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Long-term outcomes of childhood otitis media and hearing loss: a systematic 
review
Rachel Jamesa, Amanda Machell a, Jack DeLacy b and Jacqueline Stephens a

aFlinders Health and Medical Research Institute, College of Medicine and Public Health, Flinders University, Adelaide, Australia; bPoche 
Centre, University of Sydney, Sydney, Australia

ABSTRACT  
Otitis media (OM) is a common childhood illness which can cause hearing loss and 
developmental delays. This is the first systematic review to investigate the long-term, 
longitudinal health and social outcomes of OM and hearing loss in childhood. The study 
was registered in PROSPERO (CRD42023396318). A structured search strategy identified 
literature in the following databases: CINAHL, Scopus, Medline, PsychInfo, and EmCare. 
Articles were independently dual-screened and extracted data were synthesised. From 2825 
potential studies, 25 were selected for inclusion. These assessed broad outcomes: physical 
health, audiological health academic, behavioural, social function, service use, and housing. 
Overall, 28% of papers found no difference between those with a childhood history of OM 
and those without, 40% found poorer outcomes for those with a history of OM, and 32% 
found mixed results. This is the first study of its kind to explore the long-term effects of 
otitis media and resultant hearing loss in children. Trends of poor academic, behavioural, 
and audiological outcomes were identified in children with OM and hearing loss. Multiple 
gaps in the literature were identified including a paucity of recent research, studies 
extending into adulthood, and studies focusing on high-risk populations.
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Introduction

Otitis Media (OM) is the inflammation and infection of 
the middle ear, and a common illness of childhood. OM 
exists on a spectrum of disease from acute inflam
mation, to chronic middle ear disease (Kong & 
Coates, 2009). Acute OM (AOM) can lead to severe 
complications including tympanic membrane perfor
ation, with many children going on to develop 
chronic disease including chronic suppurative OM 
(CSOM), and OM with effusion, with all types of OM 
having the ability to cause hearing impairment 
(Menzies School of Health Research, 2020). Almost all 
children will experience an episode of acute OM 
(AOM), with most children in developed countries 
improving with supportive treatment, however, 
certain populations are at greater risk of infection, 
and complication (Menzies School of Health Research, 
2020).

Several factors contribute to an individual’s risk of 
OM, including both host and environmental factors. 
Host factors include age, sex, immunosuppression, 
genetic predisposition, and craniofacial abnormalities, 
such as cleft palate and Down syndrome (Kong & 
Coates, 2009). Environmental factors include 

overcrowding and day care attendance, having older 
siblings, upper respiratory tract infections, and ciga
rette smoke exposure, with breastfeeding as a protec
tive factor (Kong & Coates, 2009; van Ingen et al., 
2020; Zhang et al., 2014). Certain populations are 
more at risk of OM than others as a result of the 
social determinants of health contributing to environ
mental risk factors. Poor housing, low socioeconomic 
status (SES), unemployment, and poor access to ser
vices all place children at higher risk of OM (Bowie, 
Pearson, Campbell, & Barnett, 2014; DeLacy, Dune, & 
Macdonald, 2020; Siddartha, Bhat, Bhandary, Shenoy, 
& Rashmi, 2012).

Incidence of OM varies between regions and age 
groups. Globally, AOM incidence rate is highest in the 
one to four age group at 61%, followed by the first 
year of life at 45% (Monasta et al., 2012). Incidence for 
children under five years of age varies across the 
world, from under 30% in areas of Southern and 
Andean Latin America, East Asia, and high-income 
Asia Pacific countries, to over 100% in Oceania, and 
Central and Western Sub-Saharan Africa (Monasta 
et al., 2012). Incidence rates of CSOM follow a similar 
geographical distribution, with the lowest incidence 
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seen in Latin American Andean countries (1.70 per 
thousand people), followed by high-income Asia 
Pacific countries (3.02 per thousand people), and 
highest incidence in Oceania and Central Sub-Saharan 
Africa. In CSOM however, incidence peaks in the first 
year of life (15.4 per thousand) (Monasta et al., 2012).

A higher burden of disease is seen amongst Indi
genous groups globally (Gunasekera, Haysom, Morris, 
& Craig, 2008). In the Asia-Pacific region, OM is most 
prevalent in Aboriginal and Torres Strait Islander chil
dren, followed by Pacific Islander and Maori children 
living in New Zealand (Mahadevan et al., 2012), 
whilst similar prevalence is seen in Inuit populations 
(Gunasekera et al., 2008). Aboriginal and Torres Strait 
Islander children are more likely to have earlier onset 
of OM, as well as experience more persistent and 
severe disease, with higher rates of tympanic mem
brane perforation, particularly in remote communities 
(Jervis-Bardy, Sanchez, & Carney, 2014). Compared to 
non-Indigenous children, Aboriginal children are 
three times as likely to have OM, and 1.4 times as 
likely to have long-term ear and hearing problems 
(AIHW, 2020). Prevalence of active chronic OM varies 
between communities, ranging from 10% to 30%, 
with the World Health Organization classifying a preva
lence higher than 4% to be a massive public health 
problem (Jervis-Bardy et al., 2014; World Health Organ
isation, 2004). Prevalence of OM in Aboriginal children 
has shown minimal improvement in more than 30 
years (Jervis-Bardy et al., 2014).

