published guidelines and several guidelines are
only published on their websites, we used Google and
Baidu to search for 10 relevant foreign government web-
sites and two Chinese government websites. All data-
bases and government websites were searched from
inception until May 2021. Table 1 summarizes the sample
search strategy based on the indexing systems.

Inclusion and exclusion criteria

We included the latest national and international guide-
lines, consensus statements, technical specifications, and
recommendations regarding newborn or childhood hear-
ing screening that were published in Chinese or English
medical journals or elsewhere with the full version avail-
able online. We excluded repetitive literature, guidelines
without full text.

Data extraction and management

Two reviewers independently reviewed the titles, key-
words, and abstracts; subsequently, they included arti-
cles based on the relevance criteria. Discrepancies were
resolved through consensus or consulting with a third
reviewer. The following information was extracted:
titles, authors, publication year, country, the source
organization, and main key recommendations using sys-
tems for assigning the level of evidence and strength of
recommendations.

Quality appraisal

Quality assessment was conducted using the AGREE
I instrument, which provides a systematic frame-
work for assessing the methodological rigor of guide-
line quality, as well as a methodological strategy for
developing guidelines [13]. As shown in Table 2, the
AGREE II instrument includes 23 items for assessing
the aforementioned six domains. Items are rated on a
7-point scale ranging from 1 (absence of items) to 7
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Table 1 Sample search strategy on PubMed database

Database PubMed

Date
strategy
#1

#2

#3

09/05/2021
#1 AND #2 AND #3 AND #4 AND #5 AND #6 AND #7

(sensorineural hearing loss[MeSH Terms]) OR (sensorineural hearing loss[Title]) OR (Hearing loss[Title]) OR (Hearing loss[MeSH Terms]) OR
(Hearing Impairment[MeSH Terms]) OR (Hearing Impairment[Title]) OR (Hearing Impairments[Title]) OR (deafness(Title]) OR (deafness[MeSH
Terms]) OR (hearing disorders[MeSH Terms]) OR (Hearing Disorders[Title]) OR (Hearing Disorder[Title]) OR (congenital hearing loss[Title]) OR
(neonatal hearing loss[Title]) OR (newborn hearing loss[Title])

(neonatal screening(Title]) OR (newborn screening([Title]) OR (selective screening|[Title]) OR (risk factor screening|Title]) OR
(screenings(Title]) OR (mass screening(Title]) OR (universal screening(Title]) OR (newborn hearing screening[Title]) OR (universal
newborn hearing screening(Title]) OR (Early Detection of hearing loss[Title]) OR (early detection deafness[Title]) OR (early hearing
loss diagnosis[Title]) OR (early deafness diagnosis[Title]) OR (preschool screening([Title]) OR (pre-school screening[Title]) OR (child
screening([Title]) OR (children screening([Title]) OR (childhood screening([Title]) OR (pediatric screening(Title])

(guideline[Publication Type]) OR (guidelines[Title]) OR (guideline[Title]) OR(Practice Guideline[Publication Type]) OR (Practice
Guideline[Title]) OR (Practice Guidelines[Title]) OR (Guidelines as Topic[MeSH Terms]) OR (Health Planning Guidelines[MeSH Terms]) OR
(Health Planning Guidelines[Title]) OR (Health Planning Guideline[Title]) OR (guidance[Title]) OR (consensus[MeSH Terms]) OR (Standard of
Care[MeSH Terms]) OR (consensus[Title]) OR (criterion[Title]) OR (criterions[Title]) OR (recommendation(Title]) OR (recommendations[Title])
OR (standard([Title]) OR (standards[Title]) OR (strategy[Title]) OR (strategies(Title]) OR (criteria[Title]) OR (manual[Title]) OR (guidebook(Title])
OR (guidebooks[Title]) OR (guide[Title]) OR (guides[Title]) OR (handbook[Title]) OR (handbooks[Title]) OR (references(Title]) OR
(reference[Title]) OR (referral[Title]) OR (referrals[Title])

