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Background Permanent bilateral hearing loss (PBHL) is a serious condition in

newborns, with a prevalence of at least one per 1000 live births. However, there
has been no recent systematic review and meta-analysis of the effectiveness of
universal newborn hearing screening programs (UNHS).

Methods We registered our study protocol on PROSPERO CRD42020175451.
Primary outcomes were any identification of PBHL (ie, PBHL diagnosed at any
time), age of identification of PBHL, and neurodevelopment. Two reviewers
searched standard databases to March 2022 and extracted data. We used fixed
and random effects meta-analysis to pool data and graded the certainty of evi-
dence using standard methods.

Results The search retrieved 2834 records. We identified five studies reporting
on the effects of UNHS vs no UNHS in 1023610 newborns. The relative risk of
being identified with PBHL before nine months in infants with UNHS compared
to infants without UNHS was 3.28 (95% confidence interval (95% CI)=1.84,
5.85, one study, 1023497 newborns, low certainty evidence). The mean differ-
ence in the age of identification of PBHL in infants with UNHS compared to in-
fants without UNHS was 13.2 months earlier (95% CI=-26.3,-0.01, two studies,
197 newborns, very low certainty evidence). The relative risk of infants eventually
being identified with PBHL in infants with UNHS compared to infants without
UNHS was 1.01 (95% CI=0.89, 1.14, three studies, 1023497 newborns, low
certainty evidence). At the latest follow-up at 3-8 years, the standardised mean
difference (SMD) in receptive language development between infants with UNHS
compared to infants without UNHS was 0.60 z scores (95% CI=0.07, 1.13, one
study, 101 children, low certainty evidence) and the mean difference in develop-
mental quotients was 7.72 (95% CI=-0.03, 15.47, three studies, 334 children,
very low certainty evidence). The SMD in expressive language development was
0.39 z scores (95% CI=-0.20, 0.97, one study, 87 children, low certainty ev-
idence) and the mean difference in developmental quotients was 10.10 scores
(95% Cl=1.47, 18.73, 3 studies, 334 children, very low certainty evidence).

Conclusions UNHS programs result in earlier identification of PBHL and may
improve neurodevelopment. UNHS should be implemented across high-, mid-
dle-, and low-income countries.

. Registration PROSPERO (CRD42020175451)
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UNHS review group

Universal newborn hearing screening (UNHS) programs screen for hearing loss in all newborns as soon as
possible after birth [1]. In many countries, UNHS programs are considered the standard of care [1-3]. There
are two main tests used in UNHS: oto-acoustic emissions (OAE) and automated auditory brain stem responses
(AABR) (sometimes called brainstem auditory evoked responses (BAER). OAE and AABR are simple non-in-
vasive 30-minute bedside tests [1,4,5]. A combination of protocols is often used with OAE or AABR and is
repeated if infants are reported to have “failed”, ie, not responded to the test. In UNHS programs, a follow-up
definitive test involving diagnostic audiological testing in a controlled environment is done as soon as possi-
ble after screening.

UNHS programs detect permanent bilateral hearing loss (PBHL) (permanent conductive or sensorineural hear-
ing loss of 40 dB or greater in the better ear) and unilateral loss. The prevalence of severe or profound PBHL
(>60 dB [dB] loss) in newborns is 1 to 1.5 per 1000 live births [1,2,4]. An additional 1 to 2 per 1000 newborns
have bilateral mild to moderate hearing loss or unilateral hearing loss of any degree. Both severe and profound
PBHL result in major impairments to language and literacy development, functioning in adulthood, and qual-
ity of life [1,2,6]. Causes of PBHL include intrauterine infections such as TORCH infections (toxoplasmosis,
rubella, cytomegalovirus, herpes simplex, syphilis), genetic abnormalities, and craniofacial problems. Approx-
imately 50% of newborns with PBHL have an identifiable risk factor [1,2].
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In the 1990s and 2000s, when OAE and AABR technologies first became available, several high-income coun-
tries introduced UNHS with concurrent evaluation [3,7-10]. These evaluations involved selecting populations
in large districts or states to receive UNHS, while other states and districts received “usual” care without UNHS.
Additional evaluations have also been implemented in recent years [11-13]. The results of these evaluations are
used by policymakers and program managers to inform national “rollouts” of UNHS [3,13]. However, to our
knowledge, there has been no recent systematic review and meta-analysis of UNHS effectiveness.