In Australia, access to services for OM is limited in 
rural and remote settings, with access decreasing as 
remoteness increases (AIHW, 2018). In the past, one 
in five Aboriginal children living in rural and remote 
settings waited longer than the recommended guide
lines for audiology, and one in eight for ENT services, 
however significant wait times are also seen in urban 
settings (Gunasekera, Morris, Daniels, Couzos, & 
Craig, 2009). Although there are significant differences 
in severity of disease between Aboriginal and non- 
Aboriginal children, in practice no significant differ
ence is seen in referrals to audiology and ENT services, 
where one is to be expected (Gunasekera et al., 2007).

OM predominately occurs during key developmen
tal years and can have detrimental effects on hearing 
and speech, which can have ongoing impacts through
out life (World Health Organization, 2021). Unad
dressed hearing loss at a young age can significantly 
affect speech and language development as well as 
cognition, development, and behaviour, with flow on 
affects to academic outcomes, employability and 
income later in life (Burns & Thomson, 2013; Su et al., 
2019; World Health Organization, 2021). Unaddressed 
hearing loss can further affect individual’s relation
ships, contributes to isolation and loneliness, as well 
as poor mental health outcomes (World Health 
Organization, 2021).

Several systematic reviews have examined the 
relationship between hearing impairment and its 
association with health and social outcomes. Children 
with hearing impairment were found to have more 
emotional and behavioural difficulties than their 
peers without hearing impairment, performing worse 
on the Strengths and Difficulties Questionnaire 
(SDQ), a measure of behavioural difficulties in children, 
as well in non-SDQ measures of behavioural difficulties 
(Bigler et al., 2019; Stevenson, Kreppner, Pimperton, 
Worsfold, & Kennedy, 2015). Hearing loss is further 
associated with loneliness and social isolation (Shukla 
et al., 2020), as well as an increased risk of dementia 
(Ford et al., 2018). Although no systematic review has 
been performed in the following areas, untreated 
hearing impairment is further associated with chal
lenges in listening and communication, language 
and speech development, cognition, education, 
employment, mental health, and relationship develop
ment (World Health Organization, 2021). A recent data 
linkage study further shows association between 
hearing impairment in early childhood and risk of 
youth offending amongst Aboriginal and Torres Strait 
Islander children (He et al., 2019).

No systematic review has explored longitudinal 
associations between OM, resultant hearing loss, and 
health and social outcomes. This study aims to 
answer the research question, how does otitis media 
and resultant hearing loss contribute to long-term 
health and social outcomes?

Methods

A systemic review was conducted on the long-term 
health and social outcomes of OM in childhood. This 
systematic review followed the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis 
(PRISMA) checklist, and the protocol was registered 
in PROSEPRO, the international prospective register 
of systematic reviews (PROSPERO CRD42023396318).

Search strategy and information sources

The population, exposure, comparison, outcomes, and 
study type (PECOS) framework was used to develop 
the search strategy and inclusion criteria. The popu
lation was identified as children <18, and exposure 
as any middle ear infections and its sequelae, including 
AOM, effusions, CSOM, and tympanic membrane per
forations, and resultant hearing loss. Comparators 
were identified as children with no OM diagnosis, 
and outcomes as health and social outcomes at least 
five years following OM diagnosis. Concepts of health 
were identified by the WHO social determinants of 
health (Commission on the Soical Determinants of 
Health, 2008) and the Aboriginal and Torres Strait 
Islander determinants as identified from ‘Beyond 
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Bandaids: Exploring the Underlying Determinants of 
Aboriginal Health’ (Anderson, Baum, & Bentley, 2007). 
These included physical health, psychological health, 
academic outcomes, social function, service use, incar
ceration, occupation, housing, and cultural connection. 
Search terms were identified by the researchers and 
supplemented by validated search filters to identify 
studies reporting outcomes by social determinants 
(Prady, Uphoff, Power, & Golder, 2018). A search of 
the literature was conducted in OVID, Medline, 
Emcare, Psych Info, CINAHL, and Scopus on 8 Septem
ber 2022, and repeated on 11 February 2024. Searches 
were limited to English language, with no limit on date 
of publication. The search strategy was manually con
verted for each database, the full search strategy can 
be seen in Supplemental Material 1.

Eligibility criteria

Studies were excluded if participants had congenital or 
anatomical factors predisposing to OM, including 
Down syndrome or cleft palate (Kong & Coates, 
2009), as well as hearing loss unrelated to otitis 
media. Studies reporting outcome measures after a 
follow-up period of less than five years, or which did 
not report longitudinal data as defined by the inclusion 
criteria, were excluded. Non-human, surgical, or micro
biological studies, case reviews, cross-sectional studies, 
case control studies, qualitative studies, and studies 
not published in English were excluded.

