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ABSTRACT
Objectives: There is currently no agreed Australian
standard for the diagnosis of autism spectrum disorder
(ASD) even though there are specific diagnostic
services available. We suspected inconsistency in the
diagnostic practices of health professionals in Australia
and aimed to assess these practices across the nation
by surveying all relevant professional groups.
Design: In this study, we completed a survey of 173
health professionals whose clinical practice includes
participating in the diagnostic process for ASD in
Australia. Participants completed an online
questionnaire which included questions about their
diagnostic setting, diagnostic practice and diagnostic
outcomes in 2014–2015.
Participants: Participants covered a range of
disciplines including paediatrics, psychiatry,
psychology, speech pathology and occupational
therapy. All states and territories of Australia were
represented.
Setting: Participants came from a range of service
settings which included hospitals, non-governmental
organisations, publicly funded diagnostic services and
private practice.
Results: There was variability in diagnostic practices
for ASD in Australia. While some clinicians work within
a multidisciplinary assessment team, others practice
independently and rarely collaborate with other
clinicians to make a diagnostic decision. Only half of
the respondents reported that they include a
standardised objective assessment tool such as the
Autism Diagnostic Observation Schedule in ASD
assessments, and one-third indicated that they do not
include measures of development, cognition and
language in assessments where ASD is suspected.
Conclusions: Reported practice of some professionals
in Australia may not be consistent with international
best practice guidelines for ASD diagnosis. These
findings highlight the need for a minimum national
standard for ASD diagnosis throughout Australia that
ensures best practice regardless of the type of setting in
which the service is provided.

In the absence of biomarkers, diagnosis of
autism spectrum disorder (ASD) is based on
the behavioural presentation of an

individual. The ‘gold standard’ in ASD diag-
nosis is a best estimate clinical diagnosis
which is determined in accordance with
current diagnostic classification systems and
following rigorous assessment practices.
There is general consensus that a rigorous
diagnostic assessment for ASD would consist
of a physical examination, hearing test, child
observation and parent interview which
includes a full developmental history (NICE,
2011). ‘Best-practice’ ASD assessments are
more comprehensive, and also comprise
standardised developmental or cognitive
testing, language assessment and information
from more than one setting, ideally from a
source other than the parent or carer who
has been interviewed.1–5 Rigorous assess-
ments enhance the accuracy of diagnoses
and provide information about an indivi-
dual’s strengths and difficulties which is
important for intervention planning.
Despite the internationally recognised best

practice guidelines for ASD diagnosis,3 and
position statements from professional
bodies6–8 Australia does not have a national
standard for ASD diagnosis. In addition,
health services are governed on a state or ter-
ritory basis, rather than on a national level.
While in some jurisdictions, eligibility for
publicly funded intervention for children
with ASD requires a diagnosis made by a
multidisciplinary team comprising a medical

Strengths and limitations of this study

▪ This is the first national study to investigate the
diagnostic practices of health professionals from
different disciplines across Australia.

▪ While the study included clinicians from a range
of professional backgrounds, there were an
unequal number of respondents from each pro-
fessional group.

▪ Respondents were self-selected and may be
committed to high standards of clinical practice.
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professional, psychologist and speech pathologist, other
states have less stringent criteria, requiring only a paedia-
trician or a psychiatrist. Furthermore, eligibility for
funding from the Helping Children with Autism
funding package is determined following a conclusive
ASD diagnosis which can be provided by a single paedia-
trician or a psychiatrist.9

Identifying ASD accurately and early is essential given
that state and federal funding for early intervention is
based on a formal diagnosis made before a child turns
7 years.9 An inaccurate diagnosis may mean that chil-
dren are not eligible for early intervention which con-
tains elements that specifically focus on areas of
difficulty in ASD.10 Alternatively, children who are mis-
diagnosed with ASD may access services that are not
relevant or effective for their areas of difficulty thereby
wasting resources. In addition, it is well established that
early intervention improves outcomes for children with
ASD11 12 and that children who start intervention at a
young age make more improvements than children who
start at an older age.13–15 While ASD can be reliably
diagnosed at two years,16–18 the average age of diagnosis
in Australia is over 4 years (49 months), with ASD most
frequently diagnosed at 71 months19 Variability in the
age of diagnosis has been observed between Australian
states, with significantly earlier age of diagnosis in
Western Australia and New South Wales relative to all
other states and territories. The variation in age at diag-
nosis may be associated with inconsistent diagnostic
practices across the nation.
While three previous studies have investigated diagnos-

tic practices for ASD in Australia, this research has
included only paediatricians,20–24 psychiatrists20 23 24 and
psychologists.24 Skellern et al22 examined the assessment
practices of paediatricians (N=79) and child psychiatrists
(N=26) in Queensland, finding considerable variability in
the diagnostic practices of these clinicians.2 The results
of a more recent survey has shown similar findings. In a
study of 124 paediatricians across Australia, Randall et al20

found that only a minority of participating clinicians
usually included information from cognitive/develop-
mental assessments, or involved other disciplines in the
diagnostic process. These practices are inconsistent with
current clinical guidelines for ASD diagnosis.4 7 The lack
of consistent standards in Australia likely results in differ-
ent diagnostic protocols and variability in the quality and
accuracy of ASD diagnoses.
To date, no national research has been conducted to

investigate diagnostic practices for ASD across all health
professions and throughout Australia. We aimed to
include a sample of clinicians that covered a range of dis-
ciplines, states, geographic locations and service settings.
In this study, we compared diagnostic practices for ASD
across the Australian states and between clinicians who
are experienced in the assessment and diagnosis of ASD.
Given that there is no national standard for ASD diagno-
sis, it was hypothesised that there would be variability in
diagnostic practices across states and between clinicians.

METHOD
Participants
We aimed to include responses from a range of profes-
sional groups, working across different clinical and geo-
graphical locations, to reflect the diversity of diagnostic
assessment practice in Australia. Recruitment took a
multifaceted approach: (1) The Cooperative Research
Centre for Living with Autism (Autism CRC) website
and social media platforms were used to advertise the
research. The Autism CRC is a national cooperative
research effort focused on ASD across the lifespan which
includes universities, government agencies, service provi-
ders, Autism awareness groups and professional bodies;
(2) relevant member bodies and professional organisa-
tions, including Speech Pathology Australia, the
National Rural Health Alliance, the Western Australian
Autism Diagnostician’s Forum, the Neurodevelopmental
and Behavioural Paediatric Society of Australasia and
the Autism South Australia diagnostician’s membership
list, distributed information about the survey via mailing
lists, newsletters and social media platforms; (3) psychol-
ogists with contact details listed on the Australian
Psychological Society ASD Provider list were individually
emailed and invited to participate in the research; (4)
government-funded diagnostic services in each state
were identified and the survey was either emailed or
mailed to each service, along with a personalised letter
inviting the service to complete the survey and (5) the
researchers used individual networks to distribute the
survey to colleagues. All states and territories,i as well as
all disciplines included in multidisciplinary assessments
for ASD were represented (see table 1).
There was a similar number of responses from the

public/non-government (n=66, 38%) and private (n=76,
43%) sectors, with 31 (19%) respondents working in the
public and private sectors.ii Public services and non-
government organisations (NGOs) were grouped when
participants provided background information.
Respondents who indicated that they worked in the
public sector or NGO (n=38) were asked to specify
whether this was a hospital (n=27), government (n=21)
or NGO (n=17). There were only eight completed
responses obtained for health professionals working in
NGOs, so the public/NGO grouping was retained
throughout the data analysis.
A similar proportion of the respondents worked as

sole practitioners (n=49; 37%) and within a multidiscip-
linary team (n=52; 39%), with 31 (23%) respondents fol-
lowing ‘other’ models of practice, working as a sole

iThere are six Australian states, New South Wales (NSW), South
Australia (SA), Victoria (Vic), Queensland (Qld), Tasmania (Tas) and
Western Australia (WA), and two territories, the Australian Capital
Territory (ACT) and the Northern Territory (NT).
iiParticipants who reported that they had part-time employment in the
public and the private sectors were asked to indicate which setting was
their primary setting, that is, where they spend more than 50% of their
time. All responses were then based on the primary practice setting.
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practitioner and within a multidisciplinary team (MDT).
While there was no significant difference in the propor-
tion of practitioners working in MDTs or as sole practi-
tioners across states, χ2 (5, N=101)=10.16, p=0.07,
Φ=0.32, there was a higher proportion of MDT practi-
tioners in the public (69%), relative to the private
(35%) sector, χ2 (1, N=101)=12.21, p<0.001, Φ=0.35.
Conversely, a higher proportion of sole practitioners
came from the private (69%) relative to the public
(31%) sector.
Participants had been involved in ASD diagnosis for a

median of 9.5 years (SD=7.50 years, range 1–30 years).
Seventy-six participants (85%) had completed training
in ASD assessment. Training consisted of either under-
graduate or postgraduate education, supervision, case
discussions or participation in courses for the adminis-
tration of the Autism Diagnostic Observation
Schedule,25 Autism Diagnostic Interview-Revised26 or
Developmental, Dimensional and Diagnostic Interview.27

Procedure
Participants completed an anonymous 141-item ques-
tionnaire that was presented via Qualtrics (Qualtrics,
Utah, USA), an online survey platform. The survey was
initially piloted by eight clinicians and researchers with
expertise in ASD and revised based on feedback from
this group prior to administration. The survey contained
questions that fell into three categories: (1) diagnostic
service, (2) diagnostic practice and (3) diagnostic out-
comes (see online supplementary appendix A for more
information on the types of questions included in the
survey).
Background information, such as discipline, years of

professional experience and type of training the
respondent had participated in was also gathered.
Questions were presented in a categorical format (Yes/
No), or on a seven-point Likert scale which ranged from
1 (Never) to 7 (Always). Some questions, such as the
number of assessments completed in the past
12 months, required a numerical response. Respondents
also provided some percentage responses, for example,

the percentage of assessments in which they collaborate
with other professionals. A copy of the questionnaire is
available from the Autism CRC on request.

Statistical analysis
The survey was designed so that participants were only
required to respond questions that were directly relevant
to their practice. This resulted in different numbers of
responses for different questions. Data were analysed
based on the number of responses recorded for each
question. All data were screened for normality prior to
analysis. Non-parametric tests (Kruskal-Wallis and
Mann-Whitney U) were used where the data were not
normally distributed. Otherwise, continuous data were
analysed using analysis of variance (ANOVA), with post
hoc (Scheffe’ test) comparisons used to follow-up signifi-
cant omnibus ANOVA results. Categorical data were ana-
lysed using the chi-square test.

RESULTS
Response and completion rates
Two-hundred and forty-five potential participants
opened the survey, with 173 of these individuals pro-
ceeding beyond the first question. Complete responses
were obtained for 99 of the respondents who started the
questionnaire, resulting in a completion rate of 58%.

Diagnostic processes
Wait-list periods: The wait-list period for an ASD assess-
ment was significantly longer in public/NGO relative to
private settings (see table 2). While most of the private
diagnostic services (n=52, 88%) start ASD assessments
within 3 months of referral, wait times in the public
sector were variable, with only 23 of the 50 respondents
(46%) reporting wait-list times of 3 months or less (see
figure 1). The wait for an MDT assessment (median=12
weeks, SD=25.75, range=1.5–108 weeks) was also longer
than for a sole practitioner (median=4 weeks, SD=9.84,
range=1–52), Mann–Whitney U=511, p=0.005, perhaps
due to the higher number of MDTs in the public sector
relative to the private sector.

Table 1 Number of respondents from each state or territory of Australia, categorised by profession

Australian state/territory

ACT NSW NT Qld SA Tas Vic WA Total

General practice – – – – – – 1 – 1

Paediatrics – 7 1 4 8 3 5 4 32

Psychiatry – 2 1 – – – – 1 4

Psychology 2 13 – 9 14 6 14 17 75

Speech pathology – 3 3 2 15 4 11 8 46

Occupational therapy – 1 – 2 2 – 4 – 9

Other* – 2 – 1 1 1 1 – 4

Total 2 28 5 18 40 14 36 30 173

*Comprising one manager (TAS), researcher (QLD), dual paediatrics/psychiatry (VIC), autism consultant/researcher (SA) and not specified
(NSW).
ACT, Austrlian Captial Territory; NT, Northern Territory; NSW, New South Wales; QLD, Queensland; SA, South Australia; Tas, Tasmania; Vic,
Victoria; WA, Western Australia.
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Assessment sessions and length: Respondents (n=106)
completed a median of 2 (range=1–6.5) sessions for
ASD assessments with a median assessment length of
90 min (SD=98.15 min, range 30–600 min). There was
no difference in the number of assessment sessions com-
pleted in the private relative to the public sector (see
table 2). However, assessment sessions in the public
sector were significantly longer than those in the private
sector.
Multidisciplinary assessment: MDTs (n=52) most com-

monly consisted of one medical and two allied health
professionals, usually a psychologist and a speech path-
ologist. All of the participating occupational therapists
were part of an MDT. Most MDTs conducted assessments
either in series, together, partially together or in collab-
oration, that is, each clinician completes an independ-
ent assessment, but all assessors meet to make a
consensus diagnostic decision (see figure 2). In contrast,
sole practitioners (n=49) tended to complete assess-
ments in isolation or in series, that is, assess an individ-
ual independently one after the other. Only small
numbers of the sole practitioners reported collaborating
with other clinicians, with 1 of the 15 (7%) sole practi-
tioners working in isolation and 4 of those working in
series (17%) collaborating with external agencies.

Multisetting assessment: The majority of the 108
respondents (95%) observed the individual in the clinic
in all assessments (median frequency=100% of assess-
ments, SD=31%, range=0–100%). Assessments in the
home or school/daycare settings were less frequent, with
47% of respondents including home observations
(median frequency=0% of assessments, SD=22%,
range=0–100%) and 77% of respondents including
observations in the school or daycare (median fre-
quency=20% of assessments, SD=31%, range=0–100%).
Only two clinicians (2%), both from the public sector,
include clinic and school/daycare observations in more
than 75% of the assessments, with 12 clinicians (11%), 4
private practitioners and 8 from the public sector, com-
pleting observations in the clinic and home settings.
Three respondents (3%), 2 from the private sector and
one from the public sector, observed a child in the
home and school/daycare settings in more than 75% of
the assessments.

