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The impact of early identification of permanent
childhood hearing impairment on speech and

language outcomes

Hannah Pimperton, Colin R Kennedy

ABSTRACT

It is well established that permanent childhood hearing
impairment (PCHI) has a detrimental impact on speech
and language development. The past two decades have
seen the gradual introduction of universal newborn
hearing screening (UNHS) programmes coupled with
early intervention programmes. \We review studies

that have capitalised on the advent of newborn hearing
screening to assess the impact of early identification

of PCHI on language outcomes in deaf children. The
research supports the conclusion that, in children with
PCHI, newborn hearing screening and early identification
lead to beneficial effects on language development, with
the most consistent evidence provided for links between
early identification of PCHI and positive language
outcomes. Future research needs to encompass a wider
range of outcomes and to assess the impact of UNHS in
adolescents and young adults.

INTRODUCTION
Permanent childhood hearing impairment (PCHI)
refers to deafness in childhood that is not a tempo-
rary result of transient factors, such as middle ear
infections. PCHI can be congenital or acquired,
can affect a child unilaterally or bilaterally, and
can range in severity from mild (25-40 dB loss),
through moderate (40-70 dB loss) and severe
(70-95 dB loss), to profound (95+ dB loss). PCHI
affects all aspects of oral language acquisition,
as a child’s ability to access and extract infor-
mation from the oral language models around
them is compromised. Research has consistently
demonstrated the detrimental impact of PCHI
(the severity corresponding to the degree of hear-
ing impairment) on speech, language and literacy
development.!® Children born with PCHI are
particularly vulnerable to disordered and delayed
language development, as they experience audi-
tory deprivation during a ‘sensitive period’
for language acquisition in the first few months
of life.6-8

The decline in language learning ability and
efficiency with age that characterises the sen-
sitive period is underpinned by changes at the
neural level: the absence of appropriate language
input during the early sensitive period has a direct
impact on the neural pathways in the brain that
support language, whereas the same absence later
inlife does not.? 19 Furthermore, the structural and
functional changes to the brain that result from
early language deprivation can be reversed to
some extentif intervention in the form of electrical

What is already known on this topic

» The advent of universal newborn hearing
screening (UNHS) has made possible the
early identification of children with permanent
childhood hearing impairment.

» A number of research studies have capitalised
on this development to explore the effects of
early identification of hearing impairment on
later language outcomes.

What this study adds

» We provide a timely review of the evidence
regarding the effects of UNHS and early
identification on language outcomes in
children with hearing impairment.

» We discuss the implications of this evidence
for the concept of a ‘sensitive period’ for
language development, and for future
research and practice.

stimulation of the auditory pathway by a cochlear
implant is given early enough in life. The effect
is lost later indicating a greater degree of plastic-
ity in the brain during the first part of life,"'? and
demonstrating the need for the earliest possible
intervention for children with PCHI.13-23

Current UK policy is that newborn infants
are screened for hearing impairment as part of a
universal newborn screening (UNS) programme.
As with any screening programme, the justifica-
tion of the programme depends on a precise case
definition. In the instance of the UK UNS pro-
gramme for PCHI, a case was precisely defined
as a child with bilateral PCHI of >40 dB averaged
across four sound frequencies. This cut-off point
was selected because of the strength of the evi-
dence that losses of this degree or worse were
linked to clinically important impairment of lan-
guage development and subsequent life chances.
Specifically, the average reading age of children
with this degree of PCHI at age 17 years, accord-
ing to estimates in both the USA and the UK, is
equivalent to that of a 9 year old with normal
hearing.?4 2° Before the introduction of UNS for
PCHI across the whole of the UK in 2006, infants
were screened for hearing impairment using
the health visitor distraction test, which refers
infants for full hearing assessment if they fail to
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make attempts to localise sounds produced outside of their
visual field.?6 As this test is feasible only from approximately
7 months, many infants have already experienced several
months of degraded auditory input by the time of detection. In
addition, it is insensitive: Davis et /%% reported that use of this
screen in the UK resulted in almost half of infants with PCHI
remaining unidentified by the time they were 18 months old,
and about a quarter still unidentified by the time they were
3.5 years old.

UNS for PCHI became feasible because of the development
of two screening techniques, detection of transient evoked
otoacoustic emissions (TEOAEs)?” and automation of auditory
brainstem response (AABR) testing.?® These tests provided
alternatives to the distraction test that would identify infants
with PCHI more accurately, and at a much younger age.

