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ORIGINAL ARTICLE

Ear and hearing outcomes in Aboriginal infants living in an urban Australian area: 
the Djaalinj Waakinj birth cohort study

Tamara Veselinovi�ca,b , Sharon A. Weeksa, Valerie M. Swifta, Natasha R. Morrisona, June E. Doylea,  
Holly J. Richmonda, Eman M. A. Alenezia,c , Karina F. M. Taoa,d , Peter C. Richmonda,e, Robyn S. M. Choia,b ,  
Wilhelmina H. A. M. Muldersb, Helen Gouliosb, Deborah Lehmanna� and Christopher G. Brennan-Jonesa,d,f�

aWesfarmers Centre of Vaccines and Infectious diseases, Telethon Kids Institute, The University of Western Australia, Perth, Australia; bSchool of 
Human Sciences, The University of Western Australia, Perth, Australia; cFaculty of Allied Health Sciences, Kuwait University, Kuwait City, Kuwait; 
dPerth Children’s Hospital, Perth, Australia; eDiscipline of Paediatrics, School of Medicine, The University of Western Australia, Perth, Australia; 
fSchool of Allied Health, Faculty of Health Sciences, Curtin University, Perth, Australia 

ABSTRACT 
Objective: Describe the ear and hearing outcomes in Aboriginal infants in an Australian urban area.
Design: Aboriginal infants enrolled in the Djaalinj Waakinj prospective cohort study had ear health 
screenings at ages 2-4, 6-8 and 12-18 months and audiological assessment at �12 months of age. 
Sociodemographic, environmental characteristics, otoscopy, otoacoustic emissions, tympanometry and vis
ual reinforcement audiometry data were collected.
Study Sample: 125 infants were enrolled in the study; 67 completed audiological assessment, 62, 54, and 
58 of whom attended ear screenings at 2-4, 6-8 and 12-18 months.
Results: Of the children that attended the audiological assessment, 36.5%, 50% and 64.3% of infants had 
otitis media (OM) at 2-4, 6-8 and 12-18 months. Using a 10 dB correction factor, 44.8% of infants had hear
ing loss (HL) (� 25 dB HL) at � 12 months of age. More males (X2¼5.4 (1df, p¼ 0.02)) and infants with 
OM at audiological assessment (X2¼5.8 (1df, p¼ 0.02)) had HL. More infants that used a pacifier at 12- 
18 months of age had HL (X2¼4.7 (1df, p¼ 0.03)).
Conclusion: Aboriginal infants in an urban area have high rates of HL and OM, which requires early sur
veillance and timely treatment to reduce the medical and developmental impacts of OM and HL.
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Introduction

OM is a common middle ear condition which impedes sound 
transmission and reduces hearing sensitivity and can result in 
mild to moderate conductive hearing loss in children (Cai et al. 
2018), which can have debilitating effects on speech, language, 
education, cognition, and social development, impacting socio- 
economic circumstances, health and well-being in both child
hood and adulthood (Williams and Jacobs 2009; Brennan-Jones 
et al. 2020). Longitudinal studies show early life OM (untreated) 
can impact hearing and binaural processing later in life as well 
as educational and attention behaviours (Altamimi et al. 2023; 
Graydon et al. 2017). A data linkage study by Su et al. (2020) 
showed that Aboriginal children in the Northern Territory with 
hearing impairment had increased risk for developmental vulner
ability. Sch€onweiler et al. (1998) showed that increased speech 
and language pathologies and lower auditory perception skills 
were found in pre-school aged children with fluctuating conduct
ive hearing loss, which was often not detected early enough 
(Sch€onweiler et al., 1998). However, findings from a longitudinal 
pregnancy cohort study in the general Western Australian popu
lation showed contradicting evidence that demonstrate no long- 

term benefit of ventilation tube insertion with regards to hearing 
and middle ear health (Alenezi et al. 2022).