Table 2 AGREE Il instrument

Domain Number Item
DOMAIN 1. SCOPE AND PURPOSE 1 The overall objective(s) of the guideline is (are) specifically described
2 The health question(s) covered by the guideline is (are) specifically described
3 The population (patients, public, etc.) to whom the guideline is meant to apply is specifically
described
DOMAIN 2. STAKEHOLDER INVOLVEMENT 4 The guideline development group includes individuals from all relevant professional groups
5 The views and preferences of the target population (patients, public, etc.) have been sought
6 The target users of the guideline are clearly defined
DOMAIN 3. RIGOR OF DEVELOPMENT 7 Systematic methods were used to search for evidence
8 The criteria for selecting the evidence are clearly described
9 The criteria for selecting the evidence are clearly described
10 The methods for formulating the recommendations are clearly described
1 The health benefits, side effects, and risks have been considered in formulating the recom-
mendations
12 There is an explicit link between the recommendations and the supporting evidence
13 The guideline has been externally reviewed by experts prior to its publication
14 A procedure for updating the guideline is provided
DOMAIN 4. CLARITY OF PRESENTATION 15 The recommendations are specific and unambiguous
16 The different options for management of the condition or health issue are clearly presented
17 Key recommendations are easily identifiable
DOMAIN 5. APPLICABILITY 18 The guideline describes facilitators and barriers to its application
19 The guideline provides advice and/or tools on how the recommendations can be put into
practice
20 The potential resource implications of applying the recommendations have been considered
21 The guideline presents monitoring and/or auditing criteria
DOMAIN 6. EDITORIAL INDEPENDENCE 22 The views of the funding body have not influenced the content of the guideline
23 Competing interests of guideline development group members have been recorded and
addressed
OVERALL GUIDELINE ASSESSMENT 1 Rate the overall quality of this guideline
2 I'would recommend this guideline for use

AGREE Il Appraisal of Guidelines for Research & Evaluation
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(exceptional quality of item). Three trained apprais-
ers with a background in audiology studies and experi-
ence with hearing screenings independently appraised
each item using the AGREE II. Between-reviewer
disagreements were resolved through consensus or
consultation with an independent expert adjudicator.
Domain scores were calculated by summing the item
scores within each domain for each reviewer as fol-
lows: scaled domain score = (obtained score-minimum
possible score) / (maximum possible score-minimum
possible score) x 100%. The overall scores for each
guideline were calculated and reported as means.

Data analysis

Descriptive statistical analysis was conducted; moreo-
ver, the between-reviewer agreement was assessed
using two-way, random, single unit, absolute agree-
ment intra-class correlation coefficients (ICC) [17].
The degree of reviewer agreement was categorized
based on Cicchetti (1994) as follows: ICC < 0.40, poor;
0.40-0.59, moderate; 0.60-0.74, good; 0.75-1.00,
excellent [18].
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Results

Our electronic search yielded 2814 citations. Based on
the inclusion/exclusion criteria, 21 articles were included
(Fig. 1); among them, 15 were newborn hearing screen-
ing guidelines [3, 19-32], and six were childhood hearing
screening guidelines [8, 11, 12, 33—35], respectively.

Newborn hearing screening guidelines

Characteristics of newborn hearing screening guidelines
Table 3 provides specific details regarding the country or
region, developer, year, title, screening protocols, initial
screening coverage, rate of referral to diagnosis, diagnosis
time, intervention time, and follow-up duration for new-
borns at risk.

General information of newborn hearing screening
guidelines

Table 3 presents 15 guidelines from 15 countries or
organizations published between 2010 and 2019. Three
guidelines were developed by international committees:
the International Consensus on Audiological Assess-
ment of Hearing Loss in Children (ICON), Interna-
tional Pediatric Otolaryngology Group (IPOG), and
WHO. Twelve guidelines were developed by expert

{ Identification of studies via databases and registers

[ Identification of studies via other methods ]

Records identified from:
English database:
Web of Science (n=37)
Biomed Central (n=7)

=
2 E}lﬁ?’ﬁ"ﬁ‘mf’ (:‘: 127(’)‘)’ Records removed before screening:
= est Practice (n= .
] PubMed (n=53) EMBASE (a=705) Duplicate records removed
= NICE' (n=401)  CENTRAL(n=21) > (n=128)
g "(n=51)  MEDLINE (n=111)
] SIGN™ (n=79)  Google Scholar (n=79)
= Chinese database:
CNKI(n=112)  Wan fang (n=458)

SinoMed (n=431) VIP (n=44)
Total (n=2787)

Records identified from:
Websites (n =21)
Organisations (n =6 )
Citation searching (n =0)

— }

Non-guidance records excluded

Records screened (n =2659) (n=2632)

!

v

Reports sought for retrieval (n =27)

\4

Reports not retrieved (n =3)

Reports sought for retrieval

Reports not retrieved (n = 4)

\4

Screening

}

(n=27)

Reports excluded:
Published in languages other
than English and Chinese (n=2)
Access recommendations on
hearing loss risk factors (n=1)
Not the most recently published
(n=10)

Reports assessed for eligibility
(n=24)

A4

[

Studies included in review (n=21)