METHODS

This review was registered in PROSPERO (CRD42020175451) [14]. Preferred Reporting Items for Systematic
Reviews and Meta-Analyses-Protocol (PRISMA-P) guidance was followed [15].

Design and population

We included randomised controlled trials (RCTs) and non-randomised studies of interventions (NRSI). Stud-
ies published in abstract form were excluded. All settings (such as health facilities and home-based settings)
within any country were included. All infants regardless of underlying disease were included.

Intervention and control groups

The intervention was bilateral universal screening for hearing loss in newborns, involving all infants regard-
less of risk factors or gestation, occurring in the neonatal period (0-27 days), and using tests that would detect
hearing loss in newborns (eg, AABR or OAE).

Comparator group infants received no UNHS, ie, no involvement in a UNHS program in the neonatal period.
However, they could have received: hearing screening later, eg, from one month onwards using different tests
(such as “distraction” testing (infants observed turning their head to locate the source of sound)); or “risk fac-
tor screening” (a risk factor screening program that only included infants with risk factors such as prematuri-
ty, hyperbilirubinemia, receipt of gentamicin, or craniofacial abnormalities).

Outcomes

Primary outcomes were: 1) “any” identification of PBHL (ie, PBHL diagnosed at any time); 2) age of detection
of PBHL; and 3) neurodevelopment (ie, receptive language, expressive language, and literacy). The secondary
outcome was the age of amplification (ie, the age that hearing aids were provided to the child). All outcomes
were reported at the latest follow-up.

Search methods

Electronic databases were searched o March 1, 2022. Databases included Medline (Ovid), Embase (Ovid),
CINAHL, and the Cochrane Central Register of Controlled Studies (CENTRAL). Additionally, we completed
manual reference checks of existing reviews and papers that were included in the review. Appendix 1 in the On-
line Supplementary Document provides the search strategy used and Figure 1 shows the PRISMA flowchart.
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Study selection and data extraction

Study selection and data extraction were done by two authors and followed standard methods [16]. Data ex-
tracted included: country, study design, study setting, infant characteristics, and the type of screening (if any)
in the intervention and control groups.

Assessment of risk of bias

Two review authors judged the risk of bias using standard methods including the Risk of Bias in Non-ran-
domised Studies (ROBINS-I) tool or the risk of bias tool for randomised controlled trials [17,18]. Where pos-
sible, funnel plots and Eggers test were used to assess publication bias.

Measurement of treatment effect
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For dichotomous data, we summarised results using risk ratios (RR). Where this was not possible, odds ratios
(OR) with 95% confidence intervals (95% CI) were reported. For continuous data, we summarised results us-
ing the mean difference (MD) with 95% CI or standardised mean difference (SMD) when different processes,
methods, or scales were used between studies. We used random effects models to calculate pooled estimates
for outcomes, as we considered the interventions to be heterogeneous. Where available, we used study lev-
el-adjusted effect sizes to calculate pooled estimates; where unavailable, we used raw data. We also assessed
forest plots visually for heterogeneity and considered I? values >60% to represent substantial heterogeneity.
All analyses were done using STATA 16.1.

Subgroup and sensitivity analysis

Our a priori subgroup analyses were: 1) type of comparator (eg, no screening at all vs risk factor screening
vs other); 2) gestational age and weight at birth (studies enrolling only infants <32 weeks gestation or <1.5kg
at birth compared to studies that did not restrict enrolment based on gestational age or birth weight); and 3)
high-, middle- and low- income settings.

Summary of findings and GRADE table

We prepared a summary of findings table for each outcome using Grading of Recommendations Assessment,
Development and Evaluation (GRADE) and GRADEPro GDT software to assess the quality of the body of evi-
dence, consistency of effect, imprecision, indirectness, and publication bias for each outcome [19-21].

RESULTS

Source and characteristics of studies

The search retrieved 2834 records. After screening titles and abstracts, 30 records were retrieved. 25 reports
were excluded (Figure 1). We identified five studies (11 reports) [7-10,22-28] of 1025611 newborns report-
ing on the effects of UNHS vs no UNHS. Two studies were conducted in the US [8,26], and one each in Aus-
tralia [7], Netherlands [25], and the United Kingdom [10] (Table 1).