Conductive hearing loss is more common in Aboriginal 
and/or Torres Strait Islander children than the general 
Australian child population (Australian Institute of Health and 
Welfare & Australian Institute of Family Studies 2014). To date, 
most research in this area has focused on the prevalence of con
ductive hearing loss in remote areas (Kaspar and Leach 2020). 
However, most (79%) Aboriginal and/or Torres Strait Islander 
people live in urban areas (Jennings et al. 2021). Consequently, 
investigating the burden of conductive hearing loss in an urban 
Aboriginal and/or Torres Strait Islander population is important, 
as demographic, geographic, climatic, historical, and social fac
tors, including access to services, are different to those living in 
rural and remote areas (Eades et al. 2010). Guidelines have now 
been developed for Aboriginal and/or Torres Strait Islander 
infants in Western Australia (WA) for early OM screening at 
routine child health visits from two months of age (Western 
Australia Child and Adolescent Health Services 2020). However, 
this is still in the process of being implemented and does not 
include a routine hearing assessment before school age.
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OM has been found to occur in up to 95% of Aboriginal 
infants as early as 2 months of age living in remote areas 
(Boswell and Nienhuys 1996), and continues to have a high 
prevalence after the first year of life when compared to non- 
Aboriginal children (Jervis-Bardy et al., 2014). To our know
ledge, there is only one published community-based prospective 
study of the prevalence of hearing loss in Aboriginal and/or 
Torres Strait Islander infants under one year of age (Lehmann 
et al. 2008a). The Kalgoorlie Otitis Media Research Project 
(KOMRP) was conducted in and around a regional mining town 
in WA and found that more than 60% of Aboriginal infants had 
hearing loss at 6-11 months of age compared to 20% of non- 
Aboriginal infants of the same age. The prevalence of hearing 
loss and impact of OM in young infants has not been explored 
globally and not yet reported for young Aboriginal infants living 
in an Australian urban area. The Djaalinj Waakinj cohort study 
enrolled urban Aboriginal infants soon after birth and followed 
them to 12-18 months of age to determine the prevalence of and 
risk factors for OM and hearing loss. The proportion of children 
with OM was 35% at 2-4 months of age, and 49% at 6-8 and 12- 
18 months of age (Richmond et al. 2023). Among children in the 
cohort, prior OM was a strong predictor of OM at 12-18 months 
of age (Richmond et al. 2023). In a brief research letter, we have 
reported that 68.9% of 67 infants in this cohort had hearing loss 
at �12 months of age (Veselinovi�c et al. 2022). However, in view 
of the issues around visual reinforcement audiometry (VRA) 
interpretation in infants, correction factors should be considered 
for a more accurate estimation of hearing loss in the cohort 
(British Society of Audiology 2014). This is because a minimum 
response level (MRL) rather than a hearing threshold estimate in 
infants under 12 months is often obtained with VRA (Norrix 
2015; Widen 1990). The British Society of Audiology clinical 
guidelines suggest that for 7-12-month-olds tested in a free field 
environment, such as in the study of Veselinovi�c et al. (2022), 
responses are approximately 10 dB better relative to adult thresh
olds (from 500 – 4000 Hz). As such, the estimated proportion of 
infants with hearing loss previously reported using VRA may be 
an over-estimation of infants with hearing loss.

This paper presents i) ear and hearing outcomes from the 
Djaalinj Waakinj cohort study in greater depth than previously 
published in a brief research letter (Veselinovi�c et al., 2022), ii) 
associations between sociodemographic/environmental character
istics and prior documented OM and subsequent hearing loss at 
�12 months of age and iii) a comparison between our study clas
sification of hearing loss based on VRA responses (with a correc
tion factor) and other international classifications.

Methods

The Djaalinj Waakinj (meaning ‘listening, talking’ in Noongar 
language) urban Aboriginal birth cohort study was established in 
2017 in Perth, WA, to determine the prevalence of OM, OM- 
related hearing loss and associated risk factors in urban 
Aboriginal and/or Torres Strait Islander infants. A detailed meth
odology has been published (Swift et al. 2020). Here we discuss 
the methods used in the study relevant to the assessment of ear 
and hearing health.

Cultural governance and community engagement

An Aboriginal Community Advisory Group (ACAG) of 12 
Aboriginal community members was established to provide a 
community voice and cultural governance for the project. The 

ACAG was consulted quarterly regarding all decisions, results, 
and future directions of the study (Swift et al. 2020).

Recruitment and enrolment protocol

Infants were recruited antenatally, soon after birth or referred 
before 12 weeks of age by health services in the south metropol
itan region of Perth. An Aboriginal Research Assistant (ARA) 
and a Registered Nurse (RN) conducted home visits and 
explained the study to participants’ parents. The inclusion crite
ria for the study were: being an Aboriginal and/or Torres Strait 
Islander child living in the south metropolitan area of Perth, 
intending to remain in the area for 18 months, and informed 
consent given. Infants who met the inclusion criteria were 
enrolled before 12 weeks of age. Demographic, obstetric, social, 
and environmental data were collected at enrolment and, for 
time-dependant variables, again at subsequent visits.

Ethical considerations

Ethical approvals to conduct the Djaalinj Waakinj study were 
obtained from the Western Australian Aboriginal Human Ethics 
Committee (WAAHEC #759) and Child and Adolescent Health 
Services Human Research Ethics Committee (CAHS HREC #12).