Selection process

Search results were imported into EndNote from 
databases to facilitate reference importation to Covi
dence, an online platform for managing the screening 
and extraction process of systematic reviews (Covi
dence, 2023). All articles underwent an independent, 
blinded, two-party review, with all titles and abstracts 
screened by the first author (RJ) and one of two co- 
authors (JS, JD). Articles that did not meet the 
inclusion criteria were excluded with conflicts 
settled via a consensus discussion amongst the 
researchers. All full texts were then independently 
screened by the first author (RJ), and one of the 
authors (JS, JD, or AM).

Data collection and data items

Data were extracted in Covidence by two independent 
researchers (RJ, AM) with data consensus determined 
by the first author (RJ). Study location, methodology, 
OM criteria, time from OM diagnosis to outcome, 
study length, analysis method, outcome of interest, 
outcome group, age group(s) of OM diagnosis, 
method of recruitment, sample size, nationality, base
line population characteristics, outcome data, 

whether there was variation found between groups 
and in what direction, were extracted from all included 
studies. Given the heterogeneity of outcomes across 
studies, outcomes were grouped into physical health, 
psychological, academic, social function, service use, 
occupation, housing, cultural connection, and others. 
Study funding source, conflict of interest, aim, and 
length of study were also extracted. All data which 
were unavailable in the text were reported as ‘not 
stated’.

Risk of bias assessment

The CASP Cohort Study appraisal checklist (Critical 
Appraisal Skills Programme, 2018) was used to assess 
the quality of included studies. Critical appraisal was 
completed independently by two assessors (RJ, AM) 
and consensus determined by the first author (RJ). 
Audiological expertise in the assessment of study 
quality was provided by a third independent assess
ment (JD). The checklist was expanded to categorise 
implication for the local area with options selected 
from ‘can’t tell’, ‘minimal implication’, ‘some impli
cation’, or ‘significant implication’; and precision of 
results selected from ‘can’t tell’, ‘not very precise’, 
‘somewhat precise’, or ‘very precise’ to enable better 
comparison of papers.

Data synthesis and analysis

We intended to complete a meta-analysis however due 
to clinical diversity, methodological diversity and 
varying effect measures across all included studies, 
we were unable to do so. Statistical analysis of 
included papers is limited due to the variation of 
effect measures, outcomes assessed, and outcome 
measures, as well as lack of significance reporting. 
Direction of effect can be established in all papers, 
hence vote counting based on direction of effect has 
been used to synthesise results.

Results

Study selection

The original search strategy identified 4,165 studies 
(see Figure 1). After removal of duplicates (n = 1564), 
2601 studies underwent title and abstract screening. 
Of these, 68 were identified as potentially relevant 
and underwent full-text review with 43 studies 
excluded as reported in Figure 1. One full text was 
unable to be sourced, and 24 studies were included 
in the review following the first search.

An additional 224 studies were identified and 
underwent title and abstract screening through the 
repeat search, with four studies identified for full-text 
review. Three texts were subsequently excluded due 
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to inappropriate study design, inappropriate popu
lation, and hearing loss being unrelated to OM respect
ively, with one text being included for analysis. 
Following the repeat search this systematic review 
includes a total of 25 studies.

Included studies

Characteristics of the 25 included studies are presented 
in Table 1. All studies included were cohort studies. 
Outcome groups assessed included physical health, 
audiological function, academic, behavioural, social 
function, service use, and housing, with only 24% of 
studies assessing outcomes into adulthood (Aarhus, 
Engdahl, Tambs, Kvestad, & Hoffman, 2015; Aarhus, 
Homoe, & Engdahl, 2020; Aarhus, Tambs, Hoffman, & 
Engdahl, 2016; Mortensen, Nielsen, Fisker, & Nørgaard, 
2013; Pearson, Mann, Rees, Davis, & Pearce, 2015; 
Rudin & Svardsudd, 1987), No studies assessed mental 
health, cultural connection, employment, or socioeco
nomic status. Study characteristics varied significantly 
between papers. Sample size ranged from 14 partici
pants (Gravel, Wallace, & Ruben, 1995) to 51,000 partici
pants (Aarhus et al., 2020). Diagnostic testing for OM 
varied across papers and included ENT diagnosis 