Reports excluded:
Related with hearing assessment
(n=6)
Access recommendations on
hearing loss risk factors (n=3)
Not the most recently published
(n=4)

Reports assessed for eligibility
(n=23)

A4

A

Included

Fig. 1 Flow diagram for identification of clinical practice guidelines and consensus statement. * NICE: National Institute for Health and Clinical
Excellence; **NGC: National Guideline Clearinghouse; ***SIGN: Scottish Intercollegiate Network
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groups, including the Joint Committee on Infant Hear-
ing of America, European Standards of Care for New-
born Health, the Health Professions Council of South
Africa, Indian Academy of Pediatrics, Public Health
England, Ministry of Health of New Zealand, Neonatal
Hearing Screening Working Group of Australia, Cana-
dian Pediatric Society, Ministry of Health of the Peo-
ple’s Republic of China, the Commission for the Early
Detection of Hypoacusis of Spain, University Hospital
Muenster and University Hospital of Pisa.

Sixty percent of the guidelines, which were from
America, Europe, Germany, South Africa, England,
Australia, Canada, China, and WHO, stipulate that par-
ents should be informed about the medical background
of the UNHS program and the screening procedure.
The remaining guidelines were from ICON, India, Italy,
New Zealand, IPOG, and CODEPEH.

Screening principle and time of newborn hearing screening
guidelines

As shown in Table 3, 53.33% (8/15) guidelines rec-
ommend the 1-3-6 principles, with all infants being
required to undergo hearing screening within the age
of 1 month. However, 2010 China guideline recom-
mends screening within 42 days after birth. Moreo-
ver, 11 (73.33%) guidelines, including the 2010 China
guideline, recommend that individuals who have not
undergone prompt screening receive a diagnostic audi-
ological evaluation within 3 months after birth. Moreo-
ver, they recommend prompt provision of audiological,
medical, and educational services to infants diagnosed
with hearing loss within 6 months after birth.

Seven guidelines recommend initial screening before
discharge; however, there are differences in the spe-
cific screening times. The recommended times for ini-
tial screening in guidelines from Europe, Germany,
UK, Australia, and China are within 1 week, 2-3 days,
72 h, 72 h, 24-72 h, and 48 h after birth, respectively.
Additionally, 4 (26.67%) guidelines did not mention the
specific initial screening time. Regarding the rescreen-
ing time, 9 (60%) of the guidelines recommend com-
pletion within 1 month, 4 (26.67%) have different
recommendations, and 2 (13.33%) do not mention it.
The follow-up time for newborns at risk widely ranged
from the age of 9 months (America, South Africa) to
36 months (China). It is worth noting that the 2019
America guideline mentions that programs meeting
current targets might consider setting a new target of
1-2-3 months (screening completed by one month of
age, audiologic diagnosis completed by two months of
age, and early intervention initiated no later than three
months of age).
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Screening protocols of newborn hearing screening guidelines

(1) Well-babies As shown in Table 3, 14 (93.33%) guide-
lines recommend “primary screening-rescreening-diag-
nosis-intervention” as the process for hearing screening
for well-babies, with the WHO guidelines not mention-
ing this.

Table 3 summarizes the initial screening technologies
for well-babies. We found that 6 (40%), 1 (6.67%), and 7
(46.66%) guidelines recommend OAE only, AABR only,
and both, respectively. The 2010 WHO guideline recom-
mends OAE or AABR as the most accurate technolo-
gies with universal feasibility; moreover, other methods,
including family questionnaires and behavioral measures,
can be used depending on the circumstances.

Regarding rescreening technologies for well-babies, 6
guidelines (40%), including China’s technical specifica-
tions, recommend OAE or AABR; 5 (33.33%) recom-
mend only AABR; 13.33% (2/15) recommend only OAE;
1 (6.67%) recommends OAE, AABR, or other technolo-
gies; and 1 (6.67%) did not mention it.

(2) NICU newborns Eleven (73.33%) guidelines, includ-
ing China’s technical specifications, recommend "initial
screening-diagnosis-intervention” as the hearing screen-
ing protocol for newborns in neonatal intensive care unit
(NICU). Briefly, rescreening is not recommended for
NICU newborns who fail initial screening; instead, they
are directly referred to the hearing diagnostic center for
hearing diagnosis. Moreover, one (6.67%) guideline rec-
ommends that NICU newborns who fail initial screen-
ing should undergo rescreening before hearing diagnosis
while three (20%) guidelines did not mention relevant
information.

Regarding the screening technology for NICU newborns,
11 (73.33%) guidelines, including China’s technical speci-
fications, recommend AABR; 2 (13.33%) recommend
combining OAE and AABR; 1 (6.67%) recommends ABR;
and 1 (6.67%) recommends combining OAE and AABR
or only AABR.