Routine ear health screening

Routine ear health screenings were to be conducted by the ARA 
and RN in participants’ homes at 2-4, 6-8 and 12-18 months of age 
when a clinical history was also taken, and a general health check 
performed. NBHS results were documented based on available clin
ical reports at the 2–4-month visit. At each of the three routine ear 
screenings, otoscopy (using Welch Allyn) was used to inspect the 
ear canal and tympanic membrane. Tympanometry, using either 
the Titan Middle Ear Analyser (Interacoustics) or GSI 39 or MI 44 
tympanometers (Maico), was performed to assess middle ear func
tion if no ear discharge was seen on otoscopy; 1000 Hz probe tone 
was used to assess infants at 2-4 months of age and 226 Hz probe 
tone thereafter. An overall tympanometry classification was based 
on the results obtained for the worst ear.

At the 2-4-month routine screening, transient-evoked otoa
coustic emissions (TEOAEs) with an Otodynamics Otoport or 
distortion product otoacoustic emissions (DPOAEs) with a Titan 
Middle Ear Analyser were measured as an objective assessment 
of inner ear function, with the rationale previously reported 
(Swift et al. 2020). A pass result was obtained if OAEs with a sig
nal-to-noise ratio greater than 3 dB (TEOAEs) or 6 dB 
(DPOAEs) at four or more of the test frequencies (1-6 kHz) 
(Norton et al. 2000).

Infants with ear discharge visualised at any visit were referred 
to a general practitioner (GP) and/or Ear, Nose and Throat 
(ENT) specialists, and the RN/ARA provided advice on tissue 
spearing/aural toileting and health promotion advice for manag
ing discharging ears. For recurrent or persistent OM as deter
mined by abnormal tympanometry at two consecutive routine 
ear health screenings, infants were also referred to the above- 
mentioned health professionals. If there were further concerns at 
any time, the clinical audiologist referred infants to an appropri
ate health professional.
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Audiological assessment

An audiological assessment was to be conducted at 9-12 months 
of age by an audiologist in one of three community-based clin
ical settings. This assessment included otoscopy, tympanometry 
and VRA. The audiological assessment was at times completed 
outside the prescribed age range and often at the same time as 
the scheduled 12-18-month routine ear health screening.

Tympanometry results using a 1000 Hz probe tone (for 2-4-month 
routine ear health screening only) were classified by audiologists in 
accordance with the presence of a positive peak indicative of normal 
middle ear function and a negative or no peak, indicative of middle 
ear dysfunction (Kei et al. 2003). Tympanometry results using a 
226 Hz probe tone were classified by an audiologist according to ear 
canal volume, static compliance and tympanometric peak pressure 
values. The normative values used are shown in Appendix 1 
(Bluestone and Klein 2007). The overall tympanometry classification 
was based on the child’s worst ear. A classification of a type A tympa
nogram (normal) included bilateral type A or unilateral type A when 
the contralateral ear tympanogram result was unknown. A type B 
tympanogram included unilateral or bilateral type B or high-volume 
B results (the latter indicative of tympanic membrane perforation or 
grommet in situ). Bilateral type C tympanograms or unilateral type C 
with type A or unknown results in the contralateral ear were included 
as an overall type C tympanogram. Infants with overall type B or C 
tympanogram were classified as having an abnormal tympanogram, 
indicative of any OM, which was used throughout this paper when 
categorising infants with or without OM.

An overall diagnosis (for the worst ear) was provided by the 
audiologist based on otoscopy and tympanometry results. If these 
could not be confirmed, an unknown diagnosis was noted. The 
diagnostic classifications were normal, acute otitis media (AOM), 
eustachian tube dysfunction (ETD), otitis media with effusion 
(OME) or perforation/grommet. A normal diagnosis was deter
mined by normal otoscopic findings and bilateral Type A tympa
nograms. AOM was classified by bulging, pink/red TM and type 
B tympanogram, ETD by normal, retracted, and/or dull TM oto
scopic findings and type C tympanogram, and OME by normal, 
retracted, and/or dull TM and type B tympanogram. 
Perforation/grommet were classified by otoscopic observation 
(visible perforation or grommet in situ) and, where possible, 
with high volume type B tympanograms (at least unilaterally); 
however, if middle ear discharge was present then tympanometry 
was not performed but classified as a high-volume B.

VRA was performed in a sound-treated room, and frequency-spe
cific hearing response levels were obtained in the free field using 
observed localisation cues. GSI 61, Interacoustics Equinox and 
MedRx Avant audiometers were used with warble or filtered narrow
band noise stimuli at 500, 1000, 2000 and 4000 Hz presented through 
loudspeakers at a 1 m distance and an angle of 90� from the child’s 
ears. Average hearing responses, calculated from thresholds obtained 
for the better hearing ear, were used to classify degree of hearing loss. 
For this study, an average hearing response of 25 dB HL was classified 
as normal hearing, 26-40 dB HL as mild hearing loss, 41-60 dB HL as 
moderate hearing loss, 61-90 dB HL as severe hearing loss and 
>90 dB HL as profound hearing loss (Clark 1981).