(Aarhus et al., 2015; Aarhus et al., 2016; Aarhus et al., 
2020; Zumach, Chenault, Anteunis, & Gerrits, 2011; 
Zumach, Gerrits, Chenault, & Anteunis, 2009; Zumach, 
Gerrits, Chenault, & Anteunis, 2010), tympanometry 
(Aithal, Yonovitz, & Aithal, 2008; Brooks, 1986; Gravel 
et al., 1995; Gravel, Wallace, & Ruben, 1996; Roberts, 
Burchinal, & Zeisel, 2002; Silva, Chalmers, & Stewart, 
1986; Zumach et al., 2009; Zumach et al., 2010; 
Zumach et al., 2011) parental or patient reported 
(Bennett & Haggard, 1999; Fougner et al., 2017; 
Hogan, Phillips, Howard, & Yiengprugsawan, 2014; 
Kaplan, Fleshman, Bender, Baum, & Clark, 1973; Nit
trouer & Lowenstein, 2024; Rudin & Svardsudd, 1987) 
and hospital records (Kaplan et al., 1973; Majerus 
et al., 2005; Mortensen et al., 2013; Žargi & Boltežar, 
1992). The method of diagnosis was not stated for 
two papers (Paradise et al., 2007; Ruben, 1999). Of the 
papers, 76% used OM diagnosis in children <5 years 
of age with 16% using diagnosis <1 year of age 
(Gravel et al., 1995; Gravel et al., 1996; Kaplan et al., 
1973; Ruben, 1999). Finally, limited recent studies 
were identified from the literature, with only 8 of the 
25 studies included from the last 10 years (Aarhus 
et al., 2015; Aarhus et al., 2016; Bennett & Haggard, 
1999; Fougner et al., 2017; Hogan et al., 2014; Hogan 

Figure 1. Prisma flow diagram.
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et al., 2014; Mortensen et al., 2013; Nittrouer & Lowen
stein, 2024; Pearson et al., 2015).

Study location and populations assessed varied 
across papers. Seven studies recruited participants 
from school or childcare (Aarhus et al., 2015; Aarhus 
et al., 2016; Aarhus et al., 2020; Brooks, 1986; DiSarno 
& Barringer, 1987; Nittrouer & Lowenstein, 2024; 
Roberts et al., 2002), five studies used data from birth 
cohort data sets (Bennett & Haggard, 1999; Fougner 
et al., 2017; Hogan et al., 2014; Pearson et al., 2015; 
Silva et al., 1986), seven recruited from hospitals 
(Gravel et al., 1996; Majerus et al., 2005; Paradise 
et al., 2007; Zumach et al., 2009; Zumach et al., 2010; 
Zumach et al., 2011; Žargi & Boltežar, 1992), two 
recruited directly from Inuit and Tiwi communities 
(Aithal et al., 2008; Kaplan et al., 1973), one from mili
tary conscription (Mortensen et al., 2013), one from 
census data (Rudin & Svardsudd, 1987), and two not 
stated (Gravel et al., 1995; Ruben, 1999). Of the 25 
studies included, three were conducted in Australia 
or New Zealand (Aithal et al., 2008; Hogan et al., 
2014; Silva et al., 1986), 8 in the USA (DiSarno & Barrin
ger, 1987; Gravel et al., 1995; Gravel et al., 1996; Kaplan 
et al., 1973; Nittrouer & Lowenstein, 2024; Paradise 
et al., 2007; Roberts et al., 2002; Ruben, 1999), and 14 
in Western Europe and the UK (Aarhus et al., 2015; 
Aarhus et al., 2016; Aarhus et al., 2020; Bennett & 
Haggard, 1999; Brooks, 1986; Fougner et al., 2017; 
Majerus et al., 2005; Mortensen et al., 2013; Pearson 
et al., 2015; Rudin & Svardsudd, 1987; Zumach et al., 
2009; Zumach et al., 2010; Zumach et al., 2011; Žargi 
& Boltežar, 1992). No studies were conducted in East 
Asia, Africa, or Oceania. Only three studies focussed 
on Indigenous Peoples; one study was conducted 
with Aboriginal or Torres Strait Islander Peoples 
(Aithal et al., 2008), and two studies with Inuit popu
lations (DiSarno & Barringer, 1987; Kaplan et al., 1973).

Overall, 28% of papers found no difference between 
those with a childhood history of OM and those 
without (Aarhus et al., 2015; Brooks, 1986; Fougner 
et al., 2017; Majerus et al., 2005; Paradise et al., 2007; 
Roberts et al., 2002; Zumach et al., 2010), 40% found 
poorer outcomes for those with a history of OM, 
(Aarhus et al., 2016; Aarhus et al., 2020; Aithal et al., 
2008; Bennett & Haggard, 1999; DiSarno & Barringer, 
1987; Gravel et al., 1996; Pearson et al., 2015; Ruben, 
1999; Zumach et al., 2009; Zumach et al., 2011) and 
32% found mixed results (Gravel et al., 1996; Hogan 
et al., 2014; Kaplan et al., 1973; Mortensen et al., 
2013; Nittrouer & Lowenstein, 2024; Rudin & Svard
sudd, 1987; Silva et al., 1986; Žargi & Boltežar, 1992).