Diagnostic practices
Hearing test: In the Australian clinical pathway, it would
be expected that the paediatrician conducts a hearing
assessment before referring a child to an allied health
team for an ASD assessment.7 Of the paediatricians
(n=20) surveyed, only 2 (10%) reported that a hearing
test is included in all ASD assessments. Another 2 pae-
diatricians (10%) indicated that they rarely include a
hearing test in ASD assessments, 5 reported occasionally
or usually (ie, in 30–50% of assessments) and 11 paedia-
tricians (55%) reported to include a hearing test fre-
quently or usually (ie, 70–90% of assessments) where
ASD is suspected.
Medical investigations: All of the paediatricians who

include medical investigations in ASD assessments
reported completing a genetic screen, Fragile X test and
neurological and physical examinations. Of the 21 pae-
diatricians, 15 respondents (71%), reported that they

Figure 1 Total number of public and private services which

have wait-list periods of <3 months to more than 12 months.

Table 2 Median (SD) and range for the wait-list period,

number of assessment sessions and length of assessment

sessions for diagnosticians in the private and public

sectors

Private Public U p Value

Wait-list period (in weeks)

Median (SD) 4 (15.5) 16 (20) 581 <0.001

Range 1–52 2–108

Assessment sessions

Median (SD) 2 (1.3) 2 (1.3) 1072 0.056

Range 0–6.5 1–6.5

Assessment length (in minutes)

Median (SD) 90 (88.6) 120 (108.8) 1012 0.03

Range 30–420 40–600
Figure 2 Proportion of sole practitioners and MDTs who

conduct ASD assessments in isolation, together, partially

together, in series or in collaboration with professionals from

another discipline. ASD, autism spectrum disorder; MDT,

multidisciplinary team.
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include medical investigations frequently or usually
(more than 70% of their assessments), with only 4 pedia-
tricians (19%) including medical investigations in all
assessments where ASD is suspected.
Assessment measures: A total of 107 participants

responded to questions regarding the administration of
assessment tools. A developmental history was reported
to have been undertaken by 89% of these respondents.
Of these, 66 (62%) reported always administering stan-
dardised assessments in diagnostic evaluations for ASD,
and 21 (20%) reported doing so frequently or usually
(in 70–90% of ASD assessments). There was no differ-
ence in the proportion of respondents who frequently
administer assessments in private (n=51, 88%) relative to
public (n=36, 77%) service settings, χ2 (1, N=87)=2.35,
p=0.13, Φ=0.15, nor were there differences in the pro-
portion of respondents who administer assessments by
state, χ2 (5, N=105)=2.95, p=0.71, Φ=.17.
Participants who reported administering assessments

(n=105) were asked to indicate which types of assess-
ments are included in diagnostic evaluations for ASD.
Since some measures are restricted to particular disci-
plines, it was unsurprising that there was variability in
the proportions of clinicians administering cognitive,
language and adaptive assessments and measures of
ASD symptomatology (see table 3). In addition, only 50
respondents (47%) administer the ADOS and 41 (39%)
the ADI-R. Thirty-two respondents (30%) use the ADOS
and the ADI-R together in diagnostic evaluations for
ASD.
Of the 105 respondents who indicated that they admin-

ister assessments as part of diagnostic evaluations for
ASD, only 8 (8%) reported that they complete an assess-
ment battery comprising measures of developmental,
cognitive, language, adaptive skills and ASD symptomatol-
ogy. The numbers increased only marginally when we
examined developmental and cognitive assessments sep-
arately, with 11 respondents (10%) completing a develop-
mental assessment in addition to measures of language,

adaptive skills and ASD symptoms, and 14 (13%) com-
pleting a cognitive assessment in addition to these other
measures. Taking the profession-specific assessments sep-
arately showed that 27 psychologists (53%) administered
cognitive and adaptive assessments in addition to mea-
sures of ASD symptomatology, and 14 speech pathologists
(56%) administered language assessments in addition to
measures of ASD symptomatology.
To account for clinicians who may review the results of

assessments that are administered by other disciplines,
we also asked participants to indicate whether they
review assessment results. Sixty-seven (68%) respondents
reported that they review assessment results. There were
no differences in the proportion of respondents from
each profession, χ2 (4, N=98)=6.29, p=0.18, Φ=0.18, or
state; χ2 (5, N=98)=2.31, p=0.80, Φ=0.15 who review the
results of assessments. Finally, we investigated whether
respondents who do not regularly administer assess-
ments (ie, in <30% of assessments), review assessment
results instead. Six of the 17 respondents (35%) who do
not regularly administer assessments always review assess-
ment results. A further 3 respondents (18%) who do not
regularly administer standardised assessments often
review these results of assessments that have been admi-
nistered in other settings.
Two respondents, both sole practitioners, reported

that they do not administer standardised assessments in
diagnostic evaluations for ASD. These respondents
reported that they do not administer standardised mea-
sures because they are not part of everyday practice, or
because they have already been administered at another
service. In addition, one respondent reported that the
standardised measures are not required because diag-
nostic decision-making is outlined in the Diagnostic and
Statistical Manual Fifth Edition.
Assessment of co-occurring neurodevelopmental or

mental health conditions: Only 23 of the 105 respon-
dents (22%) who administer standardised assessments
include additional measures of behaviour or

Table 3 Proportion of respondents (N=105) from each discipline who administer developmental, cognitive, language,

adaptive, ASD or psychometric assessments

Developmental (%) Cognitive (%) Language (%) Adaptive (%) ASD (%) Other (%)

Paediatrics (N=21) 23.81 28.57 28.57 19.05 57.14 0

Psychiatry (N=3) 0 0 0 33.30 66.67 0

Psychology (N=51) 35.29 70.59 29.41 72.55 90.20 39

Speech pathology (N=25) 20.00 20.00 92.00 24.00 64.00 12

Occupational Therapy (N=3) 33.33 33.33 33.33 66.67 66.67 0

Other (N=2) 50 0 0 50 100 0

Respondents were given a list of assessments that fitted within each category, but were also able to specify other measures that they
administer. Example assessments within each category are described at the foot of the table.
Developmental assessments: Griffiths, Bayley, Mullen.
Cognitive assessments: WPPSI, WISC, WAIS, Leiter, UNIT, WNV.
Language assessments: CELF, CASL, CCC-2, CC-A, PLS.
Adaptive assessments: VABS, ABAS, ABS, Scales of Independent Behaviour.
ASD assessments: ADOS, ADI, 3Di, DISCO, CARS, M-CHAT, SCQ, ASSQ, ASRS, CAST, SRS.
Other assessments: Connor’s, CBCL, SDQ, BRIEF, Depression, Anxiety.
ASD, autism spectrum disorder.
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psychopathology. The majority of these clinicians were
psychologists (see table 3).
Facing uncertainty in diagnosis: Forty-seven of the 97

(48%) participants who responded to this question
reported that they make provisional ASD diagnoses when
faced with diagnostic uncertainty. There was no differ-
ence in the proportion of provisional diagnoses between
the private and public settings, χ2 (1, N=97)=2.53, p=0.11,
Φ=0.16, or across the states, χ2 (7, N=97)=12.8, p=0.08,
Φ=0.36. Of the respondents who make provisional diag-
noses, 34 (72%) reported that this label is rarely used,
with the remaining 5 (11%) and 2 (4%) reporting that
provisional diagnoses are given occasionally and some-
times respectively. Provisional diagnoses were reportedly
given when individuals demonstrated subthreshold symp-
toms, were very young or would benefit from interven-
tion. Thirty-nine respondents (83%) reported that they
reassess individuals with provisional diagnoses within a
mean of 13 months (SD=7.96 months).
From 94 respondents, 16 (17%) reported that they

have diagnosed ASD when the person did not meet full
criteria for the condition. Fifteen of these respondents
(88%) reported that this has rarely occurred (<10% of
their assessments), with the remaining respondents indi-
cating that it has been occasional (about 30% of assess-
ments). While there was no significant difference in the
proportion of overdiagnosis coming from each state, χ2

(7, N=94)=2.41, p=0.79, Φ=0.16, a significantly higher
proportion of respondents who made a diagnosis when
the individual did not meet criteria came from the
private (81%) relative to the public (19%) sector, χ2 (1,
N=94)=4.50, p=0.035, Φ=0.22. When asked about the
reasons for making the ASD diagnosis, 14 (88%) clini-
cians reported that they thought that the individual did
have ASD, but that the assessment did not reveal the
individual’s actual diagnostic status. Other commonly
reported reasons for the diagnosis were to ensure that
the child could access early intervention (n=6), school
support (n=5) or disability services (n=3).

DISCUSSION
This study investigated the diagnostic practices for ASD
across Australia. The results show inconsistencies in ASD
assessment practices across the states, and between the
private and public service settings. In addition, some
clinicians in Australia may not be practising in a manner
that is consistent with international best practice guide-
lines4 or statements from Australian professional bodies7

for ASD assessment and diagnosis.
The current findings are consistent with the results

reported by Randall et al,20 who found that only a minor-
ity of Australian paediatricians follow current recommen-
dations for diagnosing ASD. Comprehensive diagnostic
assessments that comprise all of the recommended ele-
ments are lengthy and expensive, so it is possible that
the time required to administer standardised assess-
ments of ASD symptomatology in addition to conducting

observations of the individual across settings is prohibi-
tive for practitioners.
A small proportion of respondents (17%) reported

that they have diagnosed ASD when a person does not
meet the criteria for the disorder. This was more likely to
happen in the private sector than in the public sector.
The reasons for making this diagnosis included the
assessment did not adequately show the actual diagnostic
status or to ensure that the person could access early
intervention, support at school or access other disability
services. These findings are consistent with previous
research that has investigated the diagnostic practices of
clinicians in Queensland, the USA and the UK.21 23 28

The results of these previous studies have indicated that
up to 55% of participating health professionals had
increased the level of diagnosis or severity, most com-
monly because of a lack of diagnostic certainty, but also
to ensure that the individual could access funding, educa-
tional support or other services. The intentional ascrip-
tion of an inaccurate diagnosis to facilitate access to
services may contribute to the increased diagnostic rates
over time. Indeed, Nassar et al29 found that the increased
incidence of ASDs in WA was related to changes in diag-
nostic practices and service provision in this state. These
findings highlight the complexity of ASD diagnosis and
the challenges associated with funding being designated
according to diagnosis rather than need.
While the sample size in this study was small, the

response rate is consistent with previous research indicat-
ing that the average response rate for surveys is 55.6.30

The number of completed responses in our survey is
also consistent with similar surveys conducted in the UK
and Australia.24 28 In particular, Ward et al24 included
104 psychologists, psychiatrists and paediatricians. While
the number of responses in this study was similar to
Ward et al, our survey includes a wider range of disci-
plines and covers a greater number of Australian states
and territories. Furthermore, our results are consistent
with several smaller surveys of Australian paediatricians
and psychiatrists, which reported variations in assess-
ment and diagnostic practices between clinicians and
across professional groups.22 23

Although our sample had representatives from all
states and relevant professions, the numbers were not
consistent across categories. In addition, respondents in
this study were self-selected, perhaps because of a strong
interest in good diagnostic standards, so the results may
not represent the broader population of diagnosticians
in Australia. Notwithstanding this, the findings suggest
the need for the development of national standards in
ASD diagnostic practices and the subsequent evaluation
of these standards.

CONCLUSION
This research is the first study to investigate diagnostic prac-
tices for a range of professionals across Australia. We found
that a number of health professionals are conducting
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assessments that are inconsistent with best practice guide-
lines. This may contribute to poor quality assessments and
impact estimates of ASD prevalence in Australia.
Assessments that do not comply with best practice guide-
lines may also lead to delayed diagnosis and access to inter-
vention services. Conversely, assessments that more closely
resemble current clinical guidelines for ASD diagnosis may
be costly and associated with longer wait-list periods.
Therefore, there is a need to balance the quality and cost
of ASD assessments to ensure that ASD diagnoses are con-
ducted in a thorough but efficient manner. In addition,
findings regarding the possible overdiagnosis of ASD have
implications for service delivery, particularly when funding
and service provision is determined based on diagnosis.
These findings have implications for future policy, particu-
larly with regard to establishing a national standard in ASD
diagnosis, to ensure an equitable process for families and
individuals with ASD.
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Plasticity of the auditory system: theoretical considerations

Abstract
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Auditory plasticity refers to the possibility of anatomical and/or functional changes in the system 
where transmission of auditory information takes place. The auditory system is often required in 
communication; it is important to learn how the auditory system reacts to stimuli in order to improve 
performance in individual communication of subjects with impaired hearing. 

Aim: To review the literature on auditory plasticity and the possibility and ability of plastic responses 
in the auditory system; also to review the evidence of auditory plasticity. 

Methodology: A review of the Brazilian and international literature (journals, books, and graduate 
studies) was carried out. The MEDLINE, SCIELO, BIREME, PUBMED, and LILACS data bases were 
consulted, as well as 24 papers from the 1990s to the present date; each paper was assessed for 
relevance to the topic. 

Conclusion: The findings showed that the auditory system is able to reorganize itself if there is 
variation, whether by by reducing, increasing, or conditioning of sound stimuli. This is evidence of 
plasticity in the auditory system.
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INTRODUCTION

Neuroplasticity is the ability of the central nervous 
system to adapt to different stimuli - it is a current object 
of study. The ability that the auditory system has to change 
anatomically or functionally is named auditory plasticity1.

Hearing loss decreases the ability to perceive 
sounds, which causes several limitations in individual, 
social, and emotional development2,3.

Several studies have investigated the ability of the 
auditory sensory system to respond with plasticity to dif-
ferent types of injury4.

Scientific data on the evidences of plasticity in the 
auditory system were reviewed because of the importance 
of hearing, the number of individuals in all age groups 
being diagnosed with hearing loss, and the relevance of 
this topic.

A review of the Brazilian and international literature 
(journals, books, and theses) was made. The following 
databases were consulted: MEDLINE, SCIELO, BIREME, 
PUBMED, and LILACS. The key words were: “audition, 
hearing loss, neuronal plasticity”. As the review progresses, 
important references cited in the databases above were 
also consulted. After reading and analysis, this review 
comprised 24 published papers from the 1990s to the 
current date, taking into account the relevance of each 
document for the study topic.