The Wessex Trial?’ aimed to determine whether a two-stage
universal newborn screen comprising TEOAE detection and, in
children in whom these were not detected, AABR testing was
an effective way of picking up infants with PCHI at an earlier
age than had previously been possible with the health visitor
distraction test. This controlled trial involved teams of screen-
ers moving between two pairs of hospitals every 4—6 months
for 3 years between 1993 and 1996. This created two birth
cohorts of infants, one born in a period when universal new-
born hearing screening (UNHS) was available, and the other
born in a period when it was not; as a result of the controlled
design of the trial, the birth cohorts should have differed only
in terms of their exposure to newborn screening. Screening
using the health visitor distraction test continued throughout
the study, but the researchers reported that, during periods
when newborn screening was also available, the equivalent
of an extra 62 babies with PCHI per 100000 target popula-
tion, equivalent to about 50% of the expected population
prevalence of infants with PCHI of this degree, were referred
before the age of 6 months compared with periods without
newborn screening (number needed to treat (NNT) = 7.65).
After statistical adjustment for the effect of the severity of
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Figure 1 Cumulative percentage of all known cases of bilateral

permanent childhood hearing impairment >40 dB hearing level,
excluding acquired cases, in the population at age 7-9 years by birth
in periods with and without universal newborn screening (UNS).
Reproduced with permission from Lancet, vol 366, pages 660662,
copyright 1995 by Elsevier.
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hearing impairment, it was found that the odds of referral
before 6 months were 19 (95% CI 3.2 to 111.0) times higher
among babies born in a period when UNHS was available.

Eight years later, the researchers carried out a follow-up
study of the birth cohort enrolled in the Wessex Trial. This
length of follow-up period allowed the identification of all true
cases of PCHI, including instances of PCHI that were missed
by screening (false negatives) as well as cases of progressive
PCHI.3° They found that being born in a period when newborn
screening was available more than doubled the proportion of
all true cases of PCHI that were referred before 6 months, with
74% of cases born in periods with UNHS referred at less than
6 months of age, compared with only 31% of cases born in
periods without UNHS (figure 1).

The Wessex findings have been replicated in a number of
programmes worldwide.31-%¢ For example, Sininger et af’!
capitalised on the staggered introduction of newborn screen-
ing programmes in California to compare the average ages
of screened and non-screened children with bilateral PCHI
at diagnosis, fitting of amplification, and enrolment in inter-
vention. They found that screened children were significantly
younger at diagnosis (median age 25 months lower), at fitting
of hearing aids (24 months lower), and at enrolment in early
intervention (20 months lower). In a pre- and post-UNHS com-
parison, Weichbold et a®> showed that, at age 6 months, 69%
of the screened group (n=164) had been diagnosed and 61%
had begun intervention, while only 6% of the unscreened
group (n=154) had been diagnosed and only 4% had started to
receive intervention.

These studies indicate that UNHS programmes offer a more
effective way of picking up children with hearing impairment
early than previously used techniques such as health visitor
distraction screening. In the following sections of this paper
we will review evidence on the impact of UNHS and early
identification of PCHI on later speech, language and literacy
outcomes.

SEARCH STRATEGY AND SELECTION CRITERIA

References for this review were identified through searches of
PubMed using combinations of the MESH search terms ‘hear-
ing disorders’, ‘newborn screening’ and ‘language’, with no
restriction on dates of publication. Studies were selected for
inclusion in the review if they provided evidence on the impact
of UNHS, or of early identification of PCHI, on speech and lan-
guage outcomes. The included studies were rated for quality
using predefined USPSTF quality rating criteria, and quality
ratings are reported. Where possible, based on the informa-
tion provided in the papers, effect sizes (Cohen’s 4 for mean
comparisons) were calculated and reported to further facilitate
comparison of reviewed studies.

OUTCOMES AFTER UNHS

Abody of work undertaken by Yoshinaga-Itano and colleagues
in Colorado made an important early contribution to the
evidence base regarding the impact of exposure to newborn
screening for PCHI on later language outcomes.3? 4 Superior
speech and language outcomes were reported for children aged
9-61 months who had been born in hospitals that screened for
PCHI (table 1).