Results of syntheses: long-term outcomes

Physical health outcomes
Fourteen studies investigated physical health out
comes. Twelve studies investigated audiological 

function including auditory processing deficit includ
ing speech in noise, tinnitus, oto-vestibular disease, 
hearing function, speech identification and discrimi
nation, language development and verbal short-term 
memory (Aarhus et al., 2015; Aarhus et al., 2016; 
Aarhus et al., 2020; Gravel et al., 1996; Majerus et al., 
2005; Nittrouer & Lowenstein, 2024; Paradise et al., 
2007; Pearson et al., 2015; Ruben, 1999; Rudin & Svard
sudd, 1987; Silva et al., 1986; Zumach et al., 2009; 
Zumach et al., 2010; Zumach et al., 2011; Žargi & Bolte
žar, 1992). Of these studies, 11 showed worse audiolo
gical outcomes for people with a history of OM (Aarhus 
et al., 2020; Gravel et al., 1996; Nittrouer & Lowenstein, 
2024; Pearson et al., 2015; Ruben, 1999; Rudin & Svard
sudd, 1987; Zumach et al., 2009; Zumach et al., 2011). 
There was no difference in language development 
(Zumach et al., 2010), new word learning and verbal 
short-term memory (Majerus et al., 2005). Three 
studies analysed non-audiological physical health out
comes, including dizziness (Aarhus et al., 2016), 
immune-mediated inflammatory disorders (IMID) 
(Aarhus et al., 2020) and common health conditions 
found in adulthood (Rudin & Svardsudd, 1987). OM 
as a child was not related to adult incidence of inter
mittent claudication, diabetes, heart attacks, stroke, 
high blood pressure, peptic ulcer, gallbladder 
disease, pancreatitis, cancer (Rudin & Svardsudd, 
1987), or IMID overall (Aarhus et al., 2020). There was 
an association between OM and dizziness (Aarhus 
et al., 2016), chronic sinusitis, and overall cardiovascu
lar disease (Aarhus et al., 2020).

Academic outcomes
Thirteen papers investigated a broad array of academic 
outcomes (Aithal et al., 2008; Brooks, 1986; DiSarno & 
Barringer, 1987; Fougner et al., 2017; Gravel et al., 
1995; Kaplan et al., 1973; Mortensen et al., 2013; Para
dise et al., 2007; Roberts et al., 2002; Ruben, 1999; 
Rudin & Svardsudd, 1987; Silva et al., 1986; Žargi & Bol
težar, 1992) Aspects of academic achievement 
assessed included intelligence, literacy, numeracy, 
school readiness, and education level. Studies used a 
varied and inconsistent array of tests to assess aca
demic achievement across the studies, including the 
Peabody Individual Achievement test (DiSarno & Bar
ringer, 1987), school performance (Brooks, 1986; 
Fougner et al., 2017), the Weschler Intelligence Scale 
for Children (Gravel et al., 1995; Kaplan et al., 1973; 
Silva et al., 1986), the Woodcock Johnson test (Paradise 
et al., 2007; Roberts et al., 2002), and SIFTER (Gravel 
et al., 1995; Ruben, 1999). In summary, four papers 
found worse academic outcomes for people with a 
history of OM (Aithal et al., 2008; DiSarno & Barringer, 
1987; Ruben, 1999; Rudin & Svardsudd, 1987), five 
papers found mixed results (Gravel et al., 1995; 
Kaplan et al., 1973; Mortensen et al., 2013; Silva et al., 
1986; Žargi & Boltežar, 1992), and four papers found 
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no difference between groups (Brooks, 1986; Fougner 
et al., 2017; Paradise et al., 2007; Roberts et al., 2002). 
However, it is challenging to compare results due to 
the contrasting results seen across studies for certain 
outcomes due to different measurement tools being 
used. Three papers found OM had no impact on chil
dren’s literacy (Fougner et al., 2017; Paradise et al., 
2007; Roberts et al., 2002), whilst another found 
reading and language to be impacted in those with a 
history of OM and current conductive hearing loss 
(Kaplan et al., 1973). IQ was assessed in three separate 
studies using the Weschler’s Intelligence scale for Chil
dren (WISC) with contrasting results. Žargi and Boltežar 
(Žargi & Boltežar, 1992) and Gravel, Wallace (Gravel 
et al., 1995) found no significance between OM and 
WISC-Revised performance, whilst Kaplan, Fleshman 
(Kaplan et al., 1973) found children with OM had 
worse results on WISC, however the assessment was 
adjusted to better suit the population as determined 
by the researchers.

Social and behavioural outcomes
Two studies analysed behavioural outcomes (Bennett 
& Haggard, 1999; Hogan et al., 2014). These papers 
found a significant difference in behavioural outcomes 
of children at age 10 years who had a history of OM 
occurring at, or before, the age of 5. When adjusted 
for sex and maternal malaise, participants from the 
most disadvantaged homes were found to be more 
antisocial. Overall, children with OM were found to 
be significantly more antisocial, neurotic, inattentive, 
and clumsy as reported by their parents (Bennett & 
Haggard, 1999). As reported by their teachers, children 
from disadvantaged groups were found to be more 
antisocial compared to their peers from the same 
SES, and overall, children with OM were found to be 
more antisocial than their peers without OM (Bennett 
& Haggard, 1999). Similarly, participants with OM 
were more likely to have borderline or abnormal psy
chosocial outcomes on SDQ as reported by their 
primary caregiver (Hogan et al., 2014). Two additional 
studies investigated social skills, finding no difference 
between adults or 9–11-year-olds with a history of 
OM compared to controls (Paradise et al., 2007; 
Rudin & Svardsudd, 1987). One study analysed 
housing and service use. Participants with OM 
attended the doctor and used more prescription medi
cation over their lifetime than those without OM, 
however there was no difference in overall health 
service utilisation, or number of individuals in a house
hold (Rudin & Svardsudd, 1987).