Hearing
The hearing system consists of auditory sensory 

organs, nervous system auditory pathways, and brain 
structures that receive, analyze, and interpret sound 
information - it is used in communication contexts5. It 
is through language that Man is able to understand the 
world, organize his universe, make abstractions and con-
vey thoughts and feelings, understand others, interact with 
the milieu, and acquire knowledge. Thus, the more sound 
stimuli we receive, the more prepared are we to interact 
with other individuals2,3.

However, the auditory system is not always whole. 
The impact of hearing loss is significant; it affects not only 
the ability to understand information contained in sound 
but also the way in which an individual may related with 
the environment and culture. Additionally, hearing loss 
may have biological, psychological, and social effects2,6,7.

Neuroplasticity
“Plastic” derives from the Greek “plastikós”, which 

means molded. According to the Oxford English Diction-
ary, plasticity is the ability to undergo a change in shape1. 
The first author to introduce the term plasticity in neurosci-
ence was William James (in The Principles of Psychology, 
1890), when referring to the human behavior’s inclination 

to change. James wrote: “Plasticity [...] means the posses-
sion of a structure weak enough to yield to an influence, 
but strong enough not to yield all at once. Each relatively 
stable phase of equilibrium in such a structure is marked 
by what we may call a new set of habits. Organic matter, 
especially nervous tissue, seems endowed with a very 
extraordinary degree of plasticity of this sort; so that we 
may without hesitation lay down as our first proposition 
the following, that the phenomena of habit in living beings 
are due to the plasticity of the organic materials of which 
their bodies are composed” (p. 68)1.

According to Pascual-Leone et al.1, plasticity in the 
brain may be defined as a property of the nervous system 
to adapt, to change its structural and functional organiza-
tion. These authors also stated that brain plasticity is an 
intrinsic property of the nervous system that makes it 
possible for structure to change in response to experience 
and changes in the environment.

Behavior and experience equate with the activity 
of all neurons in the brain. These consist of neuronal 
networks that are an efficient, spatially compact, and pre-
cise medium for processing input signals and generating 
responses8.

Kaas9 has stated that there are ordered neuronal 
connections in sensorial systems in several levels of the 
brain that link with peripheral neural receptors and form 
sensory maps. Neuronal activity in a specific site of the 
somatosensory cortex is evoked by, for instance, stimulat-
ing a finger. These maps are altered when the surface of a 
peripheral receptor changes. If input is removed - such as 
when a limb is amputated - its somatotropic representation 
area in the sensory or motor cortex is not silenced; other 
sensorial receptors will stimulate central neurons that previ-
ously responded to the damaged receptors. Thus, plasticity 
or reorganization of the sensory map has taken place.

Some authors1 have argued that plasticity is always 
active. Therefore, it is a mistake to see plasticity as a 
property of the brain that is only active following injury 
to promote functional recovery or compensate functional 
loss. So, plasticity occurs whenever we undergo new 
experiences. After brain injury, behavior remains a con-
sequence of whole brain, and thus a consequence of a 
plastic nervous system.

In the past it was thought that plasticity did not take 
place in older individuals, and that it was limited in adult 
nervous systems. However, adult brains have been shown 
to be able to change and adapt to circumstances. Plasticity 
is expected to be less efficient with age; however, plastic 
mechanisms do not end at this or that age, and also take 
place in the elderly. Thus, it is incorrect to set limits to 
age groups before beginning treatment10-12.

During the 1950s, it was stated that language learn-
ing was only possible until the age 10 to 12 years; in other 
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words, plasticity was generally associated with critical win-
dows. This was based on the idea that the nervous system 
had a limited time to develop, and that certain abilities did 
not develop beyond a specific growth period in children. 
These ideas are currently being questioned10,13.

Plasticity of the Auditory System
Musiek et al.14 have defined plasticity of the audi-

tory system as change by nervous cell improvement due 
to environmental influences.

The hearing system is not fully developed at birth; 
it matures slowly after the inner ear starts to function. 
Sensory neuron plasticity is fundamental at the beginning 
of intrauterine and neonatal life, to consolidate hearing4,15.

Sensory system plasticity occurs in both peripheral 
receptor neurosensory tissues and central pathways4. 
Plasticity of the auditory system changes the physiologi-
cal, biochemical, and/or anatomical properties of central 
neurons in response to demands for transmitting acoustic 
information - it is also a biodynamic phenomenon. The 
auditory system reorganizes itself after any variation in 
auditory input because stimulus input may be decreased 
(cochlear injury) or new (postnatal development and when 
cochlear implants or hearing aids are placed)16.

Mecklenburg & Babighian13 assessed the results of 
a longitudinal study at the Medical School of Hannover of 
adult patients with deafness lasting over 20 years in whom 
cochlear implants were placed. With regards to auditory 
plasticity, the authors concluded that age-related neural 
stability may change, and that plasticity in the auditory 
nervous center appears to become slower in mature ner-
vous systems, although it persists throughout life.

Musiek & Berge17 argue that one of the types of 
plasticity is developmental. It is present when immature 
brains start to process sensory information, and remains 
until adult life. A recent study18 has suggested that the 
human auditory system also has developmental plasticity 
in the brainstem, and not only the cortex. This discovery 
has been interpreted in different stimuli and experience 
contexts.

Changes in the anatomical or physiological prop-
erties of the central auditory system may be induced by 
sensorineural hearing loss (primary plasticity), by rein-
troducing auditory stimuli (secondary plasticity), or by 
conditioning2,19.

Primary Plasticity
According to Willot19, hearing loss induces primary 

plasticity; however, it is not clear how it affects human 
hearing. More neurons focus on the frequencies that are 
still heard when frequency maps are reorganized. This al-
lows the auditory system to continue responding to sound, 
which benefits hearing. Nevertheless, the responses remain 

inadequate, as an abnormal number of neurons are ex-
cited by specific stimuli, which change the natural neural 
coding. The sound coding ability is also altered by two 
other conditions: the system does not realize that several 
neurons are now responding to the wrong frequencies; 
and it makes appropriate new associations between stimuli 
and neural responses.

Interaction plasticity (excitatory or inhibitory) that is 
evoked by binaural stimuli should also impact perception. 
This is particularly relevant for deprivation associated with 
monaural use of hearing aids. An example is the weakened 
ability of unaided ears - and the strengthened ability of 
stimulated ears - to evoke central responses. This would 
lead to unbalanced neural responses where the aided 
ear would be supported by binaural neurons at the cost 
of the less stimulated ear. With time, this could result in 
deprivation. Thus, the term deprivation would not be the 
most correct word; an association between plasticity and 
deprivation would cause hearing loss in unaided ears19,20.

Some authors have given much value to early fit-
ting of hearing aids and balanced stimulation of ears, and 
have suggested that symmetrical bilateral hearing loss with 
monaural hearing aid adaptation may become asymmetric 
because of unequal stimulation2,21.

Secondary Plasticity
Studies on the effects of deprivation and auditory 

stimulation on hearing perception have shown conclu-
sively that the development and function of the auditory 
system is related with the quantity and quality of auditory 
input2. Rodrigues & Miranda11 have shown that adequate 
stimuli need to be offered to the nervous system so that 
plasticity mechanisms may be set in motion.

If the central auditory system is able to reorganize 
itself following injury, the question is whether reintroduc-
tion of auditory stimuli by hearing aids or cochlear implants 
has the potential of provoking auditory plasticity.

Studies on plasticity have suggested that increased 
auditory stimulation because of amplification may induce 
secondary plasticity, which facilitates acclimation19-21.

Munro & Lutman22 have suggested that acclimation 
is the period that follows adaptation to hearing aids; au-
ditory abilities and speech recognition gradually improve 
because of new cues that become available to users.

If beneficial primary plasticity occurs in an indi-
vidual, sound amplification may have a negative effect, at 
least initially, due to distortion between acoustic stimuli 
and auditory responses that were initially used advanta-
geously by the hearing system. Frequencies that used to 
go unheard start to be heard again because of hearing 
aids, and the result is a competition for the old neurons. 
Thus, neural coding of sounds may raise new problems19.

Changes may occur in the organization of the 
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central auditory system between the onset of hearing 
loss and the moment when hearing aids are used. These 
should be fitted before the auditory system reorganizes 
and the opportunity for improving hearing passes. Sound 
amplification increases auditory stimuli, which may induce 
secondary plasticity, thereby contributing to aclimation3.

The true purpose of hearing aids should be to use 
stimulus reintroduction to induce secondary plasticity, 
returning representation maps to the due places. Hearing 
aids could have two effects if plasticity were used as a 
clinical tool: to restore sensitivity, and to change the central 
nervous system19.

Mecklenburg & Babighian13 have suggested that 
auditory plasticity is important for the treatment of deaf 
individuals of all ages in which cochlear implants are 
placed, as plasticity is related with the ability of the ner-
vous system to adapt to artificial stimuli. These findings 
demonstrate the capacity of the central nervous system 
to adapt to new auditory sensations following variable 
periods of deprivation.

Boéchat2 demonstrated plasticity in the auditory 
nervous system with physiologic evidence in a study that 
evaluated the effect of deprivation time and stimulation 
time on auditory sensitivity variations for pure tones and 
the speech recognition score. The study sample comprised 
72 subjects aged from 10 to 86 years and diagnosed with 
unilateral or bilateral asymmetric sensorineural hearing 
loss. Forty-three of these individuals were fitted with hear-
ing aids in the worse ear, and 29 did not have hearing 
aids in the worse ear. Audiologic testing was done (initial, 
intermediary and final). Variations in sensitivity to pure 
tones and speech recognition scores were studied among 
the groups for up to 6 years relative to the stimulation 
time, duration of deprivation, asymmetry between ears, 
and level of hearing loss. The author found that hearing aid 
users had less tone threshold variations and better speech 
recognition scores, and concluded that there was plasticity 
due to auditory deprivation in non-users of hearing aids in 
the worse ear, and secondary plasticity following auditory 
stimulation in hearing aid users. Furthermore, hearing aid 
users appeared to gain more within the first two years of 
introduction of auditory stimuli, while the negative effects 
of deprivation presented gradually and homogeneously 
with time. The author concluded that the quantity and 
quality of stimuli developed and maintained the central 
auditory system, and also underlined the importance of 
binaural auditory stimulation.

Amorim & Almeida21, on auditory plasticity, stud-
ied 16 subjects aged from 17 to 89 years with bilateral 
symmetrical sensorineural or mixed moderate to severe 
hearing loss. In one of the steps of this study, 24 ears 
were analyzed by comparing the mean values of speech 
recognition scores in each ear at three points in the study: 

before fitting hearing aids, 4 weeks after, and 16/18 weeks 
after fitting hearing aids. The authors found that speech 
recognition values increased in line with the duration of 
hearing aid use; this improvement may have been due to 
brain plasticity, but speech recognition score differences 
were not statistically significant. These authors also related 
and compared the speech recognition scores among 8 
subjects who chose monaural fitting, and compared their 
mean values with those of hearing aid fitted and non-fitted 
ears at the three points in the study. The results were not 
statistically significant, but the findings suggested that with 
time speech recognition performance improved in aided 
ears and worsened in non-aided ears. This suggested the 
existence of acclimation of aided ears and sensory depri-
vation in non-aided ears. The mean speech recognition 
scores in right and left ears at the three points of the study 
were compared in 8 subjects that chose binaural fitting. 
The results were not statistically significant, but the mean 
speech recognition scores in both ears increased with 
amplification, except for the mean speech recognition 
score of the right ear, in which a decrease was seen after 
4 weeks of amplification. The authors21 pointed out that 
although the results were not statistically significant, they 
concur with the findings of Boéchat2.

Conditioning
Some authors19,23 have noted that conditioning is 

also a form of neuroplasticity, and that is fundamental for 
training auditory abilities. Conditioning is able to change 
the frequency maps and to generate new connections 
in response to demands. When correlated with learning, 
repetition fosters an increase in the number of synapses 
in related neuronal circuits.

Studies have shown that hearing improved after 
auditory training. Ambient influences - such as auditory 
training - stimulated neural structures involved with the 
performance of trained hearing abilities, thereby benefit-
ing individuals. Neural plasticity, therefore, is essential for 
improvements gained in auditory training17,24,25.

CONCLUSION

Professionals involved in habilitation and/or re-
habilitation of patients with hearing loss need to under-
stand plasticity in the auditory system, and consider it an 
important clinical tool. Thus, the possibility of primary, 
secondary, and/or conditioned plasticity should be taken 
into account in clinical practice. Future studies will be very 
helpful to add knowledge about plasticity in the auditory 
system. Our review of the literature showed that the audi-
tory system is able to reorganize itself when the input of 
auditory stimuli increases or decreases. So, subjects with 
hearing loss who require hearing aids or cochlear implants 
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may benefit in their social, emotional, and intellectual 
aspects, and enjoy an improved quality of life.
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      The majority of adults with measurable hearing impairment do not 
seek help for their hearing (Hartley et   al, 2010). Among people who 
do seek help, a choice often faced is whether or not to adopt hearing 
aids, and a variety of audiological and non-audiological factors 
contribute to the choice made (see reviews by Knudsen et   al, 2010; 
Meyer  &  Hickson, 2012). Amongst non-audiological factors, client 
motivation has emerged as an important factor associated with deci-
sions about hearing aid adoption (Laplante-L é vesque et   al, 2013). 

 Motivation is an internal process that initiates, controls, and 
sustains activity. With this broad defi nition in mind, motivation 
researchers have sought to understand the circumstances and char-
acteristics that affect a person ’ s motivation. Historical studies of 
motivation have explored instincts (James, 1890), drives and needs 
(Maslow, 1943), external reinforcement (Skinner, 1953), cognition 
(Bandura, 1977), and neuropsychology (Berridge, 2004). This range 
of perspectives highlights the importance of both internal mecha-
nisms and environmental factors to motivation. Most theories of 
motivation concerned with human behaviour take the cognitive per-
spective, which is underpinned by the notion that motivation stems 

from people ’ s active and ongoing interpretation of their immediate 
environmental and sociocultural experiences (Deci  &  Ryan, 2000). 
As these experiences vary considerably, most cognitive theories 
of motivation emphasize the effects experiences may have on the 
initiation and maintenance of purposeful behaviour (Ryan  &  Deci, 
2008). This is especially important to researchers seeking to focus 
on the practical application of these theories in health, educational, 
or vocational settings (Deci  &  Ryan, 2000). 