The researchers found a mean total LQ (the quotient of each
child’s language age on the receptive and expressive language
measures used and their chronological age, multiplied by 100)
of 82 for the screened group and 64 for the unscreened group
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Table 1 Summary of studies that have explored the impact of UNHS on speech and language outcomes
USPSTF
Age of sample at quality
Author Site testing (years) Language outcomes measured Numbers in sample Cohen's d rating
Yoshinaga-Itano 39 Colorado, USA 0-6 Receptive language 25 UNHS, 25 no UNHS 0.76 Poor*
Expressive language 25 UNHS, 25 no UNHS 1.04
Number of vowel types used 24 UNHS, 24 no UNHS 0.29
Number of consonant types used 24 UNHS, 24 no UNHS 0.58
Kennedy *' England 6-10 Receptive language 52 UNHS, 49 no UNHS 0.21 Goodt
Expressive language 46 UNHS, 41 no UNHS 0.12 (NS)
Speech ability 50 UNHS, 47 no UNHS 0.04 (NS)
McCann 42 England 6-10 Reading ability 51 UNHS, 51 no UNHS 0.21 Goodt
Korver 43 Netherlands 3-5 Receptive language 80 UNHS, 70 no UNHS 0.09 (NS) Fairt
Expressive language 80 UNHS, 70 no UNHS 0.14 (NS)
Number of words spoken 74 UNHS, 62 no UNHS 0.12 (NS)
Number of words signed 74 UNHS, 62 no UNHS -0.20
Sentence complexity 68 UNHS, 58 no UNHS 0.03 (NS)
Mean length of longest utterance 62 UNHS, 53 no UNHS 0.02 (NS)
Fitzpatrick et a/** Ontario, Canada ~ 2-5 Receptive language 20 UNHS, 31 no UNHS —0.11 (NS) Poort
Expressive language 20 UNHS, 31 no UNHS 0.03 (NS)
Speech production 17 UNHS, 35 no UNHS 0.10 (NS)
Receptive vocabulary 17 UNHS, 36 no UNHS 0.06 (NS)

Cohen’s d=M for early confirmed group and —M for late confirmed group/pooled SD. NS, no significant differences between group means.

*USPSTF rating from Thompson et al.%®
tUSPSTF rating from Nelson et a/.*®
$Rating from current authors according to predefined USPSTF criteria.

UNHS, universal newborn hearing screening; USPSTF, United States Preventive Services Task Force.
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Figure 2 Discrepancy between cognitive quotient (CQ) and language
quotient (LQ) by age of identification of hearing loss for children with
normal cognition. Reproduced with permission from Pediatrics, vol
102, pages 1161-1171, copyright 1998 by the American Academy of
Pediatrics.

(figure 2); this placed the screened group mean within the nor-
mal range of language ability (>80).

In England, Kennedy and colleagues capitalised on the
experimental design of the Wessex Trial to carry out a pop-
ulation-based follow-up study, with the aim of establishing
whether being born in a period when UNHS was available was
associated with improved speech and language outcomes.*!
The children from the Wessex Trial birth cohort were aged 7-9
years at the time of this follow-up study, and were combined
with an additional cohort aged 6-10 years from four districts
in Greater London, two of which were the only districts in this
region to offer UNHS when these children were born, and two
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neighbouring districts which had not had UNHS programmes
in place. Children who underwent UNHS showed significantly
better receptive language and reading ability*! > than those
who were not exposed to UNHS, but differences between the
two groups in terms of their expressive language and speech
ability were not significant (table 1).

In the Netherlands, Korver et al*3 compared developmental
outcomes of children with congenital PCHI in regions that
had introduced UNHS with those of children in regions
that were still distraction screening. The UNHS group showed
non-significant advantages relative to the distraction screened
group on parent-completed measures of receptive and expres-
sive language and number of spoken words (table 1). Conversely,
the mean number of words signed was significantly higher in
the distraction screened group. As with the studies of Kennedy
and colleagues,*! #? these analyses controlled for factors that
may have influenced group differences—in this case, maternal
education level and age at assessment.

A Canadian study** examined the speech and language
abilities of 65 children with PCHI aged 5 years and under
(26 screened as newborns, 39 not screened as newborns) and
found no significant differences in performance between the
screened and unscreened groups on any of the speech and lan-
guage measures used (table 1), leading them to conclude that
improved language skills after exposure to a newborn screen-
ing programme were ‘not demonstrable in the context of this
study’. It is possible that the small number of participants
recruited to the study may have rendered it statistically under-
powered to detect any differences between the two groups,
or that assessing the children in the first few years after they
were diagnosed may not have provided sufficient scope for the
long-term benefits of newborn screening on language devel-
opment to manifest themselves. However, even in the studies
discussed previously that had much larger sample sizes*® and
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that worked with older children,* #2 the association between
birth during periods of UNHS and superior speech and lan-
guage outcomes was by no means unequivocal (table 1).