Screening quality indicators of newborn hearing screening
guidelines

Common quality control indicators include initial
screening coverage and referral rates for diagnosis. Five
(33.33%), two (13.33%), and one (6.67%) guideline rec-
ommended initial screening coverage of>95%,>97%,
and>98%, respectively. Furthermore, 4 (26.66%), 1
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(6.67%), and 1 (6.67%) guideline recommended referral
rates to diagnosis within 4%, 5%, and 3%, respectively.
Seven (46.67%) and nine (60%) guidelines did not men-
tion initial screening coverage and the referral rate to
diagnosis, respectively. China’s technical specifications
did not mention either.

Childhood hearing screening guidelines

Characteristics of childhood hearing screening guidelines
Table 4 provides specific details regarding the country
or region, developer vyear, title, screening populations,
screening technology, information about rescreening or
diagnosis, and key recommendations.

General information of childhood hearing screening
guidelines

We included six guidelines from six countries or organi-
zations published between 2011 and 2017. Among them,
one guideline was developed by the WHO, two by the
American Academy of Audiology and Hall, and three by
other expert groups, including England Audiology and
Health, National Health and Family Planning Commis-
sion of the People’s Republic of China, and Institute of
Physiology and Pathology of Hearing in Poland.

Populations of childhood hearing screening guidelines

Table 4 indicates differences in the screening populations
across the guidelines, which ranged from 0 to 9 years;
however, most guidelines (2016 WHO, 2016 America,
and 2013 China) recommend pediatric hearing screen-
ing for all preschoolers. Guidelines from England and
Europe recommend screening children aged 4-7 years.
Guidelines from the American Academy of Audiology
recommend screening school-age children in pre-school;
kindergarten; and grades 1, 3, 5, and either 7 or 9. China’s
technical specifications recommend screening all chil-
dren aged 0-6 years.

Screening technologies in childhood hearing screening
guidelines

As shown in Table 4, 3 (50%) guidelines specify screening
techniques and rescreening or referral processes while
the remaining guidelines do not. Moreover, there were
different screening technologies across the guidelines,
including pure-tone hearing screening, OAE, tympanom-
etry, acoustic reflex for broadband noise signal, otoscopy,
speech stimuli materials, ear appearance examination,
auditory behavioral observation, and portable auditory
assessment instruments. China’s technical specifica-
tions recommend ear appearance examination, auditory
behavioral observation, portable auditory assessment
instruments, and OAE for childhood hearing screening.

Page 11 of 21

Quality assessment based on the AGREE Il Score

Table 5 highlights the domain scores of guidelines
according to AGREE II, including the score rates
according to the domain, overall quality scores, whether
the guideline is recommended, and ICC factors.

Guidelines for newborn hearing screening

The average scores for Domain 1, 2, 3, 4, 5, and 6 were
88.87% [range: 79.63% (2011 Canada) to 98.15% (2016
IPOG)], 68.02% [range: 50% (2017 India) to 85.19%
(2018 Europe)], 71.30% [range: 52.78% (2017 India) to
83.33% (2010 WHO)], 91.04% [range: 10% (2010 CODE-
PEH) to 100% (2018 Germany, 2016 England, 2016 New
Zealand, 2013 Australia, 2010 China)], 84.26% [range:
69.44% (2010 CODEPEH) to 97.22% (2016 New Zea-
land, 2013 Australia, 2010 WHO)], and 54.81% [range:
27.78% (2017 India, 2018 South Africa) to 100% (2019
America)], respectively. Overall, the mean score was
5.33 [range: 3 (2018 Europe) to 7 (2019 America)].

Guidelines for childhood hearing screening

The average scores for Domain 1, 2, 3, 4, 5, and 6 were
83.95% [range: 68.52% (2017 England) to 92.59% (2011
America)], 59.26% [range: 51.85% (2016 America) to
79.63% (2011 America)], 65.74% [range: 52.78% (2016
WHO) to 86.11% (2011 America)], 87.66% [range:
55.56% (2016 WHO) to 100% (2013 China, 2016 Amer-
ica)], 68.29% [range: 59.72% (2017 England) to 86.11%
(2011 America)], and 53.24% [range: 33.33% (2017 Eng-
land) to 80.56% (2011 America)], respectively. Overall,
the mean score was 4.78 [range: 4 (2017 England, 2012
Europe, 2016 WHO) to 6.67 (2011 America).