 In health care, motivation is regarded as central to client engage-
ment in treatment, and is a signifi cant contributor to the success 
or failure of treatment across many health domains (Ryan et   al, 
2008). To increase engagement by clients identifi ed as unmotivated 
in clinical settings, models of health care such as the health belief 
model (Rosenstock, 1966), the transtheoretical model (Prochaska  &  
Di Clemente, 1992), or social cognitive theory (Bandura, 1977) 
have often been used (Nieuwenhuijsen et   al, 2006). Such models 
commonly characterize behaviour change as a process arising from 
internalization, whereby client attitude is transformed from a lack 
of awareness of, or resistance to, the need for treatment, through to 
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an adoption of need and a subsequent action to address this need 
(Prochaska  &  Di Clemente, 1992). Although the majority of health 
behaviour change models structure the steps involved to achieve 
internalization, and focus on the clinical approaches used to achieve 
this (Nigg et   al, 2002), they do not routinely distinguish between 
internal and external motivating factors, nor do they identify ante-
cedents of motivational characteristics (Nieuwenhuijsen et   al, 2006). 
The self-determination theory of motivation (SDT; Deci  &  Ryan, 
1985) is a theory that classifi es different dimensions of motivation 
(i.e. internal and external forms of motivation) along a continuum 
of internalization (Ryan  &  Connell, 1989), and emphasizes the pro-
cesses through which a person internalizes health behaviours (Ryan 
et   al, 2008). 

 The internalization continuum referred to in SDT is a systematic 
representation of the relative autonomy felt towards a behaviour 
change action. At one end of the continuum is more internalized, or 
 autonomous , motivation. These forms of motivation are also referred 
to as  ‘ integrated motivation ’ , a motivation that stems from integra-
tion of action with personal beliefs, or  ‘ identifi ed motivation ’ , which 
relates to identifying the value of an action (Deci  &  Ryan, 2000). 
The other end of the continuum represents less internalized, or  con-
trolled , motivation. These forms of motivation are also referred to as 
 ‘ introjected motivation ’ , which is motivation that originates from an 
internal sense of guilt or obligation, or  ‘ external motivation ’ , which 
stems from external pressure (Deci  &  Ryan, 2000).  ‘ Amotivation ’ , 
which is characterized by lack of willingness to participate, is the 
least internalized form of motivation. Self-determination theory also 
argues that successful internalization of new health-related attitudes 
requires conditions that encourage  autonomy  (affi rmation of per-
sonal decisions and beliefs),  competence  (confi dence and ability to 
master an activity), and  relatedness  (a sense of connectedness and 
trust). Further discussion about SDT, the internalization continuum 
and its potential applicability to hearing rehabilitation is found in 
Ridgway et   al (2013). 

 The past decade has seen audiological literature shift from describ-
ing motivation as reason for referral (self-motivated to attend, or 
motivated by others; Wilson  &  Stevens, 2003) or problem awareness 
(recognition there is a problem and seeking a solution; Kochkin, 
2007), to describing motivation as an internalization process within 
the behaviour change construct (Saunders et   al, 2012; Laplante-
L é vesque et   al, 2013). Using the transtheoretical model, Laplante-
L é vesque et   al (2013) proposed that adults ’  orientation to the action 
stage of change was a predictor of hearing aid adoption or commu-
nication program uptake. Although this latter research supports the 
clinical application of behaviour change models to understand inter-
nalization, little is yet known about different aspects of motivation 
in a population of hearing help-seekers, or the role of autonomy in 

hearing aid adoption decisions. An examination of various features 
of motivation in a sample of hearing help-seekers would therefore be 
of considerable value, to better understand (1) the characteristics of 
motivation in this population, and (2) the relationship of motivation 
to clinical engagement via hearing aid adoption. 

 Health research that has applied SDT to investigate relationships 
between SDT constructs and specifi c health variables has typically 
taken a quantitative approach using self-report measures (Ng et   al, 
2012). One self-report measure that assesses different forms of moti-
vation and the role of autonomy in decision-making is the treatment 
self-regulation questionnaire (TSRQ; Williams et   al, 1996). The 
self-regulation questionnaire was originally designed for use with 
children in education research (Ryan  &  Connell, 1989), and was 
modifi ed for health research in a study that explored autonomous 
and controlled motivational predictors for participation in a weight 
loss management program (Williams et   al, 1996). The TSRQ has 
since been adapted for studies that investigated medication adher-
ence (Williams et   al, 1998b), tobacco abstinence (Williams et   al, 
2011), dental brushing and fl ossing (M ü nster Halvari et   al, 2012), 
and a range of other health disciplines (Ng et   al, 2012). Therefore, 
evidence from other areas of health care suggests that an adapted 
TSRQ may help to identify patterns of motivation among hearing 
help-seekers. This may then enable relationships between different 
forms of motivation and decisions such as hearing aid adoption to 
be explored. If motivation is found to predict hearing aid adoption, 
differentiating autonomous and controlled forms of motivation may 
be useful in a clinical context to help guide discussions about pos-
sible hearing aid adoption with clients. 

 With this in mind, the aim of this study was to investigate the 
association between motivational factors and the decision to adopt 
hearing aids or not. The TSRQ was used to analyse patterns of moti-
vation in a sample of adults seeking help for their hearing for the 
fi rst time. Associations between sociodemographic and audiometric 
factors and hearing aid adoption were also explored.   

 Method  

 Participants 
 Participants were recruited from amongst people who had sought 
information about their hearing but had not yet attended for a fi rst 
consultation with a hearing professional. Potential participants were 
approached if: (1) they attended promotional activities such as a 
hearing screening or information session about hearing services run 
by a hearing service provider; (2) they made contact with a hearing 
service provider for an appointment directly; and/or (3) they made 
contact with a hearing service provider for an appointment, after 
submitting an application to the Australian Government Hearing Ser-
vices Program 1  via their doctor. A total of 3347 people were mailed, 
emailed, or given the study questionnaires, a consent form for par-
ticipation, and an audiogram release authorization by administration 
staff of the hearing services provider. A total of 291 responses were 
received, for an 8.7% response rate (see Figure 1 for an overview 
of the study procedure). Thirty-eight responses from people with 
previous hearing aid experience were excluded from the study, leav-
ing a sample size of 253. Ninety-one percent of participants were 
recruited from one large hearing service provider with clinics across 
all states and territories of Australia, and the remaining 9% of par-
ticipants were recruited from a number of smaller service providers 
located in various states and in rural and metropolitan areas. The 
sociodemographic and audiometric characteristics of participants are 
shown in Table 1.   

 Abbreviations     

  4FAHL    4-frequency average hearing loss    
  AUC    Area under curve   
  KMO    Kaiser-Meyer-Olkin   
  OR    Odds ratio   
  PCA    Principal components analysis   
  ROC    Receiver operating characteristic   
  SDT    Self-determination theory   
  TSRQ    Treatment self-regulation questionnaire   
  VIF    Variance infl ation factor   
  WANT    Wishes and needs tool   
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 Autonomous motivation and hearing aid adoption     3

 Measures  
 TREATMENT SELF-REGULATION QUESTIONNAIRE 
 The TSRQ was used to assess motivation for hearing aid adoption. In 
this study, we adapted the TSRQ from the Health Care SDT package 
(http://www.selfdeterminationtheory.org/questionnaires) by replac-
ing words associated with medical treatment such as  medication , 
 diabetes , or  glucose  with the words  hearing ,  hearing aids , or  com-
munication  where appropriate. The scale consisted of 19 items that 
represented possible reasons for considering hearing aid adoption. 
Participants were presented with the item  ‘ I am thinking about get-
ting hearing aids because …’    and were then asked to rate how true 
each item was to them on a 7-point Likert scale that ranged from 1 
( not at all true)  to 7 ( very true ). Items varied in the extent to which 
they refl ected autonomous and controlled motivation. Examples of 
more autonomous items were  ‘ I ’ ve carefully thought about hearing 
aids and believe that getting them is the right thing to do ’ , and  ‘ I per-
sonally believe that doing something about my hearing will improve 
my quality of life. ’  Examples of more controlled items were  ‘ I would 
be ashamed of myself if I didn ’ t ’  and  ̔  I think other people would be 
upset with me if I didn ’ t. ̓     

 WISHES AND NEEDS TOOL 
 The wishes and needs tool (WANT; Dillon, 2012) was designed 
as a measure of desire for hearing aids and perceived hearing 
diffi culty. The WANT uses a 5-point Likert scale, and consists 
of the following two items:  ‘ How strongly do you want to get 
hearing aids ’   ( 1  Don  t want them ; 2  Slightly want them ; 3  Want 
moderately ; 4  Want them quite a lot ; 5  Want them very much),  
and  ‘ Overall, how much diffi culty do you have hearing (without 
hearing aids)? ’   ( 1  No diffi culty ; 2  Slight diffi culty ; 3  Moderate 
diffi culty ; 4  Quite a lot of diffi culty ; 5  Very much diffi culty ). Thus, 
higher scores on the two WANT items are suggested to be associ-
ated with increased desire for hearing aids and more perceived 
hearing diffi culty respectively. The WANT was developed for the 

  Figure 1.      Flow diagram showing an overview of the study procedure. Numbers in parentheses represent the numbers of potential or actual 
participants at the various stages of the study.  

  Table 1. Sociodemographic and audiometric characteristics of 
participants.  

 Characteristic  Full sample (N    �    253) 

Age in years, mean (SD) 69.9 (10.5)
Source of referral, n (%)
  Self
  Spouse or family member
  General practitioner
  Other

  148 (60.2)
  56 (22.8)
  20 (8.1)
  22 (8.9)

Four-frequency average hearing loss 
in better ear measured at 500, 
1000, 2000 and 4000 Hz (dB), 
mean (SD)

   �    25 dBHL, n (%)
  26 – 40 dBHL, n (%)
   �    41 dBHL, n (%)

  31.2 (12.7)
  58 (31.7)
  86 (47.0)
  39 (21.3)

Desire for hearing aids  *  , n (%)
Don ’ t want them 48 (21.4)
Slightly want them 41 (17.0)
Want moderately 89 (37.0)
Want them quite a lot 45 (15.2)
Want them very much 36 (9.4)
Perceived hearing diffi culty without 

hearing aids  *  , n (%)
No diffi culty 20 (8.0)
Slight diffi culty 85 (34.8)
Moderate diffi culty 94 (34.8)
Quite a lot of diffi culty 58 (17.9)
Very much diffi culty 18 (4.5)

     * Questions are from the wishes and needs tool (WANT; Dillon, 2012).   

Australian Government Hearing Services Program to assist prac-
titioners assess motivation for hearing aid adoption in clients with 
minimal or mild hearing losses. The two questions were originally 
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included as part of a fi tting outcomes survey conducted for the 
program in 2005 (Dillon, 2012). 

 Participants were also asked to answer the following questions: 
 ‘ Whose idea was it to seek services?  ‘  ( mine  /  my spouse or family 
member  /  my doctor  /  someone else ); and  ‘ Have you worn a hearing 
aid before? ’  ( yes  /  no ).    

 Procedure 
 The study questionnaires were provided before the fi rst consulta-
tion with a hearing practitioner. On receipt of completed question-
naires, responses were collated, and then contact was made with 
participants ’  hearing service providers 4 – 6 months later to obtain the 
audiogram and to identify whether or not participants had agreed to 
get hearing aids (i.e. whether hearing aids were adopted). The delay 
of 4 – 6 months was to allow suffi cient time for participants to attend 
for consultation with a hearing professional and to make a decision 
about hearing aid adoption. 

 If the hearing aid fi tting had taken place by this time, a participant 
was considered to have adopted hearing aids ( ‘ adopter ’ ). Participants 
not fi tted with hearing aids at this time are referred to as  ‘ non-adopt-
ers ’ . A total of 230 of the 253 participants consulted with a hearing 
professional, at which time clinical history, audiometric and speech 
assessment, and discussion about rehabilitation options including 
hearing aids were completed. Audiograms were obtained for 183 
of the 253 participants (34 participants did not authorize release of 
their audiogram, 23 participants did not attend for a hearing test, 
and 13 audiograms were not available for various reasons, such as 
participant relocation to another hearing service provider). 

 All participants except one were eligible to receive subsidized 
hearing services through the Australian Government Hearing Ser-
vices Program, which included the option of receiving free digital 
hearing aid/s of a variety of styles with the following minimum 
specifi cations: automatic directional microphone (if fi tted with 
behind-the-ear hearing aids), feedback cancellation, adaptive noise 
reduction, multi-channel compression, multi-memory, and telecoil. 
The ineligible participant did not adopt hearing aids. The option of 
co-payment for hearing aids with features additional to these mini-
mum specifi cations was also available to participants who adopted 
hearing aids. It was not known which participants (if any) opted to 
co-pay for hearing aids. Approximately 85% of adopters received 
two hearing aids. Information about the model or style of hearing 
aid/s adopted was not sought for this study. For participants with a 
3-frequency average hearing loss    �    23 dB (measured at 500, 1000, 
and 2000 Hz), the Australian Government Hearing Services Program 
allows hearing aids to be fi tted if the following criteria are met: 
(1) the average hearing loss at higher frequencies (i.e. 2000, 3000, and 
4000 Hz) is    �    40 dBHL, or tinnitus can be addressed by hearing aid 
fi tting, or signifi cant vision impairment is present, and (2) responses 
to each WANT question are    �    2 with a combined score of    �    5. The 
number of participants meeting these criteria was not known. 

 Ethical clearance for this research was granted by the University 
of Queensland ’ s Behavioural and Social Sciences Ethical Review 
Committee, which adheres to the Australian Government National 
Health and Medical Research Council, National Statement on Ethi-
cal Conduct in Human Research (2007).   

 Data analysis 
 Data consisted of participant responses to the TSRQ, the WANT, 
sociodemographic questions, and the audiograms. These data were 

subjected to principal component analysis (PCA) and multivariate 
logistic regression performed using Stata version 11.1 (StataCorp, 
College Station, USA), to investigate the extent to which scores 
on the TSRQ describe motivation for hearing help-seekers, and to 
examine associations between motivation and hearing aid adoption, 
respectively. Alongside motivation, age, 4-frequency average hear-
ing loss (4FAHL; the average of 500, 1000, 2000, and 4000 Hz 
in the better ear), gender, referral source, desire for hearing aids, 
and perceived hearing diffi culty were also included as independent 
variables.    