The picture is further complicated by the fact that some of
the studies discussed above had serious methodological limi-
tations (as highlighted in USPSTF systematic reviews), includ-
ing observational rather than experimental study design and
the use in some studies of convenience rather than population-
based samples, and of non-blinded assessments.?® 47 In the
more recent of the USPSTF systematic reviews, Nelson et a/*®
rated the study of Kennedy and colleagues' as being ‘good
quality’, but even in that study, the superiority of language
ability in children born in periods with UNHS reached statisti-
cal significance only for receptive, and not for expressive lan-
guage or speech, skills.

One reason for these modest effect sizes may be that being
born in a period when newborn screening is available is, in
practice, a somewhat indirect proxy for the variables that
are actually likely to impact on speech and language ability,
namely early diagnosis and subsequent early intervention.
Although newborn screening undoubtedly enhances the
likelihood of early diagnosis, figures provided by the authors
of the studies discussed above confirm that the relationship
between newborn screening and early confirmation of PCHI is
not absolute. Kennedy et a/*! found that 67% of their screened
group of children with PCHI had their hearing impairment
confirmed before 9 months of age, compared with 27% of
their unscreened group, suggesting that not all screened chil-
dren have their deafness diagnosed early and that not all
unscreened children have it diagnosed later. Furthermore,
Korver et al*3 reported that being born in a period when UNHS
is available is no guarantee that an infant will be screened at
birth, and vice versa. This lack of a one-to-one link between
newborn screening and early diagnosis may have contributed
to the lack of clear findings in those studies that have explored
the relationship between newborn screening and later lan-
guage outcomes. Thus we will now go on to discuss studies
that have looked directly at the impact of early confirmation
of PCHI on language development.

OUTCOMES AFTER EARLY IDENTIFICATION

To supplement the investigations reported above on the
impact of newborn screening on language development, both
Kennedy et al in England and Yoshinaga-Itano et al in the USA
also examined the impact of age of confirmation of PCHI on
the language outcomes of their samples*! 42 46-48 (table 2).

In the English sample, compared with the relationship
between newborn screening and later language benefit, stron-
ger links between early confirmation and improved language
outcomes were found,*! as evidenced by the larger effect sizes
reported in table 2. The early confirmed group (PCHI con-
firmed before 9 months) showed significantly superior recep-
tive and expressive language skills to the late confirmed group
(PCHI confirmed after 9 months). A subsequent more detailed
exploration of the expressive language abilities of the early and
late confirmed groups through analysis of their spoken nar-
ratives revealed a more nuanced picture: early confirmation
brought benefits to some aspects of expressive language, but
not to other aspects*S (table 2). In terms of literacy outcomes,
the benefit to word reading and reading comprehension ability
that was associated with early confirmation was significant,
and substantially more robust than that associated with expo-
sure to newborn screening®? (table 2).

Arch Dis Child 2012;97:648—653. doi:10.1136/archdischild-2011-301501

Yoshinaga-Itano et al*’ compared the receptive and expres-
sive language of two groups of children from the Colorado
cohort described above with the groups in this study formed
on the basis of whether each child’s PCHI was diagnosed
before or after 6 months of age rather than whether or not
they were screened at birth. They found that, in those children
with cognitive ability in the normal range, the early identi-
fied group were rated by their parents as having significantly
better receptive and expressive language abilities than the late
identified group (table 2), with this effect holding regardless of
age, degree of hearing loss, socioeconomic status and primary
communication mode.

Taken together, the above evidence from group compari-
son paradigms provides strong overall support for a benefi-
cial effect of early identification of PCHI on later language
outcomes. A study by Wake and colleagues in Australia,*
however, reported that performance onlanguage and reading
measures in 7-8-year-old children with PCHI was strongly
related to the severity of their hearing impairment but not to
the age at which it was diagnosed. This study used a differ-
ent approach from those described previously; their analysis
focused not on comparing groups but on exploring relation-
ships between key variables using regression models. The
fact that degree of hearing impairment was a much better
predictor of later language outcomes than age of diagnosis in
this study stands in contrast with the findings of the other
studies discussed above that indicated that, at a group level,
children identified earlier have superior language, even when
their level of hearing impairment is taken into account. This
does sound a note of caution against drawing any decisive
conclusions about links between early identification and lan-
guage outcomes. However, various aspects of the study of
Wake et al have been identified as potential contributors to
this negative effect,*> namely the inclusion of children with
only mild PCHI, a relatively low ascertainment rate from
the cohort of eligible participants, and very small numbers
(11 cases) of children whose PCHI was identified before 6
months.

