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Introduction
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Child 

outcomes

Hearing loss

Moderate or worse 

(>40 dB HL)

Prevalence <1%

Outcomes Speech, language, academic performance, 

behaviour and health-related quality of life

Shargorodsky et al. JAMA (2010)

Hearing policy Universal newborn hearing screening

Treatments Hearing aids, cochlear implants and assistive 

devices

Introduction: why slight-mild hearing loss?
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Introduction: why slight-mild hearing loss?

Child 

outcomes

Hearing loss

Moderate or worse 

(>40 dB HL)

Prevalence <1%

Outcomes Speech, language, academic performance, 

behaviour and health-related quality of life

Slight-mild

(16-40 dB HL)

14.2%

Limited knowledge

Shargorodsky et al. JAMA (2010)

Hearing policy Universal newborn hearing screening

Treatments Hearing aids, cochlear implants and assistive 

devices

?

?

Population-level outcomes of slight-mild hearing loss is a pre-requisite for:

❑ Policy regarding systematic detection efforts;

❑ What (if any) services should be available for children with slight-mild hearing loss.
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Introduction: What are the gaps?

Child outcomes of slight-mild hearing loss are poorly documented and inconsistent.

❑ Slight-mild hearing loss encompasses a wide 

range of hearing thresholds (16 to 40 dB HL)

Whether this generates varying outcomes across 

that range?

Late childhood when behaviours and 

competencies begin to consolidate into forms 

that persist into adulthood

❑ Existing studies are skewed towards early 

childhood

❑ Existing studies are likely to be biased 

towards those experiencing difficulties by 

involving children who have presented for 

intervention or other services

Overestimate the impact
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Introduction

Aims:

In a population-based cross-sectional sample of 11- to 12-year-old children, we aimed 

to investigate the associations of 1) hearing thresholds and 2) slight-mild hearing loss 

with academic, behavioural and health-related quality of life (HRQL) outcomes.
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Methods
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❖ Longitudinal Study of 

Australian Children (LSAC)

• Australia’s largest, and only 

nationally-representative, 

children’s longitudinal study

• In 2004, LSAC recruited a 

sample of 5,107 Australian 

infants and has since followed 

children and their families 

biennially

❖ The Child Health CheckPoint

• A single cross-sectional data 

collection wave focusing on physical 

health and biomarkers between 

wave 6 (2014) and wave 7 (2016)

2004

Study design and participants
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Sample size (The Child Health CheckPoint)

Total participants = 1,874
Total centre visits = 1,509
Total home visits = 365

Feb 2015 to Mar 2016
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Procedures

0 min 1 hr 2 hr  3 hr           

Child

Parent

Children and one parent attended an assessment centre

Air-conduction audiometry

Tympanometry

Sentence repetition

Health-related quality of life 

(HRQL)

Receptive vocabulary
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Core Measures
W1

0-1y

W2

2-3y

W3

4-5y

W4

6-7y

W5

8-9y

W6

10-11y

CheckPoint

11-12y

Air-conduction audiometry (exposures)

High Fletcher index (mean of 1, 2, 4 kHz, better and worse ear) ●

Bilateral slight-mild (16-40 dB HL) hearing loss ●

Unilateral slight-mild (16-40 dB HL) hearing loss ●

Core measures
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Core Measures
W1

0-1y

W2

2-3y

W3

4-5y

W4

6-7y

W5

8-9y

W6

10-11y

CheckPoint

11-12y

Air-conduction audiometry (exposures)

High Fletcher index (mean of 1, 2, 4 kHz, better and worse ear) ●

Bilateral slight-mild (16-40 dB HL) hearing loss ●

Unilateral slight-mild (16-40 dB HL) hearing loss ●

Child outcomes

Standard academic achievement (NAPLAN year 5) ●

Teacher-reported learning ●

Behaviour (SDQ), teacher-report, parent-report ●

Language (sentence repetition, receptive vocabulary) ●

Health-related quality of life (CHU9D, PedsQL 4.0), self-report ●

Potential confounders

Age, sex, gestational age, neighbourhood disadvantage

Core measures

Linear regression
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Results
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LSAC Wave 1 B-cohort (0 to 1 year old)

n = 5107

LSAC Wave 6 B-cohort (10 to 11 years old)

n = 3764

Child Health CheckPoint (11 to 12 years old)

n = 1874

Normal hearing

n=1151

No consent for contact from CheckPoint: n=251

Unable to schedule: n=1341

Declined or withdrew: n=298

With pure-tone audiometry

n=1488

Unilateral slight-mild HL

n=195 (13.1%)

Bilateral slight-mild HL

n=137 (9.2%)

Exclude moderate or worse HL : n=5

With one of the outcomes

n=3733

With HRQL or language

n=1868

With SDQ, NAPLAN or teacher-reported learning

n=3732

Analytic sample

n=1483

With hearing and outcome data

n=1488

Participant flow chart

HRQL, health-related quality of life; LSAC, Longitudinal Study of Australian Children; NAPLAN, National Assessment 

Program - Literacy and Numeracy; SDQ, Strengths and difficulties questionnaire.
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Characteristics
Children’s values 

(n=1483)

Demographics

Age (years) 11.4 (0.5)

Male sex, % 49.8

Gestational age (weeks) 39.0 (3.8)

Neighbourhood disadvantage 1026 (61)

Hearing status

High Fletcher index, better ear (dB HL) 8.0 (5.7)

High Fletcher index, worse ear (dB HL) 12.4 (6.3)