Intraclass reliability

Table 5 presents the ICC for AGREE II for all the guide-
lines. We obtained a significant ICC (P<0.05), which
indicated a general consensus among the three reviewers.
All guidelines achieved “excellent” intraclass reliability.

Discussion

This study assessed the quality of global guidelines and
consensus statements for newborn and childhood hear-
ing screening programs; moreover, it analyzed and
compared the characteristics of Chinese and interna-
tional guidelines. Below, we discuss the general informa-
tion regarding guidelines, screening principles, hearing
screening protocols, hearing screening quality indicators,
and quality assessment based on the AGREE II score.

General information regarding guidelines
According to Morton’s study published in 2006,
which was conducted in England where there is high
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compliance with confirmatory testing, permanent
childhood hearing loss is defined as a bilateral senso-
rineural loss of >40 dB, with a reported incidence of
1.33 per 1000 newborns. The prevalence of permanent
sensorineural hearing loss increases during childhood
and approximately reaches 2.7 and 3.5 per 1000 chil-
dren before the age of 5 years and during adolescence,
respectively [36]. Hearing loss can affect communica-
tion, language, and speech development in children,
cognition, education, employment, mental health, and
interpersonal relationships. Hearing loss can cause low
self-esteem, is often associated with stigma, and can
adversely affect the families and communication part-
ners of the patients [1].

Various countries and regional organizations are devel-
oping guidelines for newborn and childhood hearing
screening. Chorath et al. identified and evaluated 12 new-
born hearing screening guidelines in a systematic review
[14]. Here, we included 15 newborn hearing screening
guidelines from 15 countries or organizations published
between 2010 and 2019. The total number of guidelines
included in our study was three more than the those
included in the study of Chorath et al., and nine guide-
lines were included in both. This is likely due to searching
government and organizational websites in addition to
searching databases. Among the guidelines, sixty percent
required informed consent from parents, which indicates
that it is a crucial aspect of newborn hearing screening.

We included six childhood hearing screening guide-
lines from five countries or organizations which were not
included in the study of Chorath et al., with two being
published by two American organizations [8, 11]. This
suggests that compared with other countries, America
has more guidelines on hearing screening for children
and that its healthcare administrators may be more con-
cerned about pediatric hearing screening. Childhood
hearing screening guidelines were published between
2011 and 2017. There is a need to update these guide-
lines given the improvements in screening processes
and technologies, as well as the accumulation of clinical
experience.

Screening principles and time

Given the varying recommendations of the six child-
hood hearing screening guidelines, only the newborn
hearing screening principles are discussed here. Eight
guidelines from America, Europe, ICON, Italy, New
Zealand, Canada, CODEPEH, and WHO recommend
the 1-3-6 principles, indicating international accept-
ance of this screening principle. Most guidelines rec-
ommend completing initial screening before discharge,
with the exact timing varying based on the length of hos-
pital stay in each country and region. Most guidelines
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recommend prompt rescreening of newborns who are
not screened before discharge. Three guidelines cited dif-
ferent rescreening times, with the same diagnosis (within
3 months) and intervention times (within 6 months).
Among them, the Chinese guidelines recommend that
newborns who do not undergo initial screening should
complete rescreening within 42 days after birth [30].
Since the growth and developmental health check-up is
performed at the age of 42 days, hearing rescreening at
42 days could facilitate rescreening rates [37]. The Indian
guidelines recommend complete rescreening within
4 weeks after the first screening or at 6 weeks during the
first immunization visit [24], which could improve com-
pliance with rescreening among newborns who fail the
initial screening.

South African guideline recommends screening before
1 month after birth and within 6 weeks after birth; diag-
nosing within 1 month after discharge; and accepting
interventions before and within 6 and 8 months after
birth, respectively [22]. Moreover, the recommended
screening and intervention times were slightly later than
those in the 1-3-6 principles. However, the diagno-
sis and intervention times recommended by guidelines
from England and Australia were earlier than those in
the 1-3-6 principle. Guidelines from England recom-
mend diagnosis within 4 weeks of screen completion and
accepting intervention within 4 weeks of screen comple-
tion or the gestational age of 44 weeks [3]. Australian
guidelines recommend diagnosis at 2 weeks after the first
screening and within a corrected age of 3 months, as well
as accepting interventions within 3 months and no later
than 6 months of age [28].

Generally, the screening principle and time of new-
born hearing screening recommended by Chinese guide-
line are consistent with international recommendations.
Guidelines from several developed countries recom-
mend diagnosis and intervention within 3 and 6 months,
respectively. Contrastingly, guidelines from several devel-
oping countries recommend diagnosis and intervention
within 1 and 6 months, respectively. This suggests that
hearing screening principles should be developed accord-
ing to the national context in terms of scientific validity
and feasibility.