Data analysis

Filemaker Pro version 15 was used for data storage. IBM SPSS 
Statistics software v28.0.0.0 (190) and Microsoft Excel were used 
for data analysis. Descriptive statistics were used to report demo
graphic, obstetric and environmental risk factors, as well as 

otoscopy and OAE findings. For categorical variables, Pearson’s 
X2 test and Fisher’s Exact test (where the expected cell count was 
<5) were used to determine differences between groups of inter
est. Due to the small sample size, more detailed analysis of risk 
factors for hearing loss could not be conducted.

A correction factor of 10 dB was applied to overall and fre
quency-specific minimum hearing response levels (British Society 
of Audiology 2014), which was then used to recalculate mean 
hearing responses. We compared the above-mentioned classifica
tion of hearing loss used in this study with other classifications: 
applying the Global Burden of Disease (GBD) Hearing Loss 
Expert Group guidelines for hearing loss classification, the aver
age hearing response �20 dB HL were re-classified as normal 
hearing, 21-34 dB HL as mild HL, 35-50 dB HL as moderate HL, 
51-64 dB HL as moderately severe HL, 65-80 dB as severe HL 
and >80 dB HL as profound hearing loss (Stevens et al. 2013). 
Hearing responses were also re-classified as disabling hearing 
impairment, which was determined by average responses greater 
than 30 dB HL (World Health Organisation 2018). Independent 
samples t-test was used to compare mean hearing responses 
(four-frequency average) between groups of interest. One-way 
ANOVA was used to compare mean hearing loss of infants in 
those with 0, 1 or 2 prior OM events. In all analyses, a P value 
<0.05 was considered statistically significant.

Results

Characteristics of all study participants

In the Djaalinj Waakinj cohort, 52.8% (66/125) of participants 
were male. Twenty-one (16.8%) of the 125 enrolled infants were 
not seen at the 2-4-month visit. Of the 99 infants with docu
mented NBHS results, 96.9% (96/99) passed (bilaterally) and 
3.1% (3/99) did not pass (at least unilaterally).

Although OAEs were part of the first ear health screening 
test battery, for 53.5% (53/99) of the infants, OAEs could not 
be performed at the home visit and for 25.3% (25/99) of 
infants the results were not valid (likely due to background 
noise in the home environment). Successful results were there
fore only obtained (at least unilaterally) in 26.3% (26/99) of 
infants. Of these 26 infants, 92.3% (24/26) passed and 7.7% 
(2/26) failed.

Appendix 2 shows the sociodemographic, obstetric, and 
environmental characteristics of the 67 infants who attended 
the audiological assessment at �12 months of age compared to 
those infants who did not attend. More male infants had an 
audiological assessment than females (X2¼ 4.1 (1 df, p¼ 0.04)), 
and more infants whose mothers were non-smokers were 
tested than infants of mothers who smoked (X2¼ 4.8 (1 df, 
p¼ 0.03)).

Characteristics of audiological assessment participants

Table 1 shows the sociodemographic, obstetric, and environmen
tal characteristics (collected at enrolment or on day of assess
ment) of the 67 study participants who had an audiological 
assessment. The mean age of infants who had an audiological 
assessment was 12.1 ± 2.3 months (SD) (range ¼ 9.0 to 
20.6 months). More males (21/43 (76.6%) had hearing loss than 
female (7/26 (23.3%) infants (X2¼ 5.4 (1 df, p¼ 0.02)) and more 
infants with OM (35/65 (53.8%)) on the day of audiological 
assessment had hearing loss (X2 ¼ 5.8 (1 df, p¼ 0.02). 
Information on time-dependent variables (exposure to cigarette 
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smoke, pacifier use and feeding) collected at the 12–18-month 
visit showed that more infants currently using a pacifier (13/26 
(50%)) had hearing loss on the day of audiological assessment 
than those who were not currently using a pacifier (7/31 
(22.5%); X2 ¼ 4.7 (1 df, p¼ 0.03)). Smoking and feeding charac
teristics at 12-18 months did not differ between normal and 
hearing loss groups ((smoking: X2 ¼ 0.58 (1 df, p¼ 0.45)); (feed
ing: X2 ¼ 0.192 (1 df, p¼ 0.66)).