Four of the five studies (1025497 newborns) [7,8,10,25], evaluated large population-based government pro-
grams and prospectively followed all live-born infants from birth to screening at nine months of age. An in-
fant who failed UNHS received a definitive hearing assessment from an audiologist as soon as possible after
screening. Three of these studies (1025497 infants) [7,10,25], followed up all children with PBHL to ascer-
tain developmental outcomes including receptive and expressive language and literacy at three to eight years.
The fourth study (50 infants) [8], age- and sex-matched UNHS children with non-UNHS controls at devel-
opmental follow-up at eight years. The remaining study [26] recruited 63 children with PBHL and retrospec-
tively reviewed their past medical records to determine if the children had received UNHS, audiological as-
sessment, or amplification devices, and the timing of these procedures. UNHS screening was done in the first
24-48 hours after birth [10], by two weeks [7], and by 28 days [26], while the timing of screening was not
described in the other two studies [8,25].

The screening tests used in the intervention group were OAEs, AABR, or both. The comparison group (no
UNHS) received no screening at any time in one study [26]; no screening in the first eight months of life fol-
lowed by distraction screening at eight months or later in two studies [10,25]; and selective or risk factor screen-
ing (ie, screening in infants admitted to neonatal intensive care units, infants with craniofacial abnormalities,
severe jaundice etc) in two studies [7,8].
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Figure 1. PRISMA flow diagram [15].

“Any hearing loss requiring amplification” was used to define PBHL in one study [26]. The other four studies
defined PBHL as threshold levels in the better ear of >40 dB, >35 dB, or >25 dB [7,8,10,28].

Risk of bias

A risk of bias assessment was completed for the five studies included in the meta-analysis (Figure S1 in the On-
line Supplementary Document). No studies had low risk of bias. Three had moderate risk of bias [7,10,25],
and two had serious risk of bias [8,26]. Two had serious or critical risk of confounding [8,26]. Two had more
than 20% loss to follow-up [7,25], and two did not describe infants lost to follow-up [8,26]. No study pub-
lished protocols prior to study implementation. Publication and small study bias could not be assessed as there
were only five studies.

Outcomes in all children

The effect of UNHS on the primary outcomes is presented in Table 2. The relative risk of any identification of
PBHL in infants with UNHS compared to infants without UNHS was 1.01 (95% CI=0.89, 1.14, three studies,
1023497 newborns, low certainty evidence; Figure S2.1 in the Online Supplementary Document).
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plementary Document).
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0.87,9.16, two studies, 104 newborns,
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The relative risk of identification of PBHL before
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mentary Document).

Supplementary Document). The relative risk of
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years between infants with UNHS compared to

S2.6in the Online Supplementary Document).
infants without UNHS was 0.60 z scores (95%

87 chil-

low cer-
tainty evidence, Figure S2.7 in the Online Sup-
dren, low certainty evidence, Figure S2.8 in the
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-0.20, 0.97, one study,

-0.03, 15.47, three studies, 334 children,
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very low certainty evidence, Figure S2.7 in the

in expressive language development was 0.39 z

ence in developmental quotients was 7.72 (95%
Online Supplementary Document). The SMD
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0.03,
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tary Document).
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Online Supplementary Document) and the
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S$2.8 in the Online Supplementary Document).
The mean difference in literacy at follow-up to
5-11 years was 0.58 z scores (95% CI

The mean difference in literacy at follow-up to
13-19 years was 0.15 z scores (95%CI

1.05, one study, 60 children, low certainty evi-
tary Document).
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Universal newborn hearing screening systematic review

Subgroups

There were insufficient data to assess effects in any subgroup. No studies provided data by gestational age, and
all were conducted in high-income settings.