CONCLUSIONS

Our review has shown that exposure to UNHS and early iden-
tification of PCHI are associated with benefits to language
development in deaf children, with more consistent evidence
provided for links between early identification and positive
language outcomes. The relationship between early identifi-
cation and superior language outcomes is likely to be medi-
ated by intervention: early identification must be coupled with
comprehensive early intervention programmes to improve
the quality of the language input for children with PCHI (eg,
advice for parents on how best to support their child’s com-
munication in either the oral or manual modality, amplifica-
tion using hearing aids, fitting of cochlear implants) during
the first few months of life—a sensitive period for language
development.®® The two studies reviewed in this paper that
found benefits of ‘early’ identification on language outcomes
used cut-off points for early identification of 6 months*” and 9
months*!, suggesting a time window for the ability to maxi-
mally benefit from intervention following early identification
that ends before the age of 1 year.

To date, all the available evidence on the impact of UNHS and
early identification of PCHI on language outcomes has come
from studies carried out in developed countries. In this issue,
Olusanya®! provides an overview of the unique challenges and
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Table 2 Summary of studies that have explored the impact of early identification of permanent childhood hearing impairment on speech and
language outcomes

Age of USPSTF
sample at Cohen’s d/ quality
Author Site testing (years)  Language outcomes measured Numbers in sample key findings rating
Yoshinaga- Colorado, USA  1-3 Receptive language 72 <6 months, 78 >6 months d=1.04 Poor*
Itano et al*’
Expressive language 72 <6 months, 78 >6 months d=1.03 Goodt
Kennedy et al*! England 6-10 Receptive language 45 <9 months, 56 >9 months ~ d=0.30
Expressive language 39 <9 months, 48 >9 months d=0.21
Speech ability 44 <9 months, 51 >9 months d=0.10 (NS)
McCann et a/*? England 6-10 Reading ability 45 <9 months, 57 >9 months d=0.28 Good#
Worsfold etal*®  England 6-10 Number of sentences 41 <9 months, 48 >9 months d=0.24 Good#
Number of categories of high-frequency 41 <9 months, 48 >9 months 0.30
morphological markers
Number of categories of low-frequency 41 <9 months, 48 >9 months d=0.03 (NS)
morphological markers
Number of sentences with multiple clauses 41 <9 months, 48 >9 months Ordinal outcomes:
Phonological simplifications 41 <9 months, 48 >9 months  the <9 month
Narrative structure 41 <9 months, 48 >9 months grou_p_ showed .
. significantly superior
Narrative content 41 <9 months, 48 >9 months narrative structure
and content.
No significant
differences between
the groups in terms
of use of phonological
simplifications or
sentences with
multiple clauses
Wake et al*® Australia 7-8 Receptive language 80 children completed all Regression analyses: Fairt

Expressive language

measures. Age at diagnosis
ranged from 1-53 months

age at diagnosis
did not account for

Receptive vocabulary
Speech ability
Reading ability

significant amounts
of variance in any

of the speech,
language and reading
measures, with

the exception of
receptive vocabulary

Cohen’s d=M for early confirmed group and —M for late confirmed group/pooled SD. NS, no significant differences between group means.

*USPSTF rating from Thompson et al.3®

tUSPSTF rating from Nelson et al.*5

$Rating from current authors according to predefined USPSTF criteria.
USPSTF, United States Preventive Services Task Force.

opportunities surrounding newborn hearing screening in the
developing world.

Looking to the future, it is less than 20 years since truly
population-based UNHS was first piloted, and, partly for
this reason and partly because of the challenges of undertak-
ing any longitudinal study over periods in excess of a decade,
studies of UNHS to date have used samples of preschoolers
and young children, and more rarely, children in middle child-
hood. Consequently, the impact of UNHS, early identification
and early intervention on outcomes in deaf teenagers is not
yet known. There is also a need to go beyond looking solely at
speech and language skills as the benchmarks of success, and
consider outcomes in deaf young people that are more directly
relevant to their day-to-day lives, such as educational achieve-
ment, employment, quality of life, and—of particular impor-
tance in adolescents—social and emotional functioning.
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