 Results 

 Data from the 253 participants were analysed to obtain statistics 
for the motivation, sociodemographic and audiometric variables. As 
the TSRQ had not been used with a sample of hearing help-seekers 
previously, its psychometric properties were tested using data from 
this study to establish motivation scores. Following this analysis, par-
ticipant data were grouped as adopters and non-adopters to identify 
associations of independent variables with hearing aid adoption.  

 TSRQ factor structure and subscale derivation 
 In order to assess patterns of motivation in the sample of fi rst time 
hearing help-seekers, the factor structure and internal consistency 
of the TSRQ was assessed initially. To establish the factor struc-
ture of the TSRQ, the inter-item correlation matrix was reviewed to 
identify correlation coeffi cients    �    0.3, correlations were tested for 
signifi cance at the .05 level with the Bartlett test of sphericity, and 
the Kaiser-Meyer-Olkin (KMO) measure was used to examine sam-
pling adequacy. A KMO value of    �    0.6 was considered to be accept-
able (Kaiser, 1974). Inspection of the inter-item correlation matrix 
identifi ed numerous coeffi cients    �    0.3, which according to Bartlett ’ s 
test of sphericity were not intercorrelated ( χ  2     �    1612.63, d.f.    �    171, 
p    �    0.001), and the KMO value was 0.89; therefore, the data were 
considered suitable for PCA. The PCA with varimax rotation was 
then applied to the TSRQ data to examine the factor structure. The 
fi rst iteration of the PCA produced three factors with eigenvalues 
greater than 1, which explained 41.7%, 15.6%, and 6.4% of the total 
variance in scores respectively. A scree plot mapping the eigenval-
ues for each factor in decreasing order of size confi rmed the presence 
of three factors before the plot line elbow. The three-factor rotated 
analysis explained 63.8% of the variance, and all factors included at 
least three of the initial variables with factor loadings of 0.4 or above. 
Items were examined for suitability to their expected construct and 
eliminated if items loaded uniformly on more than one factor, or if 
their unique variance (communality) was below 0.4. Three items that 
did not load clearly onto any one factor ( ‘  It ’ s exciting to try to do 
something about my hearing  ’ ,  ‘  I want others to see that I can wear 
hearing aids and communicate well  ’ , and  ‘  Wearing hearing aids is 
something I really want to do  ’ ) and one item with a communality 
score of 0.39 ( ‘  I just do it because my doctor said to  ’ ) were not 
included in the analysis based on the PCA fi ndings. 

 The second iteration of the rotated PCA derived three factors 
(eigenvalues were 6.3, 2.8, and 1.1), which explained 41.8%, 18.7%, 
and 7.2% of variance respectively. Nine items clearly loaded onto 
Factor 1 and four items loaded onto Factor 2. Because the third factor 
only contained one clearly-loaded item in the second iteration ( ‘  I like 
the challenge of pursuing something new and interesting  ’ ) the deci-
sion was made to eliminate this item from the analysis, leaving two 
distinct factors. One further item that loaded onto all three factors 
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 Autonomous motivation and hearing aid adoption     5

and whose communality was below 0.4 ( ‘  It ’ s a challenge to learn 
how to live with hearing aids  ’ ) was also removed. 

 Each of the 13 items that loaded onto Factors 1 and 2 was com-
pared to its respective item from the original TSRQ and was found 
to fall into the same subscale as described in the TSRQ Health Care 
SDT package. Autonomous and controlled motivation emerged as 
distinct factors that described the content of items within the two 
subscales. This two-factor construct was largely consistent with pre-
vious research that used the TSRQ (see review of Ng et   al, 2012), 
although four-factor (Levesque et   al, 2007) and six-factor (Pellitier 
et   al, 2013) solutions have also been reported. Table 2 shows the 
two-factor solution with factor loading, mean, and standard devia-
tion for each of the retained TSRQ items. Internal consistency of the 
TSRQ was evaluated with Cronbach ’ s  α  of 0.7 or above considered 
to show good internal consistency of the scale (Kline, 1999). Cron-
bach ’ s  α  for the revised TSRQ was 0.89, and was 0.91 and 0.83 for 
the two subscales respectively. Thus, each subscale demonstrated 
good internal consistency. The PCA results therefore suggest the 
adapted TSRQ to be a potentially useful measure of autonomous 
and controlled motivation for hearing help-seekers. 

 Responses to items in each TSRQ subscale were then averaged to 
obtain autonomous and controlled motivation scores for each par-
ticipant, and were included as the independent motivation variables 
(autonomous motivation and controlled motivation).   

 Motivation and hearing aid adoption 
 To address whether motivation was associated with hearing aid 
adoption, participants were categorized as adopters or non-adopters 
(as described in the Method section) for the analyses. Prior to multi-
variate regression analysis, adopters were compared to non-adopters 
by testing each independent variable for association with hearing aid 
adoption using Student ’ s t-tests for continuous variables and 

chi-squared for categorical variables. Results were obtained for a 
total of 237 participants because hearing aid adoption data was miss-
ing for 16 participants. Table 3 presents a comparison of the means 
and standard deviations (or counts and percentages for categorical 
variables) of each independent variable for adopters and non-adopters 
groups. Sample sizes for independent variables varied due to pairwise 
deletion of missing values. Variables were included in the multivariate 
regression model if they were associated with the outcome with a p 
value below 0.1. Student ’ s t-test and chi-squared analyses showed 
higher autonomous motivation scores were signifi cantly associated 
with hearing aid adoption (p    �    0.001), whereas controlled motiva-
tion scores were not (p    �    0.50). Relative to non-adopters, hearing 
aid adopters reported greater desire for hearing aids (p    �    0.001), 
perceived greater hearing diffi culty (p    �    0.001), had greater 4FAHL 
(p    �    0.001), and were male (p    �    0.03). Age (p    �    0.91) and source of 
referral (p    �    0.72) were not associated with hearing aid adoption. 

 The fi ve signifi cant variables (autonomous motivation, gender, 
desire for hearing aids, perceived diffi culty, and 4FAHL) were 
entered in the regression model and tested for multicollinearity using 
variance infl ation factors (VIF). Variance infl ation factors were all 
less than 2, which indicated low correlation among variables. Thus, 
all fi ve variables were retained in the model. Outlying participant 
responses were eliminated from the model if the studentized residual 
had an absolute value    �    2.58. Four outliers were identifi ed in the 
fi nal model and were removed from the analysis. The fi nal sample 
size for the regression model was 160 as only those participants with 
complete data for each of the fi ve signifi cant variables were included 
in the regression analysis. 

 Multivariate logistic regression reporting odds ratios was then 
used to explore associations between independent variables and 
the outcome variable (hearing aid adoption or non-adoption), 
accounting for the effects of other variables. The odds ratio (OR) 
describes the strength of association between motivation and hear-

  Table 2. Treatment self-regulation questionnaire principal component analysis with factor loading, mean 
and standard deviation for retained items (n    �    253). Range of scores for each item    �    1 – 7.  

 TSRQ item  ‘ I am thinking about getting hearing aids 
because …  ’  

 Factor 
loading  Mean (SD) 

 Combined scale 3.48 (1.92)
 Autonomous motivation 5.52 (1.48)
3. I personally believe that doing something about my 

hearing will improve my quality of life
0.76 5.77 (1.66)

10. I personally believe that hearing aids are important for 
effective communication

0.69 6.04 (1.47)

13. I ’ ve carefully thought about hearing aids and believe 
getting them is the right thing to do

0.84 5.34 (1.94)

16. I feel personally that wearing hearing aids is the best 
thing for me

0.83 4.84 (2.05)

 Controlled motivation 2.74 (1.71)
1. Other people would be angry with me if I didn ’ t 0.76 2.32 (1.91)
4. I would feel guilty if I didn ’ t do what my doctor said 0.74 2.72 (2.27)
5. I want my doctor to think I ’ m a good patient 0.74 2.51 (2.34)
6. I would feel bad about myself if I didn ’ t 0.61 2.87 (2.13)
8. I don ’ t want other people to be disappointed with me 0.81 2.44 (2.11)
9. I think other people would be upset with me if I didn ’ t 0.82 2.40 (1.92)
11. I would be ashamed of myself if I didn ’ t 0.74 2.48 (2.05)
12. It ’ s easier to do what I ’ m told than to think about it 0.77 1.88 (1.68)
17. I ’ d feel guilty if I didn ’ t do something about my hearing 0.54 3.77 (2.30)

    SD    �    Standard deviation.   
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6    J. Ridgway et al.

ing aid adoption by measuring the odds that hearing aid adoption 
would take place, given the presence or absence of the independent 
variables. The regression analysis showed autonomous motivation, 
perceived hearing diffi culty, and 4FAHL to be positively and sig-
nifi cantly associated with hearing aid adoption after other variables 
were accounted for (Table 4). The analysis indicated that for each 
one-point increase in autonomous motivation score, participants 
were 55% more likely to adopt hearing aids (OR 1.55, p    �    0.012). 
Likewise, for each one-point increase in perceived hearing diffi culty 
score, participants had 2.3 times greater odds of adopting hear-
ing aids (OR 2.32, p    �    0.013). Participants were 16% more likely 
to adopt hearing aids for each 1dB increase in 4FAHL (OR 1.16, 
p    �    0.001). 

 Post-estimation tests were used to evaluate the goodness-of-fi t 
and the predictive accuracy of the logistic regression model. The 
Hosmer-Lemeshow goodness-of-fi t results confi rmed the fi nal 
model fi tted the data well ( χ  2      �      5.17, d.f.    �    8, p    �    0.74). The 
classifi cation matrix correctly classifi ed 78.12% of cases using the 
model (68.33% of adopters and 84% of non-adopters were correctly 

classifi ed). The receiver operating characteristic (ROC) curve por-
trayed excellent predictive power of the model (AUC    �    0.87). 

 These results show that the multivariate regression model was 
a very good predictor of the decision to adopt or not adopt hear-
ing aids. Participants with higher autonomous motivation, greater 
perceived hearing diffi culty, and greater 4FAHL were signifi cantly 
more likely to adopt hearing aids than those with lower scores for 
these variables.    

 Discussion 

 The present study set out to determine how autonomous and controlled 
motivation were related to hearing aid adoption of a sample of fi rst 
time hearing help-seekers using the TSRQ as the measure of moti-
vation. Our fi nding that autonomous motivation was associated with 
hearing aid adoption represents the fi rst empirical evidence linking 
autonomy to the health decisions of fi rst time hearing help-seekers. 

 Although there was no literature to compare the results of this study 
with other samples of hearing help-seekers, studies that applied the 
TSRQ in the broader health literature also found positive associations 
between autonomous motivation and the adoption of other health-
related behaviours. Shigaki et   al (2010), for example, administered 
the TSRQ to 77 patients with Type 2 diabetes and found autonomous 
motivation was associated with maintaining diet and increased test-
ing of blood glucose. Likewise, in a large-scale cross-sectional study 
of elite athletes, Chan and Hagger (2012) reported that the more an 
athlete was autonomously motivated to engage in sports injury pre-
vention and rehabilitation, the more likely she/he would regard the 
behaviour as positive and commit to engaging in future treatment. 
Autonomous motivation is therefore an important consideration for 
the adoption of health-related behaviours across a range of health set-
tings, including for adults contemplating hearing aid adoption. 

 The lack of association between controlled motivation and 
hearing aid adoption found in this study was consistent with previous 
research, which has generally reported nil or negative associations 

  Table 3. Means and standard deviations (or counts and percentages for categorical variables) of independent 
variables for hearing aid adopters and non-adopters, along with their signifi cance.  

 Adopters 
   (n    �    125  c  ) 

 Non-adopters 
   (n    �    112  c  )  n  t /  c   2   value 

 p value 
(adoption vs. 
non-adoption) 

 Independent variable 
Autonomous motivation 5.94 (1.23) 5.06 (1.64) 227 4.61 a  �    0.001
Controlled motivation 2.73 (1.77) 2.57 (1.56) 215 0.68 a 0.50
Age in Years 69.58 (10.59) 69.74 (10.13) 230 0.12 a 0.91
4FAHL better ear 35.03 (10.97) 25.37 (12.92) 182 5.42 a  �    0.001
Desire for hearing aids 3.10 (1.21) 2.41 (1.14) 213 4.24 a  �    0.001
Perceived diffi culty 3.11 (0.90) 2.36 (0.86) 225 6.36 a  �    0.001

Gender 237 4.72 b 0.03
Female 56 (23.63) 66 (27.85)
Male 69 (29.11) 46 (19.41)

Source of referral 231 1.34 b 0.72
Self 74 (30.74) 64 (27.71)
Spouse or family member 28 (12.12) 24 (10.86)
General practitioner 8 (3.46) 11 (4.76)
Other 10 (4.33) 12 (5.19)

     a t values shown (continuous variables).  b Chi-squared values shown (categorical variables).  c Data for 16 of the 253 participants 
were removed from the analysis, as their hearing aid adoption decision could not be determined. The n values for independent 
variables vary due to missing data.   

  Table 4. Multivariate logistic regression analyses of associations 
between predictor variables and hearing aid adoption (n    �    160).  

 Hearing aid adoption vs. Non-adoption 
   (outcome variable)  a 

 Predictor variable  OR  95% CI  p 
Autonomous motivation 1.55 [1.10, 2.18] 0.012
Gender 1.29 [0.55, 3.02] 0.555
Desire for hearing aids 1.04 [0.63, 1.71] 0.874
Perceived diffi culty 2.32 [1.19, 4.52] 0.013
4FAHL better ear 1.16 [1.10, 1.22]  �    0.001

     a Hosmer-Lemeshow goodness-of-fi t (p    �    0.74); Area under receiver operating 
characteristic (ROC) curve (0.87). OR    �    Odds ratio; CI    �    Confi dence interval.   
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 Autonomous motivation and hearing aid adoption     7

between controlled forms of motivation and the adoption of health 
behaviours (Ng et   al, 2012). In a study of 128 patients who took med-
ication for diabetes, Williams et   al (1998a) reported that controlled 
motivation was not signifi cantly correlated with regulation of glucose 
levels. Furthermore, Levesque et   al (2007), who obtained TSRQ data 
from 2731 participants across three different health domains (smok-
ing cessation, healthy eating, and exercise management), found that, 
in addition to positive associations between autonomous motiva-
tion and engagement with health behaviours, controlled motivation 
was signifi cantly associated with adverse health outcomes such as 
depression, or negatively associated with healthy eating. Interest-
ingly, Levesque et   al (2007) also found that controlled motivation 
was signifi cantly associated with greater levels of physical activity. 
This positive association differs from the fi ndings of the present 
study, and suggests that the effects of autonomous and controlled 
motivation may vary among different health behaviours and treat-
ment environments. 