Quality assessment/certainty of evidence

Quality assessment was completed using the CASP 
cohort checklist (Critical Appraisal Skills Programme, 
2018) (see Table 2). The included studies were of 

generally low quality. 66% of studies did not sufficiently 
report on recruitment method (Aithal et al., 2008; 
Brooks, 1986; Gravel et al., 1995; Kaplan et al., 1973; Nit
trouer & Lowenstein, 2024; Pearson et al., 2015; Roberts 
et al., 2002; Ruben, 1999; Silva et al., 1986) or used a 
method that was prone to bias (DiSarno & Barringer, 
1987; Gravel et al., 1996; Majerus et al., 2005; Paradise 
et al., 2007; Zumach et al., 2009; Zumach et al., 2011; 
Žargi & Boltežar, 1992). OM exposure validity was able 
to be assessed in all but one paper (Paradise et al., 
2007), with 36% of all studies identified as using an 
invalid measure of exposure (Aarhus et al., 2016; 
Aarhus et al., 2020; Aithal et al., 2008; Bennett & 
Haggard, 1999; Fougner et al., 2017; Hogan et al., 
2014; Nittrouer & Lowenstein, 2024; Rudin & Svardsudd, 
1987; Žargi & Boltežar, 1992). Outcomes measures 
varied significantly across all papers, however were 
generally of good quality, with only 32% of studies 
identified as using invalid measures of outcomes 
(Aarhus et al., 2015; Aithal et al., 2008; Fougner et al., 
2017; Rudin & Svardsudd, 1987), or providing insuffi
cient information for assessment (Brooks, 1986; 
DiSarno & Barringer, 1987; Majerus et al., 2005; Nittrouer 
& Lowenstein, 2024). Forty-eight per cent of studies 
reported on all important confounding variables 
(Aarhus et al., 2015; Aarhus et al., 2016; Aarhus et al., 
2020; Bennett & Haggard, 1999; Fougner et al., 2017; 
Mortensen et al., 2013; Pearson et al., 2015; Roberts 
et al., 2002; Silva et al., 1986; Zumach et al., 2009; 
Zumach et al., 2010; Zumach et al., 2011), and all but 
one included these variables in analysis (Silva et al., 
1986). Results were unreliable or poorly reported 
across almost all studies – almost half of the included 
studies had results which were deemed not believable 
(Aithal et al., 2008; Brooks, 1986; DiSarno & Barringer, 
1987; Fougner et al., 2017; Gravel et al., 1995; Gravel 
et al., 1996; Kaplan et al., 1973; Majerus et al., 2005; Para
dise et al., 2007; Ruben, 1999; Rudin & Svardsudd, 1987; 
Žargi & Boltežar, 1992), and precision could not be 
assessed in 68% of studies (Aithal et al., 2008; Brooks, 
1986; Fougner et al., 2017; Gravel et al., 1995; Gravel 
et al., 1996; Hogan et al., 2014; Kaplan et al., 1973; 
Majerus et al., 2005; Nittrouer & Lowenstein, 2024; Para
dise et al., 2007; Roberts et al., 2002; Ruben, 1999; Rudin 
& Svardsudd, 1987; Silva et al., 1986; Zumach et al., 2009; 
Zumach et al., 2010; Zumach et al., 2011; Žargi & Bolte
žar, 1992). Only 36% were deemed to be applicable to 
the Australian context (Aarhus et al., 2015; Aithal 
et al., 2008; Bennett & Haggard, 1999; Fougner et al., 
2017; Hogan et al., 2014; Pearson et al., 2015; Silva 
et al., 1986; Zumach et al., 2009; Zumach et al., 2011).

Discussion

Our study is the first systematic review of the long- 
term outcomes of otitis media and associated 
hearing loss. For the first time, this systematic review 
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demonstrates a trend of poorer long-term outcomes 
for children with a history of OM. More specifically, 
these children have poorer behavioural health, aca
demic achievement, and audiological health. This 
review further shows there is a paucity of research 
on the long-term outcomes of OM and resultant 
hearing loss. There is a lack of research in populations 
at high risk, as well as limited studies analysing out
comes in adulthood, with the available research gener
ally of low quality.

No studies were conducted in Asia, Oceania, or 
Africa, despite being the regions with the highest inci
dence rates globally (Monasta et al., 2012), and only 
three studies focussed on Indigenous Peoples. One 
study was conducted with Aboriginal or Torres Strait 
Islander Peoples (Aithal et al., 2008), and two studies 
with Inuit populations (DiSarno & Barringer, 1987; 
Kaplan et al., 1973), with all three studies of poor 
quality. In Australia, Aboriginal and Torres Strait 
Islander children have a significantly higher burden 
of disease than their non-Indigenous counterparts 
(Jervis-Bardy et al., 2014), and similar trends can be 
seen in First Nation’s children globally (Gunasekera 
et al., 2008), yet little is known about the long term 
implications of this. Further culturally safe research 
should be conducted with First Nations populations 
to identify the long-term implications of OM and 
hearing loss, to allow for targeted service provision 
and policy.