Regarding the follow-up time for newborns at risk,
2010 China guideline recommended that high-risk new-
borns should undergo annual follow-ups for 3 years even
if they pass the initial hearing screening. Guidelines
from America, South Africa, New Zealand, Australia,
Italy, and CODEPEH recommended follow-up of high-
risk newborns up to 9, 9, 18, 12, 12, and 24-30 months,
respectively. Furthermore, 46.67% of the guidelines did
not provide relevant information. The greater variability
in the follow-up duration compared with the duration of
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initial screening, rescreening, diagnosis, and intervention
indicates significant variations in the neonatal follow-up
conditions across countries and regions.

Hearing screening protocols
Newborn hearing screening

(1) Hearing screening process Most guidelines recom-
mend “initial screening-rescreening-diagnosis-interven-
tion” for well-babies and “screening-diagnosis-interven-
tion” for NICU newborns given the high rate of hearing
loss among NICU newborns. The screening process for
well-babies and NICU newborns in the Chinese guideline
is consistent with mainstream international recommen-
dations [30]. It is worth noting that the South African
guideline recommended rescreening of NICU newborns
who failed initial screening, which may be relevant to
their specific national context.

(2) Screening technology For well-babies, most guide-
lines recommended OAE for the first screening; how-
ever, 2018 Europe guideline only recommended AABR.
Further, most guidelines recommended AABR for
rescreening; however, those from South Africa and India
recommended only OAE [22, 24]. This suggests that rec-
ommendations for screening technologies may be influ-
enced by the level of economic development in individual
countries and regions.

Chinese technical specifications recommend OAE or
AABR for both initial screening and rescreening [30].
Wen et al. assessed the current status of the UNHS pro-
gram at 26 institutions in China and reported that 61.54%
and 73.08% of these organizations used OAE and OAE
combined with AABR, respectively, for rescreening
[38]. Taken together, recommendations regarding ini-
tial screening and rescreening technology in China are
consistent with the mainstream international consensus;
moreover, the current implementation status in China is
consistent with the recommendations.

Compared with infants from well-baby nurseries,
infants admitted to the NICU have a higher preva-
lence of increased hearing thresholds and a higher risk
of auditory neuropathy [28]. Accordingly, most guide-
lines recommended AABR as a screening technology
for NICU newborns to detect auditory neuropathy.
Specifically, most guidelines recommend only AABR,
guidelines from Italy and IPOG recommend combin-
ing OAE and AABR, and guidelines from CODEPEH
combining OAE and AABR or using AABR only. Only
Indian guidelines recommend the ABR test for NICU
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newborns to rule out auditory dyssynchrony/auditory
neuropathy [24]. Moreover, Chinese technical speci-
fications only recommend AABR for NICU newborns
[30], which is consistent with the mainstream interna-
tional opinion.

(3) Quality indicators Eight and six guidelines men-
tioned initial screening coverage and the referral rate to
diagnosis. Most of these guidelines recommended ini-
tial screening coverage of over 95% and a referral rate
to diagnosis within 4%, indicating that these are com-
mon quality monitoring indicators for UNHS programs,
and that agreements about screening sessions between
those guidelines remain. However, guidelines from Eng-
land, Australia, and Italy recommended initial screening
coverage of>97%,>97%, and>98%, respectively [3, 25,
28]. Guidelines from England and South Africa recom-
mended a referral rate of >2.5% (within 3%) and within
5%, respectively [3, 22]. The specific recommended val-
ues vary slightly across countries, with higher recom-
mended values for initial screening coverage indicating a
need to screen more newborns and a higher assessment
requirement in hearing screening programs. Moreover,
a higher referral rate to diagnostic audiological assess-
ment could indicate more false positives in the screening
test [4]. However, an extremely low referral rate may sug-
gest that rescreening misses a proportion of newborns
who fail the initial screening. Therefore, there is a need
to set a minimum lower limit. The inconsistencies in ini-
tial screening coverage and referral rate reflect the actual
situation of UNHS program across different countries
and organizations. The inconsistencies may be explained
by the fact that economically developed countries started
UNHS programs earlier and demanded higher quality of
newborn hearing screening.