 As autonomous motivation, but not controlled motivation, was 
associated with hearing aid adoption, the link between autonomy 
and positive health behaviours, previously reported as fundamen-
tal to SDT (Ryan et   al, 2008; Ng et   al, 2012), was supported by 
the fi ndings of this study. While differences in TSRQ autonomous 
motivation scores between adopters and non-adopters imply sup-
port for an internalization continuum, the different behaviours of 
autonomous and controlled motivation subscales could also sug-
gest these variables are independently scaled. Assuming the evi-
dence for an internalization continuum within the SDT model of 
health behaviour change (Ryan  &  Connell, 1989; Ng et   al, 2012) is 
accepted, a two-factor TSRQ, such as that obtained in the present 
study, might not adequately represent the various forms of motiva-
tion along the continuum (see Ridgway et   al, 2013). Illustrating the 
value of more precisely classifying motivation, Pelletier et   al (2001) 
showed motivation for the practice of competitive sport varied with 
different forms of controlled motivation (introjected and external 
motivation). Moreover, in their large, multi-site study, Levesque et   al 
(2007) derived a four-factor TSRQ structure (autonomous motiva-
tion, introjected motivation, external motivation, and amotivation) 
that more closely represented the internalization continuum than the 
fi ndings of this study. Differences in participant numbers, demo-
graphics, and the wording of some items might have contributed 
to the different TSRQ subscale solutions of Levesque et   al (2007) 
and the present study. Pelletier et   al (2013), in two studies that used 
a version of the TSRQ (the sport motivation scale) to investigate 
motivation in athletes, acknowledged criticism that the scale may not 
completely represent all SDT motivation constructs, and presented 
the psychometric properties of a redesigned sport motivation scale 
that more closely aligned its item content with SDT. On balance, the 
two-factor TSRQ used in this study provided evidence that supported 
the principles of SDT, and was consistent with other health research 
that demonstrated the importance of autonomy to health decisions. 
However, it is acknowledged that further review and refi nement of 
the TSRQ for hearing help-seekers could more precisely classify 
motivation along the internalization continuum so that motivations 
of people seeking to adopt hearing aids are further understood. 

 Our fi nding that perceived hearing diffi culty was positively asso-
ciated with hearing aid adoption was not surprising and has been 
consistently reported elsewhere (Knudsen et   al, 2010; Meyer  &  
Hickson, 2012). While awareness of hearing diffi culty was evidently 
an important factor for people considering hearing aid adoption, it 
was interesting that no association was found between desire for 
hearing aids, as measured by the WANT, and hearing aid adoption in 

the multivariate analysis. Although Dillon (2012) reported increased 
desire for hearing aids to be associated with hearing aid use, benefi t 
and quality of life 6 – 12 months post-fi tting, its lack of multivari-
ate association with hearing aid adoption in this study suggests that 
interrelationships among additional factors that infl uence desire for 
hearing aids at or following hearing aid adoption warrant further 
investigation. As the psychometric properties of the WANT have 
not been determined, research that explores associations between the 
WANT and hearing aid adoption might help clarify the sensitivity 
and validity of this measure. 

 The use of multivariate regression can reduce the confounding 
effects of interrelations between factors, which strengthens analyses 
(Meyer  &  Hickson, 2012). Nonetheless, the list of variables included 
in this study was not exhaustive (see Meyer et   al, 2014, for a com-
prehensive list of factors). While the logistic regression model in 
this study predicted 87% of hearing aid adoption decisions with the 
ROC curve, its predictive power might have further increased with 
the inclusion of additional factors. For example, an exploration of the 
attitudes of signifi cant others to hearing aid adoption might provide 
further insight into the decision to adopt or not adopt hearing aids 
(Meyer  &  Hickson, 2012). 

 This study found hearing aid adopters to have, on average, 
9.7 dB greater 4FAHL than non-adopters, and for the proportion of 
the sample whose audiograms were available, the strong multivariate 
association between greater 4FAHL and hearing aid adoption was 
consistent with previous literature (Knudsen et   al, 2010; Meyer  &  
Hickson, 2012). Such a relationship is typically not evident for those 
with mild to moderate hearing impairment (Laplante-L é vesque et   al, 
2012), but in this study 31.0% of those with 4FAHL    �    25 dBHL and 
69.8% of those with 4FAHL 26 – 41 dBHL adopted hearing aids. 
A possible explanation for this fi nding is the ease with which people 
with mild to moderate hearing impairment can adopt hearing aids 
under the Australian Government Hearing Services Program. As 
stated in the Method section, participants with hearing loss    �    23 
dBHL (pure-tone average of 500, 1000, and 2000 Hz) could be fi tted 
with hearing aids if specifi c additional criteria were met. Neverthe-
less, the proportion of participants with mild to moderate hearing 
impairment who adopted hearing aids, irrespective of these criteria, 
suggests it was not a signifi cant factor that infl uenced participant 
decisions. 

 Information about whether or not hearing aids were recommended 
to non-adopters in this study was not available, but may have been 
benefi cial for the analysis, because removal of non-adopters for 
whom hearing aids were not recommended might have strengthened 
the regression model. 

 Overall, the empirical fi ndings of this study add to the growing 
body of literature that recognizes motivation as an important con-
tributor to decision-making in hearing rehabilitation. The use of the 
TSRQ to classify autonomous and controlled motivation offers a 
new approach to understanding the relationships between motivation 
and hearing aid adoption. Our results associate autonomous moti-
vation with hearing aid adoption and are similar to fi ndings from 
other health disciplines such as tobacco abstinence, diabetes man-
agement, dental self-care, and medication adherence, and reinforce 
the importance of autonomy to health decisions. According to SDT, 
development of a sense of autonomy is central to internalization 
of health-related behaviours (Ryan et   al, 2011). That is, health-care 
decisions that come to be personally valued and are congruent with 
personal beliefs result in greater engagement with treatment. Our 
fi ndings could therefore have implications for the ways practitioners 
evaluate motivation and the ways this information is used to guide 

In
t J

 A
ud

io
l D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
11

0.
33

.1
91

.1
49

 o
n 

03
/1

3/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



8    J. Ridgway et al.

discussions with clients about hearing aid adoption. Practitioners 
might, for example, consider how autonomous motivation can be 
encouraged in clients, so that clients who are not autonomously 
motivated can become more engaged with clinical decisions. Candi-
dates for hearing aid adoption might also be predicted by identifying 
autonomous motivation in clients.   

 Conclusion 

 This study applied the TSRQ to explore relationships between auton-
omous and controlled motivation and the decision to adopt or not 
adopt hearing aids. While positive associations between autonomous 
motivation and hearing aid adoption highlight the role of autonomy 
in the initiation of new health behaviours, further research to inves-
tigate relationships of different dimensions of motivation to client 
outcomes beyond hearing aid adoption, such as hearing aid use or 
satisfaction, would be of benefi t.   

 Notes 

 The Australian Government Hearing Services Program subsi-1. 
dizes the provision of hearing services to eligible Australians. 
More information: http://www.hearingservices.gov.au              
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Autism and peripheral hearing loss: A systematic review
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1. Introduction

Autism is a pervasive and complex developmental disorder
characterized by impaired social interaction, atypical communi-
cation and restricted, repetitive and stereotypical patterns of
behaviours, activities and interests [1]. Individuals with autism
differ markedly in the number and severity of symptoms displayed
[2]. Typical signs of autism include, but are not limited to; speech

and language delay, regression of developmental milestones at 18–
24 months of age, avoidance of eye contact, tactile defensiveness
and engagement in repetitive and self-stimulating behaviours. See
Table 1 in Egelhoff et al. [2] for a more comprehensive list.
Approximately 80% of children with autism have some degree of
cognitive impairment [3].

Autism is currently classified as a spectrum disorder, which
includes autistic disorder, Asperger’s disorder, Rett’s disorder,
childhood disintegrative disorder and pervasive developmental
disorder not otherwise specified [4]. Prevalence estimates of
autism spectrum disorder (ASD) are controversial. A review by
Frombonne [3] reported ASD prevalence rates ranging from 0.7/10,
000 to 21.1/10,000, with a median value of 5.2/10,000 (equivalent
to: 1/1925) and that prevalence rate increased with study
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Objective: To systematically review the literature describing the relationship between autism spectrum

disorder (ASD) and peripheral hearing loss including literature recommendations for audiological

assessment and auditory habilitation in cases where peripheral hearing loss and ASD coexist.

Data sources: Published studies indexed in MEDLINE (1948–2011).

Review methods: The search strategy identified 595 potential studies. After a review of the titles, 115

abstracts were reviewed and 39 articles were retrieved and assessed independently by at least two

authors for possible inclusion. 22 articles pertained to children with ASD and peripheral hearing loss,

hearing assessment in children with ASD, audiological habilitation for children with ASD or hyper-

responsiveness in children with ASD. 17 further studies were garnered from the reference section of the

22 papers.

Results: Controversy exists in the literature regarding prevalence of hearing impairment among

individuals with ASD. In cases where ASD and hearing impairment co-exist, diagnosis of one condition

often leads to a delay in diagnosing the other. Audiological assessment can be difficult in children with

ASD and test–retest reliability of behavioural thresholds can be poor. In cases where hearing impairment

exists and hearing aids or cochlear implantation are recommended, devices are often fit with special

considerations for the child with ASD. Hyper-responsiveness to auditory stimuli may be displayed by

individuals with ASD. Evidence or the suspicion of hyper-responsiveness may be taken into

consideration when fitting amplification and planning behavioural intervention.

Conclusions: Prevalence rates of hearing impairment among individuals with ASD continue to be

debated. At present there is no conclusive evidence that children with ASD are at increased risk of

peripheral hearing loss. A complete audiological assessment is recommended in all cases where ASD is

suspected so as not to delay the diagnosis of hearing impairment in the event that hearing loss and ASD

co-exist. Objective assessment measures should be used to confirm behavioural testing in order to

ensure reliability of audiological test results. Fitting of hearing aids or cochlear implantation are not

contraindicated when hearing loss is present in children with ASD; however, success with these devices

can be variable.
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publication year. A review of published ASD prevalence rates in
studies since 2000, and primarily since 2006 revealed a median
value of 62/10,000 (equivalent to: 1/161) [5]. As ASD prevalence
rates over the past decade have shown a rapid increase [4], many
argue that the recent increase is not directly due to an increased
prevalence of the disorder, but is due to an increased awareness of
the disorder and broadening of its diagnostic criteria [6].

This review sought to identify whether a relationship exists
between peripheral hearing loss and ASD. Due to the extent and
variability of the literature reporting on central issues (primarily
central auditory processing) in individuals with ASD and the
degree to which input from other modalities integrates with the
auditory system at the central level, only the peripheral auditory
system was considered.

2. Methods

2.1. Search strategy

Original published studies on autism and hearing loss were
identified with a comprehensive search strategy in MEDLINE (from
1948 to 2011). The search terms used for autism were ‘‘autistic
disorder [MeSH]’’, ‘‘autism’’ and ‘‘schizophrenia, childhood
[MeSH]’’. The search terms used for hearing loss were ‘‘hearing
loss [MeSH]’’, ‘‘deafness’’, ‘‘hearing loss, bilateral [MeSH]’’, ‘‘hearing
loss, high-frequency [MeSH]’’, ‘‘hearing loss, sensorineural
[MeSH]’’, ‘‘hearing loss, central [MeSH]’’, ‘‘hearing loss, unilateral
[MeSH]’’, ‘‘hearing impairment’’, ‘‘deaf’’, ‘‘auditory perception
[MeSH]’’, ‘‘cochlear nerve [MeSH]’’, ‘‘cochlea [MeSH]’’, ‘‘tinnitus
[MeSH]’’, ‘‘vestibulocochlear nerve [MeSH]’’, ‘‘auditory cortex
[MeSH]’’, ‘‘auditory pathways [MeSH]’’, ‘‘auditory system’’, ‘‘audi-
tory processing’’ ‘‘hyperacusis’’, ‘‘evoked potentials, auditory brain
stem [MeSH]’’, ‘‘hearing [MeSH]’’, ‘‘cochlear diseases [MeSH]’’,
‘‘cochlear implants [MeSH]’’, ‘‘cochlear implantation [MeSH]’’,
‘‘auditory threshold [MeSH]’’, ‘‘otoacoustic emissions, spontaneous
[MeSH]’’ and ‘‘hearing aids [MeSH]’’. These terms were combined
with Boolean operators. Reference lists from relevant articles,
including other reviews, were searched. Search was limited to the
English language and humans (see Fig. 1).

2.2. Purpose of study

To determine the relationship between ASD and peripheral
hearing loss, hearing assessment in children with ASD, audiological
habilitation for children with ASD, or hyper-responsiveness in
children with ASD.

The identified studies were assessed for eligibility and were
included only if they explored an association between autism and

peripheral hearing loss, audiological assessment or audiological
management (deafness, cochlear implantation, hearing aids, or
hyper-responsiveness to auditory stimuli). The included studies
comprised; 9 Expert opinion, 8 Case series, 16 Individual Case-
control series, 3 Systematic Review of Case-control series, 2
Individual Cohort studies and 1 Systematic Review of Cohort
studies. The main purpose of this study was to review and collate
the English literature relating ASD and peripheral hearing loss. Due
to the variability between studies, subject inclusion, test method-
ologies and outcomes measured, it was not possible to perform
meta-analysis of the data. At least two authors independently
assessed the titles and abstracts of all studies identified by the
searches. The full articles were obtained where they appeared to
meet the inclusion criteria (i.e. an association between ASD and

Table 1
Summary of studies that evaluate the prevalence of hearing loss in children with ASD.

Study and year Subject group Cognitive function Audiological measures Audiological results

Rosenhall et al. [8] 199 children and adolescents

with ASD

Range Behavioural audiometry, ABR Hearing loss at a prevalence rate of

3.5% among ASD population, higher

than within general population

Tas et al. [9] 30 children with ASD Not specified OAE, ABR Possible increased hearing loss

prevalence among a population with ASD

Jure et al. [10] 61 cases of ASD and hearing

loss from 1150 cases of

hearing loss

Range Not available: retrospective

review of children with ASD

and known hearing loss

Prevalence estimates not possible;

co-occurrence ASD and hearing loss

may be increased

Gravel et al. [11] 37 children with ASD High functioning Behavioural audiometry and

computer-assisted threshold

measurement, tympanometry,

OAE, MEMR

All had normal peripheral hearing and

normal peripheral auditory system function.