Sight-mild (16-40 dB HL) bilateral hearing loss, % 9.2

Sight-mild (16-40 dB HL) unilateral hearing loss, % 13.1

Sample characteristics; values are mean (SD) except where specified as %
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Hearing thresholds and child outcomes: linear regression

Outcomes
Children’s values 

(n=1483)

1-SD increment in hearing threshold

Effect size, 95% CI 

Academic Outcomes

Objective

NAPLAN reading 532 (78)

NAPLAN written language 509 (63)

NAPLAN numeracy 517 (72)

Receptive vocabulary 1.6 (1.5)

Sentence repetition 10.1 (2.8)

Teacher-reported learning

Language and literacy 3.9 (0.8)

Math thinking 3.5 (0.8)

Approach to learning 3.4 (0.7)

Behaviour

Parent report

Internalizing 2.8 (2.1)

Externalizing 2.7 (1.7)

Teacher report

Internalizing 1.2 (1.8)

Externalizing 1.5 (1.7)

HRQL

CHU9D 0.8 (0.2)

PedsQL Physical 84.3 (12.5)

PedsQL Psychosocial 77.0 (13.9)

1-SD increment hearing threshold: 

Better ear: 5.7 dB HL

Worse ear: 6.3 dB HL

Effect sizes 0.06 to 0.11 SDs

↑ 𝒃𝒆𝒕𝒕𝒆𝒓

↑ 𝒃𝒆𝒕𝒕𝒆𝒓

↑ 𝒘𝒐𝒓𝒔𝒆
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Slight-mild hearing loss and child outcomes: linear regression

Outcome measures
Normal hearing (Ref) Slight-mild hearing loss

Mean (SD) Mean difference, 95% CI

Academic Outcomes

Objective

NAPLAN reading 535 (79)

NAPLAN written 510 (63)

NAPLAN numeracy 519 (71)

Receptive vocabulary 1.6 (1.5)

Sentence repetition 10.2 (2.8)

Teacher-reported learning

Language and literacy 3.9 (0.7)

Math thinking 3.6 (0.8)

Approach to learning 3.4 (0.6)

Behaviour

Parents’ report

Internalizing 2.7 (2.1)

Externalizing 2.7 (1.7)

Teacher’s report

Internalizing 1.2 (1.8)

Externalizing 1.5 (1.7)

HRQL

CHU9D 0.8 (0.2)

PedsQL Physical 84.8 (12.0)

PedsQL Psychosocial 77.3 (13.7)

Mean differences 0.2 to 0.3 SDs

↑ 𝒃𝒆𝒕𝒕𝒆𝒓

↑ 𝒃𝒆𝒕𝒕𝒆𝒓

↑ 𝒘𝒐𝒓𝒔𝒆
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Outcome measures
Normal hearing (Ref) Slight-mild hearing loss

Mean (SD) Mean difference, 95% CI

Academic Outcomes

Objective

NAPLAN reading 535 (79)

NAPLAN written 510 (63)

NAPLAN numeracy 519 (71)

Receptive vocabulary 1.6 (1.5)

Sentence repetition 10.2 (2.8)

Teacher-reported learning

Language and literacy 3.9 (0.7)

Math thinking 3.6 (0.8)

Approach to learning 3.4 (0.6)

Behaviour

Parents’ report

Internalizing 2.7 (2.1)

Externalizing 2.7 (1.7)

Teacher’s report

Internalizing 1.2 (1.8)

Externalizing 1.5 (1.7)

HRQL

CHU9D 0.8 (0.2)

PedsQL Physical 84.8 (12.0)

PedsQL Psychosocial 77.3 (13.7)

↑ 𝒃𝒆𝒕𝒕𝒆𝒓

↑ 𝒃𝒆𝒕𝒕𝒆𝒓

↑ 𝒘𝒐𝒓𝒔𝒆

Slight-mild hearing loss and child outcomes: linear regression
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Discussion
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Strengths

• Population-based sample

• Slight-mild hearing loss

• Standardized air-conduction audiometry

• A comprehensive range of child outcomes
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Limitations

• Lack of bone-conduction audiometry

• Some child outcomes from LSAC wave 6 (NAPLAN, behaviour, teacher-reported learning)

• Residual confounding (e.g. infection, antibiotic treatment, noise exposure)
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Interpretations in light of other studies

• Limited and 

inconsistent results 

for slight-mild 

hearing loss

• Hearing thresholds

Principal Findings

Continuous hearing thresholds 

and slight-mild hearing loss 

show small associations with 

some child outcomes.

Our study Previous study

Mean hearing threshold 20 dB HL 37 dB HL

Outcomes Language, teacher-

reported learning,

PedsQL physical

Academic difficulty

language, behaviour, 

social support, self-

esteem

Effect size 0.2-0.3 SDs 0.3-0.8 SDs

16 

dB HL

40 

dB HL


Concerning:

• Hearing loss of ageing has significant associations with 

accelerated multi-domain cognitive decline and dementia in the 

elderly. 
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Conclusions and Implications

❖ Continuous hearing thresholds and slight-mild hearing loss show small associations 

with some child outcomes, suggesting that early identification could have benefits.

❖ However, justifying hearing screening for slight-mild hearing loss in school-aged 

children, much work needs to be done.

o Developmental trajectories of slight-mild hearing loss and outcomes

o Comorbidities (e.g. middle ear infection, tinnitus)

o Effective management of slight-mild hearing loss
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