The literature identified in this review demonstrated 
children with a history of OM tended to have worse 
behavioural outcomes at school age than their peers, 
however no difference in their social skills later in life. 
Although limited studies explored this connection, 
these results align with behavioural difficulties that 
can be seen in children who are deaf and hard of 
hearing (Bigler et al., 2019; Stevenson et al., 2015) as 
well as children with slight to mild hearing loss (le 
Clercq et al., 2020). In this review, a trend of poor aca
demic performance was further seen in 9 out of 13 
studies investigating academic outcomes. Both 
hearing impairment and behavioural problems are 
associated with poor academic achievement (Idstad 
& Engdahl, 2019; Järvelin, Mäki-Torkko, Sorri, & Ranta
kallio, 1997; Kremer, Flower, Huang, & Vaughn, 2016; 
Lieu, 2004) which may contribute to this finding. Our 
results further align with a data linkage study examin
ing hearing impairment and early academic achieve
ment in Aboriginal children living in remote 
communities, a population with a high prevalence of 
OM (Su, Guthridge, He, Howard, & Leach, 2020). Su, 
Guthridge (Su et al., 2020) found Aboriginal children 
in remote communities with a history of hearing 
impairment are at higher risk of poor academic 
achievement, compared to those from the same popu
lation with normal hearing. Aboriginal children in 
remote communities of the Northern Territory with 

hearing impairment were further found to have 
worse school attendance rates than their peers (Su 
et al., 2019). Only one identified study investigated 
academic outcomes in Aboriginal children from the 
Tiwi Islands with OM, which found they had poorer 
speech than their peers (Aithal et al., 2008), however 
this study was of low methodological quality (see 
Table 2). Given the heterogeneity of measures used 
to assess academic outcomes, it is challenging to 
perform cross study comparisons and gain a full 
impression of the impact of OM on behaviour and aca
demic outcomes, as well as the effect these outcomes 
have on each other. Further studies should be con
ducted measuring validated outcomes in at-risk 
groups to assess the impact of OM in these areas.

Children with a history of OM consistently demon
strated worse audiological function, specifically, audi
tory processing deficits. Poor auditory processing 
abilities can present with behavioural issues, and con
tribute to academic difficulties (Bamiou, Musiek, & 
Luxon, 2001; de Wit et al., 2016). In classrooms where 
there is competing noise, children may have issues 
with inattention and distractibility, whilst due to poor 
auditory pattern recognition they may have difficulty 
following instructions, contributing to poor behav
ioural outcomes, and impacting their ability to 
engage in the classroom (Bamiou et al., 2001; de Wit 
et al., 2016). Auditory processing deficits are also 
associated with poor non-verbal intelligence, language 
and reading skills, and cognitive function, additionally 
impacting academic performance (de Wit et al., 2016). 
This relationship aligns with the trend of poor aca
demic achievement and behavioural outcomes in chil
dren with OM as seen in this review.

Several outcomes of interest included in the search 
strategy were not identified through this systematic 
review including mental health, unemployment, impri
sonment, and socioeconomic status; factors known to 
be associated with hearing loss, and auditory proces
sing. Hearing loss is associated with depression in chil
dren (Theunissen et al., 2011) and later life psychosis 
(Linszen, Brouwer, Heringa, & Sommer, 2016), unem
ployment and underemployment, economic hardship, 
and early retirement, (Emmett & Francis, 2015; Helvik, 
Krokstad, & Tambs, 2013; Jung & Bhattacharyya, 
2012) and socioeconomic status is associated with 
auditory processing deficits (Carvalho, Novelli, & 
Colella-Santos, 2015; Tabone, Said, Grech, & Bamiou, 
2017). The interrelation of these factors with OM 
should be explored further.

As OM is a common disease of childhood affecting 
almost all children (Menzies School of Health Research, 
2020) the degree of exposure is important to consider 
when analysing outcome measures. There was signifi
cant variety in exposure measurements across all 
papers. Many papers used parent or patient-reported 
history of OM to group participants (Bennett & 
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Haggard, 1999; Fougner et al., 2017; Hogan et al., 2014; 
Kaplan et al., 1973; Nittrouer & Lowenstein, 2024; Rudin 
& Svardsudd, 1987; Žargi & Boltežar, 1992). Several 
papers screened patients at a single time point 
without differentiating history, or recurrent exposure 
(Aarhus et al., 2015; Aarhus et al., 2016; Aarhus et al., 
2020; Brooks, 1986; Pearson et al., 2015; Silva et al., 
1986). One paper used ear drum pathology at time 
of outcome to identify cases and controls (Aithal 
et al., 2008). These measures are unlikely to be reliable, 
and do not allow for differentiation of severity of 
disease. Cross-study comparison is significantly 
impaired by variation in diagnostic criteria, for mean
ingful comparison alignment of exposure measures 
should be attempted.