Tharpe et al. [12] 22 children with ASD Range Behavioural audiometry, ABR,

OAE, MEMR, tympanometry

All had normal peripheral hearing

ASD: autism spectrum disorder; OAE: otoacoustic emissions; ABR: auditory brainstem response; MEMR: middle ear muscle reflex.

595 potentially relevant citations 
identified and screened for 

retrieval.

115 abstracts retrieved for more 
detailed evaluation.

480 citations excluded as not 
relevant to the review.

39 articles retrieved for more 
detailed evaluation.

76 articles excluded as not 
relevant to the review.

22 articles included in the 
systematic review (SR).

17 articles excluded from the 
study. 

ABR wave features = 7
Central auditory = 10

11 further articles were identified 
from the 22 unique articles from 

the original SR.

33 articles included in the systematic 
review (SR).

- 1 SR of Cohort studies
- 2 Individual Cohort studies
- 3 SR of Case -control studies
- 13 Individual Case -control studies 
- 8 Case studies
- 6 Expert opinion

Fig. 1. Flow chart of systematic review.
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peripheral hearing loss). References found in the articles identified
were also pursued where appropriate. Two other papers identified
were also included. Studies not available in English were excluded.

2.3. Assessment of quality

The evidence presented in the selected studies was categorized
by level of evidence as defined by the Oxford Centre for Evidence-
Based Medicine [7].

2.4. Data extraction and analysis

Information was extracted from the included articles indepen-
dently by two authors and summarized in a narrative format.

3. Results

3.1. Prevalence of hearing impairment among children with autism

spectrum disorder

There is currently no consensus in the literature regarding
prevalence of hearing impairment among children with autism
spectrum disorder (ASD). The studies described in this section
evaluating the prevalence of hearing loss among a population with
ASD are summarized in Table 1.

Rosenhall et al. [8] prospectively studied 199 children and
adolescents with autism who ranged in level of intellectual
functioning. Audiometry was conducted to the developmental
level of the child and auditory brainstem response (ABR) testing
was performed. Authors reported pronounced to profound
bilateral hearing loss at a prevalence rate of 3.5% among a
population with autism, ten times higher than the prevalence of
hearing loss within a general population. They reported no
association between degree of intellectual functioning and hearing
loss.

Tas et al. [9] objectively studied auditory function in a group of
30 children with autism using a combination of otoacoustic
emission and ABR assessment. All participants had normal type A
tympanograms on the day of testing, consistent with normal
middle ear status. Severe bilateral sensorineural hearing loss was
reported in 3 subjects (10%) with autism based on absent
otoacoustic emissions and no ABR response to a high level (80
dBnHL) click stimulus bilaterally, and mild unilateral sensorineural
hearing loss in 2 subjects (6.6%) with autism based on absent
otoacoustic emissions and a moderately elevated ABR response. It
was concluded that hearing loss might be more prevalent among a
population with autism compared to the general population.

Jure et al. [10] retrospectively reviewed and characterized the
clinical features of children with hearing impairment and autism.
Sixty-one cases of autism co-existing with hearing loss were
identified from a sample of 1150 cases of hearing loss (5.3%)
suggesting that co-occurrence may be more likely than due to
chance alone. Prevalence estimates, however, cannot be made
from this study as samples were drawn from a biased population.
No clear relationship was found between severity of autistic
behaviours and degree of hearing loss.

Gravel et al. [11] prospectively studied peripheral auditory
function in a group of 37 children with autism using a test battery
of conventional behavioural audiometry and computer-assisted
threshold measurement, tympanometry and middle ear muscle
reflex and otoacoustic emission measurement. All children
included in this study had normal behavioural hearing thresholds
and middle ear status. Children with ASD were high functioning
and did not present with significant cognitive or neurological
deficits. All children wore earphones and completed the entire
assessment. No evidence of peripheral auditory system differences

was reported between these children with ASD and their typically
developing peers.

Tharpe et al. [12] prospectively studied 22 children with autism
who ranged in level of cognitive function. Children with abnormal
tympanometry were excluded from the study. Audiological
function was assessed using a test battery of ABR, behavioural
audiometry, otoacoustic emissions and middle ear muscle reflex
measurements and tympanometry. All study participants with
autism had normal peripheral hearing.

Many studies have investigated auditory brainstem response
(ABR) in children with ASD, specifically waveform peak and inter-
peak latencies [8,9,13–17], though subject inclusion criteria, as
well as study methodology and results have been highly variable.
Elevated thresholds to click stimuli have been identified in some
cases [13,18], but in most of the ABR studies, methodology was not
sensitive to detect mild to moderate or frequency-specific hearing
loss. Prolonged brainstem transmission of auditory stimuli, while it
may differ significantly between ASD and control groups, does not
consistently correlate with clinically defined hearing impairment.
It is for this reason that studies involving prolonged ABR wave
latencies and inter-peak intervals were not reviewed in detail for
this paper.

The variability in prevalence estimates of peripheral hearing
impairment among individuals with ASD may be attributed to
differences between study methodologies and sample sizes as
well as inconsistencies in subject inclusion criteria. However,
among children with ASD there is no conclusive evidence that the
prevalence of peripheral hearing impairment is elevated
compared to the prevalence of hearing impairment within a
general population. In cases where ASD and hearing impairment
co-occur, diagnosis of one condition often leads to a delay in
diagnosing the other [10,19]. Jure et al. [10] reported that in 11 of
46 children, diagnosis of ASD was delayed on average 4 years
beyond the diagnosis of hearing loss, and in 10 of 46 children,
diagnosis of hearing loss was delayed several years following the
diagnosis of autism. Roper et al. [19] studied autistic behaviours
in a group of 13 students with ASD coexisting with hearing
impairment compared to 12 students with ASD and normal
hearing. No differences in autistic symptomology between the
two groups was found, but it was suggested that the diagnosis of
hearing loss may have obscured recognition of autistic beha-
viours as ASD was diagnosed up to 5 years following the hearing
loss diagnosis [19]. It is recommended that in all cases where ASD
is suspected, children receive a complete audiological assess-
ment so that any peripheral hearing loss can be diagnosed early
and managed as part of the child’s habilitation and education
programme [9,19].

Increased prevalence of serous otitis media (OM) (23.5%) and
associated temporary conductive hearing impairment (18.3%) have
been reported among children with ASD [8]. However, studies
involving reports of OM may be confounded as parents are often
unable to recognize the presence of acute OM, OM with effusion
and associated conductive hearing loss [20] and retrospective
prevalence rates of OM may be underrepresented among typically
developing children that often serve as controls. For this reason,
Gravel et al. [11] did not consider the role of OM in their evaluation
of the peripheral auditory mechanism among children with ASD.
As reports of OM can be inaccurate and symptoms are transient,
the authors of this paper similarly did not review the literature on
OM among individuals with ASD.

3.2. Audiological assessment in children with autism spectrum

disorder

Audiological test settings and procedures are often modified
when assessing children with ASD, as this population can be
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unresponsive to audible stimuli and may become upset in the
soundbooth. The audiologist may send materials home prior to
the appointment; picture books, social stories or online videos
may help prepare the child for an audiological assessment
[21,22]. During the assessment the child may take comfort in
having a picture schedule and a means to take a break [22].
Audiological testing may need to occur over several sessions.
Children with ASD may display resistance to wear headphones or
a bone oscillator, or to having a probe inserted into the ear canal
for the purpose of measuring middle ear impedance and
otoacoustic emissions. Parents may want to introduce head-
phones or earphones at home in preparation for the audiology
appointment [22].

Behavioural hearing assessment results in children with ASD
can be of questionable reliability and test–retest reliability of
audiological thresholds can be poor. Tharpe et al. [12] found that
the majority of children with autism demonstrated elevated
behavioural audiological thresholds despite normal objective
measures of auditory function, as well as greater than normal
test–retest variability of pure tone thresholds and poor agreement
between pure tone and speech reception thresholds. There is a risk
of over-estimating hearing thresholds due to difficulty in
measuring reliable responses at low stimulus levels, while at
the same time mild or notched hearing loss may go undetected
[8,10].

It is standard to use a test battery approach for audiological
assessment with objective tests to verify behavioural audiometry
results. Evoked otoacoustic emissions measure the cochlea’s
active response to an auditory stimulus [23] and can be recorded
at the level of the external auditory canal in almost all ears with
normal to near-normal hearing. Otoacoustic emission testing is
an objective, quick and non-invasive way to assess hearing status
through to the level of the cochlea and is sensitive to frequency-
specific pathology [24]. Otoacoustic emission testing has been
found to be a valuable component of the audiological test battery
for children with autism [25]. Also of benefit in the audiological
evaluation of children with ASD is tone-burst auditory brainstem
response (ABR) testing, which is an objective assessment method
that enables detection of frequency-specific hearing loss [26].
Surface electrodes record neurological activity at the level of the
brainstem in response to auditory stimuli [27]. Tone-burst ABR is
the best tool available to approximate the behavioural audio-
gram in cases where it is not possible to obtain reliable
behavioural assessment data [28]. Sloping and notched hearing
losses can be identified using tone-burst ABR. The predictive
accuracy of tone-burst ABR to behavioural audiological thresh-
olds was determined by Stapells et al. [26,29] to be within 20 dB
for 91–93% of subjects and within 15 dB for 80% of subjects
[26,29].

It is important to note that a peripheral audiological assessment
which measures the function of the ear and primary ascending
auditory pathways, is limited to testing the integrity of the
peripheral auditory system and does not confirm normal central
auditory system function [21]. There is a tendency among
audiologists to report that hearing is adequate for speech and
language development once peripheral hearing loss has been ruled
out. Davis cautions against making this claim, as central auditory
processing deficits can exist in the presence of a normal peripheral
auditory system which can impede the acquisition of speech and
language. Individuals with ASD have reported difficulty listening in
the presence of background noise and maintaining focus on
auditory stimuli [2]. Adults with ASD and normal peripheral
hearing thresholds have reported that though they are able to hear
well, the way in which they process auditory stimuli is inconsistent
and the ability to utilize auditory information declines under
conditions of sensory stress [22].

3.3. Hearing aids and cochlear implant considerations for children

with autism spectrum disorder

Accurate audiological assessment results provide the founda-
tion for appropriate intervention and communication planning. In
the event that hearing loss is diagnosed and amplification is
recommended, hearing aids are selected and set using a prescrip-
tive procedure that incorporates ear canal acoustics and audiolog-
ical thresholds [28]. In cases where behavioural audiological
thresholds are unreliable, hearing aids are set based on
electrophysiological ABR results and settings are re-evaluated as
behavioural threshold information becomes available [28]. The
goal of any paediatric hearing aid fitting is to provide the child
access to the acoustic features of speech while ensuring that
maximum hearing aid output does not exceed recommended
levels [28]; hearing aid fittings for children with ASD are no
exception. Some children with ASD experience increased percep-
tion of loudness [30] and display hyper-responsiveness behaviours
to auditory stimuli [8,12,31,32]; this may be reason to initially
limit maximum acoustic output levels of hearing aids in order to
facilitate acceptance of new equipment.

Individual ear canal acoustics are incorporated into the
audiological assessment and hearing aid fitting and verification
procedures by way of measuring real-ear to coupler differences
(RECD) [28]. No studies were found regarding RECD measurements
among a population with ASD; however, the recommendation to
measure RECD whenever possible [28] is considered best practice
for all children. Due to the increased likelihood of tactile
defensiveness among individuals with ASD [2], reliable RECD
measurements, which requires placement of a probe tube into the
ear canal, may not be possible. No studies were found pertaining to
taking ear impressions on children with ASD, but similar
challenges exist as with RECD measurements; this population is
more likely to demonstrate tactile defensiveness [2]. Caregivers
may be required to restrain or sedate children for ear impressions.
The audiologist must ensure that hearing aids are physically set to
the developmental level of the child. Equipment can be provided
with a locking battery door and deactivated volume control and
programming buttons. Retention devices should be used for safety,
especially if the child mouths objects [22].

No outcomes measure studies could be found on the effective-
ness of amplification in children with ASD. It is important to obtain
reliable audiological data so that hearing aids can be optimally set;
hearing aid validation measures are confounded and aural
habilitation outcomes measured are incorrect if amplification is
inappropriately fit.

Positive benefits have been reported following the cochlear
implantation in children with ASD, which include improvements in
social communication, behaviour and environmental awareness,
as well as increased vocalizations, eye contact and reaction to
music [33]. Daneshi et al. [34] found that children with ASD
showed limited development in auditory perception following
implantation compared to deaf patients with other secondary
disabilities. Due to the limited number of reports published on
cochlear implantation in children with ASD, post-implant success
of children with ASD cannot be predicted. Pre-operative counsel-
ling with families is recommended in order to establish realistic
expectations [33]. While cochlear implantation is not contra-
indicated in children with ASD, Daneshi et al. [34] highlight the
need for a very unique and team-based habilitation programme in
order to enable auditory skill development.

3.4. Hyper-responsiveness in children with autism spectrum disorder

Hyper-responsiveness is the pattern of exaggerated beha-
vioural reactions to sensory stimuli often displayed by children
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with ASD and is an umbrella term that includes hyperacusis,
hypersensitivity, sensory defensiveness, sensory modulation
dysfunction, aversion, avoidance, hyperarousal and lack of
habituation to sensory stimuli. [35]. While hyper-responsiveness
is not universal among individuals with ASD, it is common and
evidence of hyper-responsive behaviours is evaluated in making a
differential diagnosis of ASD [36]. An individual’s daily routines,
quality of peer interactions, and curiosity about the environment
depend on the extent to which stimuli trigger hyper-responsive
reactions; individuals who demonstrate avoidance of sensory
stimuli engage less in novel play environments and show reduced
independence in self-care at home [37].

Khalfa et al. [30] used psychoacoustic tests to measure the
perception of loudness in children with autism and reported
smaller auditory dynamic range and reduced tolerance of loudness,
consistent with hyperacusis in this group [30]. Reported preva-
lence rates of hyper-responsiveness among children with ASD vary
from 18% to 53% [8,31,32] and the presence of hyper-responsive-
ness is often determined based on the inability to tolerate a
component of the audiological test battery [8] or from caregiver
report [12,31,32]. Typically developing children do not show
evidence of hyperacusis [8]. The presence of hyper-responsive
behaviour can be affected by subject characteristics such as mental
age [38] and was found by Baranek et al. to diminish with
increasing mental age [35]. Baranek et al. [35] concluded that
hyper-responsiveness may be a more general deficit associated
with developmental disabilities and not specific to children with
ASD.