Current Chinese guidelines do not mention the afore-
mentioned screening quality indicators and updated
guidelines should include them. According to Zhu and
Li, in the past decade, China has made substantial pre-
vention efforts by providing free services in poor areas,
with newborn hearing screening increasing from 29.9%
in 2008 to 86.5% in 2016 [39]. In 2020, we reported that
an increase in the initial screening coverage from 94.96%
in 2016 to 96.10% in 2017 [38]. Additionally, the referral
rate to diagnostic audiological assessment in 26 Chinese
institutions was 1.16% in 2016 and 1.24% in 2017 (both
within 3%) [38]. This suggests generally good quality of
newborn hearing screening in China; however, there
may be regional differences. Therefore, there is a need to
implement nationwide quality control measures for new-
born hearing screening programs.
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Childhood hearing screening

Hearing and genetic screening of 180,469 neonates with
follow-up in Beijing, China, revealed that 25% of infants
with pathogenic combinations of GJ/B2 or SLC26A4
variants and 99% of infants with an m.1555A>G or
m.1494C>T variant passed routine newborn hear-
ing screening, with subsequent presentation of delayed
onset, progressive hearing loss, or susceptibility to oto-
toxic drugs [40]. Therefore, screening programs should be
considered throughout pre-school ages. Taken together,
childhood hearing screening is effective for early detec-
tion of late-onset hearing loss.

(1) Screening populations There were among-guideline
differences in the childhood hearing screening popula-
tions. Most guidelines recommend pediatric hearing
screening for all preschoolers to facilitate early detection
of new hearing loss and to maximize speech perception
and attainment of linguistics-based skills. The American
Academy of Audiology has issued broad guidelines for
screening childhood hearing, including preschoolers, as
well as grades 1, 3, 5, and either 7 or 9, to identify approx-
imately 70% of previously unidentified hearing losses
[11]. The technical specifications in China stipulated
that after the newborn hearing screening, children aged
0-6 years should be managed in the health care system.
Moreover, ear and hearing care should be provided at the
same time as the health checks, with the priority ages for
hearing screening being 6, 12, 24, and 36 months, which
are feasible follow-up time points for child health man-
agement [12, 37].

(2) Screening technology There were among-guideline
differences in the recommended screening techniques for
children screening. The American Academy of Audiology
recommends that young children should be targeted for
tympanometry screening and that children aged > 3 years
(chronologically and developmentally) undergo pure tone
screening. Moreover, the results of pure tone or OAE and
tympanometry rescreening should inform subsequent
steps [11]. The American guidelines of 2016 considered
OAE as the primary hearing screening tool of all pre-
school children aged 6 months to 5 years [8]. For children
aged from 6 months to 4 years, the secondary screening
techniques are tympanometry, acoustic reflex for broad-
band noise signal as indicated, and otoscopy as indicated.
For children aged >4 years, rescreening involves pure-
tone hearing screening at 20 dB HL [8]. In summary, both
American guidelines have age-specific recommendations
for screening techniques.

Similarly, the technical specifications of China have age-spe-
cific recommendations. Auditory behavioral observations
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are recommended for children aged<3 years, with this
population being divided into the following age groups:
6 months, 12 months, 24 months, and 36 months. Moreo-
ver, there are age-specific recommendations for hearing
screening using portable auditory assessment instruments;
specifically, a 60 dB SPL sound at a 2-kHz warble tone for
children aged <12 months, a 55 dB SPL sound field at 2-kHz
and 4-kHz warble tones for children aged 12—-24 months,
and use of headphones or pure tone screening at a 45 dB HL
sound at 1, 2, and 4 kHz for children aged 3—6 years [12].
Additionally, equipped community and township health
centers can perform hearing screening using screening
otoacoustic emission devices [12].

Only 50% of the guidelines specify screening tech-
niques and rescreening or referral processes, sug-
gesting a need to develop hearing screening guide-
lines for children and improve them to allow
large-scale and systematic implementation of hear-
ing screening for children.

Quality assessment based on the AGREE Il Score

The quality of the guidelines was determined based on
the average scores for the six domains and the overall
scores for each guideline. Chorath et al. reported ICC
analysis of 12 guidelines showed good to very good agree-
ment across all domains [14]. We included 21 guidelines
with ICC > 0.75, indicating a high degree of consistency
and confidence in the scores, which was consistent with
the above study.