Otoscopic findings

Of the 67 infants who had an audiological assessment at 
�12 months of age, 43.3% (29/67) had bilateral normal TM 
observations, 8.9% (6/67) had bilateral bulging TMs and 6.0% 
(4/67) had bilateral retraction. Approximately 18% (12/67) of 
infants had unilaterally normal TM observations with either 
bulging of the TM in the other ear (2.9% (2/67)), retraction in 

the other ear (1.5% (1/67)) or the other ear’s TM observation 
was unknown (13.4% (9/67)). TM observation was unknown 
bilaterally for 19.4% (13/67) of infants, and for those with a 
known result in at least one ear (n¼ 54), 75.9% (41/54) had nor
mal otoscopic results, 14.8% (8/54) had bulging TM, and 9.3% 
(5/54) had retraction observed.

Tympanometry findings

Table 3 shows the tympanometry results obtained at each routine 
ear screening and during the audiological assessment among the 
67 infants who had the audiology assessment. The mean age of 
routine ear health screenings was 2.7 ± 0.5, 7.1 ± 1.1, and 
13.1 ± 1.8 months. Among those with valid tympanometry at 2-4, 
6-8 and 12-18 months, 36.5% (19/52), 50.0% (25/50) and 64.3% 
(36/56) had abnormal tympanograms, respectively. At the audio
logical assessment, 53.8% (35/65) of infants had abnormal 

Table 1. Sociodemographic, obstetric, environmental characteristics at enrolment or at 2-4-month visit and presence or absence of OM at time of audiological 
assessment at �12 months of age among the 67 infants with and without hearing loss.

Normal hearingb (n 5 37) Hearing loss (n¼ 30)

Characteristic Outcome measure n % n % P valuec

Sex 0.02
Male 18 48.6 23 76.7
Female 19 51.5 7 23.3

NBHSa 0.19
Passed 34 91.9 25 83.3
Refer 0 0.0 2 6.7
Unknown 2 5.4 3 10.0
Not done 1 2.7 0 0.0

Gestational age (prematurity) 0.45
Pre-term (< 37 weeks) 5 13.5 2 6.7
Term (� 37 weeks) 32 86.5 28 93.3

Mother gestational diabetesa 0.42
Yes 6 16.2 3 10.0
No 31 83.8 26 86.7
Unknown 0 0.0 1 3.3

Mother employeda 0.77
Yes 14 37.8 12 40.0
No 23 62.2 17 56.7
Unknown 0 0.0 1 3.3

Mother smokera 0.48
Yes 11 29.7 11 36.7
No 26 70.3 18 60.0
Unknown 0 0.0 1 3.3

Day care attendancea at 2-4 month 0.47
Yes 8 21.6 8 26.6
No 23 62.2 15 50.0
Unknown 6 16.2 7 23.4

Sibling day care or school attendance 0.13
Yes 24 64.9 14 46.7
No 13 35.1 16 53.3

Feeding at 2-4 montha 0.37
Breastmilk ± bottle 22 59.5 15 50.0
Bottle only 12 32.4 13 43.3
Unknown 3 8.1 2 6.6

Pacifier use at 2-4 monthsa 0.17
Yes 16 43.2.4 18 60.0
No 18 48.7 10 33.3
Unknown 3 8.1 2 6.7

Household density (people per room) 0.23
�1.0 2 5.4 5 16.7
>1.0 35 94.6 25 83.3

OM at time of audiological assessmenta,d 0.02
Yes (OM) 14 37.8 21 70.0
No (no OM) 21 56.8 9 30.0
Unknown 2 5.4 0 0.0

aAll unknown outcomes excluded from the analysis.
bNormal hearing defined as average hearing response of 25 dB HL.
cPearson’s chi-squared; Fisher’s Exact test used, if expected cell count is less than 5.
dOM based on type B or C tympanogram obtained.
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tympanograms. Of the infants with OM, 77.1% (27/35) had bilat
eral OM, and 22.9% (8/35) had unilateral OM.

Overall diagnosis

Based on overall diagnoses (as per audiologist based on otoscopy 
and tympanometry), 40.3% (27/67) of infants had normal ears at 
their audiological assessment. The most common middle ear 
diagnosis was OME (35.8% (24/67)) while 6.0% (4/67) had AOM 
and 9.0% (6/67) had ETD; 1.5% (1/67) had a wet perforation 
and 1.5% (1/67) had patent grommets. For 6.0% (4/67) of 
infants, a diagnosis was not clear.