In Australia, OM is a commonly managed condition 
in primary care. OM makes up 6% of all general prac
titioner (GP) encounters in children under 15 years of 
age, and is the 3rd most common problem managed 
by GPs, after URTIs and immunisations (Britt, Charles, 
Harrison, & Bayram, 2015). No studies included in this 
review analysed data from primary care, impairing 
application to local practice.

Strengths

A key strength of this study is that it is the first sys
tematic review to evaluate the long-term outcomes 
of OM and associated hearing loss in childhood. 
This review has given a broad overview of the pub
lished literature, and importantly, for the first time, 
identified key trends and gaps in the literature for 
further investigation. This review closely adhered to 
the PRISMA guidelines and was registered in PROS
PERO prior to completion. An explicit question was 
answered, with well-defined inclusion and exclusion 
criteria. An extensive search was conducted to 
capture a broad array of outcomes using a search 
strategy supplemented by validated search filters 
(Prady et al., 2018). A rigorous review process was 
undertaken to minimise bias, using two independent 
reviewers at all stages of screening, and a thorough 
process of conflict resolution was followed through
out. Although a meta-analysis was unable to be per
formed, analysis was performed using vote counting 
as per the Cochrane handbook (McKenzie & 
Brennan, 2019).

Limitations

Limitations of this study can be seen in the search 
strategy. The search was limited as only explicit diag
nosis of OM was used as inclusion criteria - several 
studies used hearing loss as a surrogate marker of 
OM to explore outcomes, with these studies excluded. 
Given the aetiology of hearing loss can be broad, we 
believe this was an important measure in ensuring 

results attained reflect OM-induced hearing loss. Out
comes of interest were specified in the search terms 
explicitly, and as a result, certain outcomes unknown 
to the researchers may have not been picked up in 
the search. Several searches were completed prior to 
the final search to optimise the search strategy, a litera
ture review was completed prior to creating the search 
protocol to identify areas of concern, and the WHO 
social determinants of health were used to identify 
key outcomes for investigation to mitigate this issue. 
Limitation is further seen in restricting studies to 
English only – as discussed previously, areas of high 
incidence are largely non-English as first language 
countries, hence key papers may have been missed 
(Monasta et al., 2012).

There were limitations in the analysis and review 
process of this study. Due to significant heterogen
eity of outcomes assessed no meta-analysis could 
be completed, limiting cross-study comparison. Vote 
counting was used for statistical analysis, however 
this method is limited as it does not provide infor
mation on the magnitude of effect, or account for 
relative size of studies (McKenzie & Brennan, 2019). 
Bias was potentially introduced due to consensus 
being completed by one of the extractors when inde
pendent data did not align. This bias was minimised 
however through a thorough review process in the 
case of conflicts.

Implications for practice, policy, and future 
research

Findings of this review indicate poor behavioural and 
academic outcomes for children with a history of 
OM, along with auditory processing deficits. Given 
the poor quality of research, definitive implications 
for policy and practice cannot be determined, 
however following further research, programs aimed 
at young children in school with a history of OM may 
be of benefit to help mitigate the long-term detrimen
tal outcomes seen in this review.

Findings from this review suggest a low-quality 
body of evidence, with limited evidence in at-risk 
populations and outcomes into adulthood. Further 
research should be conducted to fill the gaps ident
ified, specifically studies exploring outcomes into 
adulthood, long-term outcomes in at-risk popu
lations, and investigation into unassessed measures 
known to be associated with hearing loss – SES, 
mental health, and employment. Future research 
should aim for consistency across exposure and 
outcome measures to allow for improved cross- 
study comparison. Following this review, several 
important questions are worth further exploration. 
OM is common in childhood, however certain chil
dren are more affected, is there a dose–response 
relationship between OM and the long-term 
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outcomes seen in this review? Why do some children 
with OM have poor longitudinal outcomes, and 
others do not? These questions should be answered 
to better understand the long-term effects of OM, 
and to help guide future interventions.

Conclusion

This systematic review has analysed the long-term out
comes of OM and resultant hearing loss and is the first 
of its kind to do so. This review has identified a trend of 
poor academic and behavioural outcomes, largely align
ing with long-term outcomes of hearing loss, as well as 
ongoing poor audiological functioning. This review has 
further identified significant gaps in the evidence includ
ing limited recent studies, studies analysing outcomes 
into adulthood, and studies analysing high-risk popu
lations, including First Nations peoples. Although a 
highly heterogenous, low-quality body of evidence, this 
review raises important implications for future practice 
and research to fully understand the long-term outcomes 
of OM and hearing loss. Future research should aim to fill 
the gaps in the literature using consistent exposure and 
outcome measures, as well as determine if number and 
severity of OM exposure effects long-term outcomes, to 
allow for appropriate intervention.
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