DISCUSSION

Our systematic review and meta-analysis found that UNHS increased the proportion of infants diagnosed with
PBHL by nine months of age and improved the mean age of diagnosis by up to 13 months. There were also
increases in neurodevelopment (expressive and receptive language) in infants who received UNHS by eight
years, but very low certainty evidence showed no effect on literacy at 19 years. There was no effect of UNHS
on the proportion of children who were eventually identified with PBHL.
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To our knowledge, this is the first systematic review and meta-analysis on the effectiveness of UNHS. The ev-
idence in the review came from five observational studies recruiting newborns regardless of gestation or risk
factors. They were all conducted in high-income countries (UK, Australia, USA) with established screening
programs implemented between 1990 and 2005. Over one million infants participated in the screening pro-
grams and informed the primary analysis of effects on the eventual diagnosis of PBHL and age at diagnosis.
However, follow-up for neurodevelopmental outcomes only included infants with PBHL and, in most cases,
optimal information size was not met for these outcomes. Two of the included studies had a serious risk of
bias primarily due to a lack of adjustment for confounders [8,26]. Publication and small study bias could not
be assessed, as there were only five studies.

Other published studies comparing early and late UNHS [2,6,28], were not able to be included in the me-
ta-analysis, as they did not have concurrent or historical control groups without UNHS. These studies show
strong associations between early identification of hearing loss and improved child behaviour, quality of life
and neurodevelopment. However, many do not adjust for confounding biases. Other studies also report on
harms from UNHS such as parental anxiety and stress from waiting times for definitive testing and amplifica-
tion and false-positive results [29-31]. However, these studies could be included due to the lack of “no UNHS”
control groups.

Our study was also not designed to assess the diagnostic accuracy of UNHS devices. A recent systematic re-
view of 32 studies in high-income countries (1799863 screened infants) found high sensitivity, specificity,
and positive and negative predictive values for AABR and OAE, used alone or in combination (pooled sensi-
tivity =89%-100%, specificity=92%-100%, positive predictive values ranged from 2% to 84%, negative pre-
dictive values were 100%) [32].

We were also not able to do our planned subgroup analyses (country setting, gestational age, type of compar-
ator). All studies were conducted in high-income countries. No studies provided subgroup data on gestational
age. For the type of comparator (risk factor screening, distraction screening, no screening at all), effects ap-
peared similar across the different comparator groups, but the numbers were too small to draw conclusions.

Other limitations of our review were the lack of RCT data, as all studies were observational with historical or
concurrent controls. Also, there was substantial heterogeneity across studies. However, the strengths of our
review were the comprehensive search strategy and multiple databases searched, including those of qualitative
and programmatic scope. We also analysed all data using random effects models.

Our review has several programmatic implications. Screening programs must fulfil "screening criteria” [33,34],
including: cost and acceptability of screening tests, facilities for diagnosis and treatment, and ongoing case
findings. Screening programs can be considered unethical unless these criteria are met. UNHS AABR and OAE
devices are relatively cheap and can be used by midwives, nurses, or doctors; however, training, and support-
ive supervision are still needed [35,36]. Screening can also be performed in community health clinics in the
first postnatal month and in hospitals soon after birth [1,37]. However, children cannot be considered to have
hearing impairment until a definitive diagnostic test is done. Definitive testing is costly as it requires assess-
ment by a trained audiologist and audiologists can be difficult to access in remote areas and LMICs [37,38].
Children also require equipment such as hearing aids, and speech and language therapy, which can be expen-
sive and difficult to access [39,40].

However, families obviously change the way they interact with their babies as soon as they are told that
their baby cannot hear them [29,41,42]. This has a major impact on the babys quality of life and outcomes
[29,41,42]. Thus, many high-income countries are implementing a “1-3-6” process (with the aim to have the
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UNHS review group.

screen completed by one month, definitive test completed by three months, and early intervention services
in place by six months) with some moving to even earlier follow-ups, eg, “1-2-3” [1,3,6]. Also, many future
low-cost technological and digital innovations will change the landscape for the implementation of UNHS in
community and low-resource settings [1].

CONCLUSIONS

Our systematic review found that PBHL is eventually detected in all children, but UNHS programs improve the
age of identification by up to 13 months. Late diagnosis results in important impairments in language and cog-
nitive literacy and long-term functioning. We consider that UNHS should be implemented across high-, mid-
dle-, and low-income countries. However, these findings are based on five studies from high-income studies and
the certainty of evidence was low. More research is needed, especially from low- and middle-income countries.
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