Detailed VRA findings

The overall average corrected hearing response was significantly 
worse in infants with OM (defined by type B or C tympano
gram) (30.35 dB HL (95% CI: 27.24, 34.59)) than in those with
out OM (20.69 dB HL (95% CI: 18.04, 23.51)) on the day of 
audiological assessment (p< 0.001). Of the infants that had OM 
on the day, 40.0% (14/35) had normal hearing and 60.0% 
(21/35) had hearing loss. Of the infants with an overall OME 
diagnosis, 70.8% had hearing loss; infants with ETD diagnosis, 
33.3% had hearing loss and all children with an AOM diagnosis 
had hearing loss. Of the infants without OM on the day of 
audiological assessment, 70.0% (21/30) had normal hearing and 
30.0% (9/30) had a hearing loss.

Infants with OM on the day of audiological assessment had 
average corrected frequency-specific responses of 29.50 dB HL 
(95% CI: 24.32, 34.68), 31.06 dB HL (95% CI: 25.14, 36.98), 
30.62 dB HL (95% CI: 24.35, 36.89) and 28.97 dB HL (95% CI: 
23.81, 34.12) at 500, 1000, 2000 and 4000 Hz, respectively, com
pared to the infants without OM on the day, who had corrected 
frequency-specific responses of 20.67 dB HL (95% CI: 17.66, 
23.68), 19.67 dB HL (95% CI: 16.28, 23.06), 20.69 dB HL (95% 
CI: 17.14, 24.24), and 21.50 dB HL (95% CI: 18.43, 24.57) at 500, 
1000, 2000 and 4000 Hz, respectively (Figure 1). The difference 
in hearing responses between those with and without OM was 
significant at all tested frequencies; 500 Hz (p¼ 0.003), 1000 Hz 
(p< 0.001), 2000 Hz (p¼ 0.004) and 4000 Hz (p¼ 0.005).

Using the study hearing loss classification with corrected 
VRA responses, 55.3% (37/67) of infants had normal hearing on 
the day, 35.8% (24/67) had a mild hearing loss, and 9.0% (6/67) 
had a moderate hearing loss. Table 2 shows the proportion of 
infants with hearing loss (corrected or uncorrected VRA 
responses) according to our study classification compared with 
results using the GBD classification or the WHO disabling hear
ing impairment classification. Using the GBD classification 
49.2% (33/67) had normal hearing while 20.9% (14/67) had a 
mild hearing loss, and 29.8% (20/67) had moderate hearing loss. 
Using the WHO disabling hearing impairment classification, 
38.8% (26/67) had disabling hearing loss (using corrected 
responses).

The impact of prior OM events on average corrected hearing 
responses at 12 months of age was analysed comparing infants 
with prior documented OM at 2-4 and/or 6-8 months of age 
with infants who had no reported prior OM (Figure 2). This 
analysis included only those infants who attended both prior ear 
health screening appointments (n¼ 38). Of the infants who had 
no prior OM, 50.0% (8/16) had hearing loss (�26 dB) at 
�12 months of age with a mean corrected hearing response of 
26.61 dB HL (95% CI: 21.22, 32.01) for this group. Of the infants 
with OM at either 2-4 or 6-8 months, 33.3% (5/15) had subse
quent hearing loss at �12 months of age with a mean corrected 
hearing reponse of 24.19 dB HL (95% CI: 16.91, 31.48). Of the 
infants that had OM at both 2-4 and 6-8 months, 57.1% (4/7) 
had subsequent hearing loss at �12 months of age with a mean 
corrected hearing response of 30.48 dB HL (95% CI: 19.64, 
41.30); however, this was not significantly different to the mean 
hearing responses in other groups (one-way ANOVA (F (2, 36) 
¼ 0.709, p¼ 0.499)).

Discussion

This paper presents the audiological findings from the Djaalinj 
Waakinj cohort study, which is the first study in Australia to 
provide estimates of the proportion of urban Aboriginal infants 
with OM and hearing loss and to apply the recommended cor
rection for VRA responses in infants. Using corrected VRA 
responses we found 44.8% of tested infants had hearing loss 
(�26 dB HL) at �12 months of age. Infants with OM at the time 

Figure 1. Average corrected hearing responses (dB HL) of infants in the Djaalinj Waakinj study with OM (n¼ 35) and without OM (n¼ 30) at �12 month of age.
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of assessment had significantly worse hearing responses com
pared to those without OM (Figure 1). The previously published 
work describing hearing loss in this study population showed a 
higher proportion of infants with hearing loss (68.9% of infants 
�26 dB HL) in at least the better ear (Veselinovi�c et al. 2022). 
These earlier estimates were comparable to those in another 
study conducted in Kalgoorlie WA, which reported >60% of 
hearing loss using the same method and classification for infants 
of a similar age (Lehmann et al. 2008a). However, both reports 
did not consider a correction factor for VRA responses as we 
have applied here, which is recommended by the British Society 
of Audiology (British Society of Audiology 2014) and the 
Barnsley Neonatal Hearing Screening Protocol for VRA testing 
(Day et al. 2008).