(1) Newborn hearing screening

Among newborn hearing screening guidelines, the score
hierarchy of the domains in descending order was as fol-
lows: ‘Clarity of Presentation’ domain (91.04%), ‘Scope
and Purpose’ domain (88.87%), ‘Applicability’ domain
(84.26%), ‘Rigor of Development’ domain (71.30%),
‘Stakeholder Involvement’ domain (68.02%), and ‘Edi-
torial Independence’ domain (54.81%). Similarly, in a
systematic evaluation of clinical practice guidelines on
newborn hearing screening, the ‘Scope and Purpose’
domain achieved the highest mean score (91.30%) [14].
The score of ‘Scope and Purpose’ domain in our research
was close to 91.3%, indicating detailed descriptions
regarding scope and purpose. However, the lowest score
(35.80%) of ‘Rigor of Development’ was much lower than
71.30%, possibly due to differences in included guide-
lines, indicating unclear descriptions regarding rigor of
development. Additionally, there may be unclear descrip-
tions regarding editorial independence and stakeholder
involvement.
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The American guideline had the highest overall
score, which was consistent with the systematic qual-
ity appraisal in 2021 [14]. This could be attributed to
American hearing screening guidelines being developed
following the principles of evidence-based medicine; hav-
ing recommendations supported by good evidence; and
referring to detailed and comprehensive information
regarding hearing screening, referral, and intervention.
Additionally, the American guidelines are more consist-
ent with the requirements of the AGREE II instrument,
present specific recommendations, clearly present differ-
ent management alternatives for the health issues, and
describe factors that facilitate and limit implementation.
This position statement reflects the views and opinions
of the authors and does not necessarily reflect the offi-
cial policy or position of the member organizations, as
highlighted in the acknowledgments [19]. The European
guideline had the lowest overall score, which could be
attributed to a lack of details regarding the applicability
and editorial independence. Although European guide-
lines have the advantage of grading evidence for recom-
mendations, there are focused on the responsibilities of
parents and family, healthcare professionals, neonatal
units, hospitals, follow-up teams, and health services,
without mentioning the quality indicators for hearing
screening.

For the Chinese guideline included for quality assess-
ment for the first time, the hierarchy of the domain scores
were as follows: 100.00% (domain 4),90.28% (domain 5),
85.19% (domain 1), 74.07% (domain 2), 70.83% (domain
3), and 36.11% (domain 6); moreover, the overall score
was 5. Overall, the technical specifications for hearing
screening in China have good quality; however, content
regarding stakeholder involvement, rigor of development,
and editorial independence could be further improved.

(2) Childhood hearing screening
Among the childhood hearing screening guidelines,
the score hierarchy of the six domains was as follows:
domains 4, 1, 5, 3, 2, and 6. Notably, all six scores were
lower than those of newborn hearing screening guide-
lines, suggesting that childhood hearing screening guide-
lines have lower overall quality than newborn ones. An
American guideline (2011 America) had the highest over-
all score, which can be attributed to authoritative rec-
ommendations, evidence-backed screening techniques,
comprehensive screening populations, and detailed
screening and referral protocols. Guidelines from Eng-
land, Europe, and the WHO had the lowest overall scores
since they did not reflect systematic screening and refer-
ral protocols.

The Chinese technical specifications had the third-
highest score after the two American guidelines and
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recommended detailed screening populations, screen-
ing techniques, and referral protocols, with good overall
quality, implement ability, and generalizability. However,
there were low scores of stakeholder involvement, rigor
of development, and editorial independence (55.56%,
53.47%, and 44.44%, respectively), which suggests
that these areas could be further improved in updated
guidelines.

Strengths and limitations

The guidelines represent the development of hearing
screening for newborns and children in each country.
Moreover, information regarding hearing screening
reflects the actual situation in each country or organiza-
tion, as well as the theoretical consensus and practical
problems regarding guideline implementation. Therefore,
it is necessary to compare information regarding screen-
ing to confirm consistency between Chinese guidelines
and those of other countries and organizations, as well as
to identify more accurate processes for hearing screen-
ing, which could provide a scientific basis for the revision
of the guidelines in China. Moreover, this study indicates
the requirement to update guidelines based on evidence
to ensure evidence-based best practice and standardized
implementation of hearing screening and higher qual-
ity screening. The limitation of this study is that due to
the language limitation, we were not able to analyze the
guidelines or consensus statement other than English and
Chinese.

Conclusion

In conclusion, our systematic review highlighted that
newborn hearing screening guidelines are of better qual-
ity than childhood guidelines; this may be due to the fact
that newborn hearing screening was conducted earlier
and more widely than pediatric hearing screening. Both
the 2019 American position statement and the 2011
Childhood Hearing Screening Guidelines demonstrated
superior quality due to comprehensive expert teams,
regular updates to guidelines, and evidence-backed rec-
ommendations. Comparative analysis suggested that
recommendations of the Chinese newborn and pediatric
hearing screening protocols are consistent with main-
stream international opinion. Moreover, this analysis
demonstrated that ‘Editorial Independence’ and ‘Stake-
holder Involvement’ have the greatest opportunities for
improvement. These results may help to progress the
quality of hearing screening guidelines in clinical practice
and guide evidence-based updates.
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