We have compared VRA classification (with and without cor
rection factor) used in our study with different international clas
sifications of hearing loss (Table 2). It is a serious concern that 
39% to 51% of the infants (depending on the classification used) 
had hearing loss at �12 months of age after adjusting with the 
recommended correction factor. There are difficulties with VRA 
interpretation, the overestimation of hearing loss with 

behavioural responses, and overall, how VRA responses are used 
to determine MRL rather than thresholds (Norrix 2015). 
However, as no alternative behavioural tests are currently avail
able to assess infants in a community setting, the use of the 
VRA with the correction factor could overcome some of these 
challenges and may provide a more accurate estimate of the bur
den of hearing loss in infants. Given most infants with hearing 
loss in this study had OM at the time of assessment, these find
ings demonstrate the impact of OM on Aboriginal infants with 
the known impacts of fluctuating hearing loss in this infant 
population of notable concern (Sch€onweiler et al., 1998).

To our knowledge, no studies have reported prevalence of 
hearing loss in First Nations infants. However, a recent study in 
older school aged Canadian First Nations children reported a 
hearing loss prevalence of �23.5%, largely related to OM 
(Fitzpatrick et al. 2021). Another study conducted in USA inves
tigated the prevalence of OM-related hearing loss in the general 
paediatric population and found that 15% had hearing loss 
(>20 dB HL) at one year of age, 40% of whom had confirmed 
OME, while more than half of the infants with hearing loss did 
not have OM on the day (Gravel and Wallace 2000). As found 
by Gravel and Wallace (2000) many infants at �12 months with
out OM, showed to have hearing loss, further affirming the pos
sible need to use a correction factor when using VRA to 
establish more accurate hearing responses in infants, and 
improve prevalence estimates. A recent study of urban 
Aboriginal children showed �20% of the children aged 3.5- 
6 years had hearing loss, and half of the children had OM from 
6 months � 3.5 years (DeLacy et al. 2023), with two-thirds of 
children in the study with OM and hearing impairment. DeLacy 
et al. (2023), as with other OM studies, did not evaluate the 
hearing responses in young infants (<12 months), making it dif
ficult to compare the prevalence reported between studies.

Table 2. Number and proportion of infants with hearing loss according to different classifications, using corrected and uncorrected VRA responses in the Djaalinj 
Waakinj cohort study (n¼ 67).

Study classification (�26 dB HL) Global Burden of Disease Group (>20 dB HL) WHO Disabling HEARING LOSS (>30 dB HL)

Corrected 30 (44.8) 34 (50.8) 26 (38.8)
Uncorrected 47 (68.9)a N/Ab 40 (59.7)
aVeselinovi�c et al. (2022).
bNot applicable, due to minimum testing level being 25 dB.

Figure 2. Average hearing response levels (dB HL) at �12 months of age among infants that had no prior OM, OM at either 2-4 or 6-8 months (1 prior event) or OM 
at both 2-4 and 6-8 months (2 prior events) (n¼ 38).

Table 3. Tympanometry results for each assessment time-point among 67 
infants who had an audiological assessment at �12 months of age.

Assessment time-point

Tympanometry result (% (n))

Type A Type B Type C Unknown Total

2–4-month routine screening 53.2 (33) 29.0 (18) 1.6 (1) 16.1 (10) 100 (62)
6–8-month routine screening 46.3 (25) 44.4 (24) 1.9 (1) 7.4 (4) 100 (54)
12–18-month routine  

screening
34.5 (20) 48.3 (28) 13.8 (8) 3.4 (2) 100 (58)

Audiological assessment 44.8 (30) 44.8 (30) 7.5 (5) 3.0 (2) 100 (67)

Some of the 67 infants who had audiological assessment did not attend for rou
tine screening: 5 at 2-4, 13 at 6-8, 9 at 12-18-month visits.
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The proportion of infants with documented demographic and 
environmental risk factors was generally similar among infants 
with and without hearing loss in this cohort (Table 1), aside 
from sex, OM at time of audiology assessment and pacifier use 
at 12-18 months of age. These findings are consistent with previ
ous literature that report higher OM prevalence in males 
(Kvestad et al. 2004), which is the case for many infectious dis
eases (Muenchhoff and Goulder 2014). OM is the most signifi
cant contributing factor to conductive hearing loss in children 
(Gunasekera et al. 2009), and the higher hearing loss prevalence 
among infants with OM in this cohort was in line with the lit
erature. Infants that used a pacifier had a high proportion of 
hearing loss than non-users, which in line with pacifier use being 
a risk factor for OM as it is thought to cause reflux of nasopha
ryngeal secretions into the middle ear as well as lead to dysfunc
tion to the Eustachian tube (Rovers et al. 2008).

The otoscopic findings and overall diagnoses in this study 
show that most infants had OME, with over two-thirds with 
hearing loss, and likely the main cause of hearing loss in this 
cohort. Gunasekera et al. (2009) has also reported OME as a sig
nificant contributor to hearing loss in early childhood for 
Aboriginal and/or Torres Strait Islander children (Gunasekera 
et al. 2009). In Aboriginal and/or Torres Strait Islander infants 
in particular, this high prevalence of OME should prompt 
increased efforts for early detection as OME is often asymptom
atic, but the associated hearing loss can result in delayed devel
opment (Su et al. 2020). It is likely that the low numbers of 
AOM reflect the study design and more regular surveillance 
would be required to detect the incidence of AOM, due to the 
acute episodic nature of the disease – unlike OME, which is 
often persistent.

In this study, we did not find an association between prior 
documented OM episodes and subsequent hearing loss in the 
small subset of 38 infants seen at all timepoints (Figure 2); how
ever, 4 of the 7 infants who had two or more prior OM events 
had hearing loss at �12 months of age. Future studies with a 
larger sample size, more frequent assessments in the short-term 
and including a long-term follow-up would provide more insight 
on the impact of prior OM on hearing responses later in life.

The main limitation of this study is the small sample size 
with limited follow-up to the age of 12 months, despite the inten
sive efforts made by two local Aboriginal researchers (VW, NM) 
and a nurse well-known to the community (JD) to contact fami
lies frequently during the day and evening through home visits, 
phone calls, health services and contact with family members. 
Approximately half (53.6%) of infants enrolled in the study had 
audiological assessments, which is a lower attendance than the 
comparable KOMRP study (62%), and lower than a WA urban 
Aboriginal longitudinal cohort (65%) (Lehmann et al. 2008b; 
Eades 2003); however, both cohort studies were conducted 
�20 years ago. Recruitment, follow-up, and audiological assess
ments ceased during the COVID-19 pandemic, which contrib
uted to lower attendance in the Djaalinj Waakinj cohort study. 
Cohort studies involving infants are challenging to complete due 
to the competing priorities present for young families caring for 
their children. This is particularly true for Aboriginal and/or 
Torres Strait Islander families, who may face numerous conflict
ing daily commitments; details of reasons for loss to follow-up 
have been described elsewhere (Swift et al. 2020). While larger 
studies are required, our findings reaffirm the importance of 
early surveillance, with prompt referral to audiology services in 
accordance with the most recent OM guidelines (Leach et al. 

2021), and the critical role First Nations workers play in ear and 
hearing health surveillance (Poirier et al. 2022).

The current national guidelines in Australia outline audio
logical assessment and management strategies from birth to 
5 years for Aboriginal and/or Torres Strait Islander children 
(Leach et al. 2021; https://otitismediaguidelines.com). The OM 
guidelines recommend ear health surveillance at childhood 
immunisation visits, child health checks, and opportunistically at 
other clinical interactions, which may include otoscopy, tympan
ometry and then audiometry for children >3.5 years. Resource 
limitations in community-based settings impede access to VRA 
testing for children <3.5 years necessitating prompt referral for 
audiological assessment is for Aboriginal and/or Torres Strait 
Islander children with recurrent AOM or persistent OME. Due 
to resource limitations in community-based settings, VRA testing 
for children <3.5 years may not be feasible and as such, prompt 
referral for external audiological assessment is required for 
Aboriginal and/or Torres Strait Islander children with recurrent 
AOM or persistent OME.

The Djaalinj Waakinj study highlights the high rates of hear
ing loss and OM in Aboriginal infants. It demonstrates the need 
for early detection of OM and timely and appropriate ear health 
services to prevent OM-associated hearing loss and improve 
developmental and educational outcomes for Aboriginal and/or 
Torres Strait Islander children in urban areas. This paper 
explores the use of a VRA correction factor for young Aboriginal 
and/or Torres Strait Islander infants, which may be more appro
priate for the interpretation of hearing responses in young 
infants; however, further validation of the correction factor is 
required due to its limited mainstream clinical applications inter
nationally. Further research is needed to determine the long- 
term developmental consequences of early life hearing loss in 
urban Aboriginal and/or Torres Strait Islander children. The 
findings from this study will help inform national policy and 
practice to improve access to ear and hearing screening in very 
early life for Aboriginal and/or Torres Strait Islander infants. 
Policymakers should implement the recommendation by the OM 
guidelines for routine, early screening for OM in urban 
Aboriginal and/or Torres Strait Islander infants and prompt 
referral for audiological assessment by 12 months of age as out
lined in the national guidelines (Leach et al. 2021).
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