A study by Gomes et al. [39] aimed to verify parent and
caregiver report of auditory hyper-responsiveness displayed by
children with ASD using audiological measures of acoustic
stapedial reflex and behavioural response to high level tonal
stimuli presented in soundfield. Eleven of 46 children with ASD
(24%) were previously diagnosed as clinically hypersensitive to
auditory stimuli; however, only 2 of these 11 children (18.2%)
demonstrated discomfort to high level stimuli in soundfield.
Additionally, no significant differences existed between children
with ASD and controls when acoustic stapedial reflexes were
analysed [39]. The authors concluded that while many children
with ASD are known by their caregivers to display auditory hyper-
responsiveness, these behaviours are not a result of hypersensi-
tivities along peripheral auditory pathways. Auditory hyper-
responsiveness in this case could not be quantified using
conventional audiological test methods.

Study methodology and subject characteristic variability as
well as the lack of homogeneity in autistic symptoms experienced
by individuals with ASD may contribute to the wide prevalence
range of auditory hyper-responsiveness reported within this
population. Limitations in current research on hyper-responsive-
ness are that data are primarily based on caregiver or teacher
report [16,31,32] rather than direct measurement. Limited studies
have been conducted on the nature of hyper-responsiveness
patterns among children with ASD and clinical assessment tools
are not available to objectively measure and differentiate hyper-
responsiveness from other behaviours [38].

4. Conclusion

Prevalence rates of hearing impairment among individuals with
ASD continue to be debated. At present there is no conclusive
evidence that children with ASD are at increased risk of peripheral
hearing loss. A complete audiological assessment is recommended
in all cases where ASD is suspected or confirmed, so as not to delay
the diagnosis of hearing impairment in the event that hearing loss
and ASD co-exist. Objective assessment measures should be used
to confirm behavioural testing in order to ensure reliability of

audiological test results. Fitting of hearing aids or cochlear
implantation are not contraindicated when hearing loss is present
in children with ASD. Audiological programming considerations
may facilitate acceptance of amplification equipment; however,
success with these devices can be variable. Children with ASD may
display increased perception of loudness and hyper-responsive
behaviours to auditory stimuli.
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Abstract
Objective: The purpose of this study was to demonstrate the efficacy of Auditory Rehabilitation for Interaural Asymmetry (ARIA) to

improve dichotic listening scores in children and adolescents diagnosed with amblyaudia and other binaural integration deficits. Design:

The study is a field experiment without randomisation. Study: Participants placed into groups based on dichotic listening test scores

received four sessions of ARIA training. Baseline scores were compared to performance during the final session of training and to scores

obtained 2 or more months after completion of ARIA. Sample: A total of 125 children participated at five different clinical sites. Results:

Dichotic listening scores improved across all participants. Post hoc analyses demonstrated highly significant gains in non-dominant ear

performance and reductions of interaural asymmetry among participants diagnosed with amblyaudia at both post-ARIA measurements.

Participants in other diagnostic groups also showed significant benefits for some post-ARIA measures. Conclusions: Results demonstrate

that ARIA training is an effective method for improving binaural integration skills among children and adolescents identified with dichotic

listening weaknesses during assessments for auditory processing disorder (APD), especially for those diagnosed with amblyaudia. Benefits

achieved following ARIA training remain stable across several months.

Key Words: Auditory processing; amblyaudia; dichotic listening; behavioural measures; paediatric;

psychoacoustics/hearing science; speech perception

Amblyaudia is a type of auditory processing disorder (APD)

characterised by deficits in the binaural integration of verbal

information (Moncrieff, 2010). The hallmark pattern of amblyaudia

is an abnormally large asymmetry between the two ears during

dichotic listening (DL) tasks with either normal or below normal

performance in the dominant ear (Moncrieff et al, 2016). Children

with listening, learning and reading difficulties have produced

symmetrical deficits in binaural integration (Hynd et al, 1979;

Keefe & Swinney, 1979; Pelham, 1979; Tobey et al, 1979; Harris et

al, 1983; Roush & Tait, 1984; Grogan, 1986; Vanniasegaram et al,

2004; Pinheiro et al, 2010) as well as an abnormally large

asymmetry during DL tasks due to low performance in their non-

dominant ears (Ayres, 1977; Johnson et al, 1981; Dermody et al,

1983; Aylward, 1984; Berrick et al, 1984; Asbjornsen et al, 2000;

Vanniasegaram et al, 2004; Moncrieff & Black, 2008). The

structural model of DL (Kimura, 1961) predicts enhanced perform-

ance in the ear that is contralateral to the language dominant cortical

hemisphere, which is the right ear in 65–80% of normal listeners

(Hiscock et al, 2000; Moncrieff, 2011) and the left ear in others

(Denes & Caviezel, 1981). Because either the left or right ear can be

dominant during DL tests, a diagnosis of amblyaudia is based on

comparison to norms developed without regard to which ear is

superior (Moncrieff, 2011; Moncrieff et al, 2016).

When assessed under earphones, normal listeners can readily

identify information presented to their non-dominant ear during DL

tasks, long thought to be primarily through cortical connections via

the corpus callosum because after sectioning of the corpus

callosum, a listener’s ability to identify material presented to the

non-dominant ear is extinguished (Sparks & Geschwind, 1968). In

those patients, however, the performance improves following a

reorganisation of the auditory pathways despite the absence of

callosal transmission (Milner et al, 1968; Levitsky & Geschwind,

1968; Springer et al, 1978). This suggests that binaural integration

of dichotic material engages both contralateral and ipsilateral
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ascending pathways, probably starting in the brainstem. During

most listening experiences, individuals must fuse acoustic cues that

are similar and separate cues that are different between the two ears

in a process that is similar to binaural integration because we rarely

process sounds from an isolated single source without the influence

of competing acoustic signals. We use interaural timing and

intensity differences from binaural cues for spatial listening and

localisation, the capacity of our auditory system to interpret

information arriving along different paths, through processes that

are mediated by excitatory and inhibitory mechanisms in the

superior olivary complex of the brainstem (Middlebrooks & Green,

1991; Blauert, 1997). Binaural spatial hearing is a process that is

labile during early development (Keating & King, 2013) but may

stabilise by age 4 to 5 years (Litovsky, 2011), which could be why

children begin to perform DL tasks at age 5 (Moncrieff, 2011). By

young adulthood, normal binaural integration is characterised by

strong performance in both ears with only a small interaural

asymmetry, indicating that cues from both ears are processed

effectively during these challenging listening tasks. DL perform-

ance is also related to global top-down factors such as verbal

working memory, attention, receptive language and neurophysiolo-

gic maturation that depend on bottom-up auditory processing.

Management recommendations for APD have included a variety

of bottom-up auditory skill training strategies focussed on sensory

detection and discrimination without specificity for the type of

auditory deficit diagnosed (Chermak et al, 1999). Critics of a

speech-based auditory training programme proposed for children

with any type of APD and/or language difficulties argued that those

kinds of programme primarily influence sustained attention and fail

to generalise beyond trained skills (Moore, 2011). Auditory

Rehabilitation for Interaural Asymmetry (ARIA) is a clinical

training regimen designed to specifically rehabilitate the DL deficit

behind amblyaudia. In Phase I clinical trials conducted at the

University of Florida in 2000–2001 (Moncrieff & Wertz, 2008),

participation in ARIA led to reduced interaural asymmetry from DL

tasks in children with binaural integration deficits consistent with

amblyaudia. In addition, some children also attained grade-level

performance in listening comprehension after ARIA, a skill that was

not specifically trained. ARIA initially involved a 30-minute

training session three times per week for a period of 4–6 weeks.

To increase access during the school year, ARIA was modified in

2008 to provide two 20 min sessions divided by a 20 min rest break

at four weekly appointments. A comparison of the three-per-week

versus one-per-week modes of conducting ARIA demonstrated

results that were similar to and in some cases, better, under the new

mode of administration (Russo et al, 2014).

Researchers have reported improvements in DL scores in normal

young adults (Tallus et al, 2015) and in children identified with

APD (Tawfik et al, 2015) following a training protocol that

presented dichotic material at the same intensity to both ears. In

another study, children who received integrative auditory training

with diotic and dichotic speech-based materials in quiet and in noise

showed improvements compared to children who did not receive the

treatment (Putter-Katz et al, 2008). During ARIA, a clinician

systematically adjusts the relative intensity of input to the two ears

during DL exercises presented through sound-field speakers. The

training is conducted in sound field to increase ecologic validity

with situations similar to those encountered in daily listening

experiences (Jerger et al, 2000) and to differentiate the exercises

from presentations made under earphones during diagnostic

assessment. The approach is similar to constraint-induced physical

therapies for stroke patients and visual training for patients with

amblyopia whereby performance from the dominant side is

suppressed during targeted exercises, resulting in enhancement on

the non-dominant side. The relative intensity between the two ears

must be carefully controlled throughout training to avoid over-

training to a reversed condition of amblyaudia whereby the non-

dominant ear becomes excessively dominant over the formerly

dominant ear as inadvertently demonstrated in one study utilising a

similar method (Denman et al, 2015). Because of a risk of over-

training to a reversed abnormal interaural asymmetry, ARIA

requires individualised treatment by an audiologist with access to

audiometric equipment and appropriate training in the

methodology.

The purpose of this study was to evaluate the efficacy of ARIA

at several clinical sites in the hands of trained audiologists. At each

site, participants were assessed for APD and were enrolled in ARIA

treatment based on results from DL tests. We hypothesised that

participants would demonstrate benefits from ARIA intervention

with improvements in non-dominant ear performance after training.

Methods

Children and adolescents ages 5 to 19 years (n¼ 125) were enrolled

in ARIA at five clinical sites: Children’s Hospital of Pittsburgh,

Pittsburgh, PA; the Auditory Neurophysiology Laboratory at the

University of Pittsburgh, Pittsburgh, PA; SoundSkills APD Clinic in

Auckland, New Zealand; HearNow Abramson Audiology in Laguna

Niguel, CA; and Auditory Processing Center in Clinton, MS.

Demographic information regarding the participants enrolled in the

study is shown in Table 1. All were enrolled in ARIA following

APD assessment if they demonstrated weaknesses across at least

two tests of auditory processing (including at least one DL test), had

reported difficulties listening and learning at school, and had normal

hearing sensitivity for pure tones525 dB HL from 500 to 4000 Hz.

All children were proficient speakers of English.

Participants were assessed with the Randomized Dichotic Digits

Test (RDDT) (Strouse & Wilson, 1999), the Dichotic Words Test

(Moncrieff, 2011) and/or the Dichotic Digits Test (Musiek, 1999),

all administered under earphones through a clinical audiometer set

to 50 dB HL bilaterally. Results were compared to normative

information according to the protocol used to diagnose amblyaudia

(AMB), dichotic dysaudia (DD), and amblyaudia plus (AMB+)

(Moncrieff et al, 2016). 81 (65%) were given diagnostic labels

AMB (n¼ 58), AMB + (n¼ 16), or DD (n¼ 7). Of the remaining 44

participants, 19 of them produced abnormal results on two DL tests,

but performance patterns were mixed (MIX). The remaining 25

Table 1. Demographic information for subjects enrolled in ARIA.

Age n M F AMB AMB+ DD MIX UND

5–6 11 6 5 7 1 0 2 1

7 25 15 10 8 4 4 2 7

8 20 16 4 10 2 1 3 4

9 25 14 11 13 5 0 3 4

10 16 12 4 9 0 0 4 3

11–12 14 14 0 4 2 2 2 4

13–15 8 6 2 4 1 0 2 1

16–19 6 4 2 3 1 0 1 1

Total 125 87 38 58 16 7 19 25

AMB: amblyaudia; AMB+:amblyaudia plus dichotic dysaudia; DD:

dichotic dysaudia; MIX: mixed pattern; UND: undiagnosed.
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produced abnormal results on only one DL test and were therefore

undiagnosed with respect to binaural integration alone (UND).

Participants in the UND category also performed below normal on

another test of auditory processing so they qualified for a diagnosis

of APD based on ASHA (2005) and AAA (2010) standards.

All participated in ARIA during four weekly one-hour appoint-

ments that involved 20 min of dichotic training followed by 20 min

of rest and then followed with another 20 min of dichotic training.

Dichotic training material was comprised of words (digits, mono-

syllables and spondees) spoken in standard American English

presented in a sound-treated booth or quiet room through sound-

field speakers. Each dichotic presentation was aligned at onset and

normalised for average RMS amplitude across its duration. The

intensity of output directed toward the non-dominant ear was held at

50 dB HL while the intensity of output directed toward the dominant

ear was adjusted throughout each training session. As the purpose of

the training is to minimise interaural asymmetry while listening to

dichotic material, the goal with each presentation was to maintain

differences between the two ears close to or below 10%. Clinicians

selected a list of dichotic words and measured performance after

15–25 presentations. The order of material was not specified and if

a child had more difficulty with one type of material (words, digits),

training was usually more focussed on that material than the other

(digits, words), but both types of material were always used.

Intensity was reduced for the dominant ear when relative perform-

ance was better on that side by more than 10% and increased when

relative performance on the other side was better by more than 10%.

Adjustments to intensity were made in steps of 1 dB while

continually monitoring performance differences in the two ears as

detailed previously (Moncrieff & Wertz, 2008).

At the fourth training session, scores for most of the participants

were recorded from one list of dichotic words (n¼ 119) and one list

of two-pair dichotic digits (n¼ 116). A subset of these (n¼ 70)

returned to the clinic at least 2 months following the end of the

treatment and were reassessed for their DL skills. Scores from the

pre-ARIA assessment, the fourth training session, and the post-

ARIA assessment were used to measure task-specific outcomes

from training.

Statistical methods

The Kolmogorov–Smirnoff test determined that DL scores were not

normally distributed, even after applying rationalised arcsine

transforms to the raw data. Therefore, DL scores for the dominant

and non-dominant ears and values of interaural asymmetry were

subjected to nonparametric analyses of variance. Between-partici-

pant factors of age were compared for significant differences prior

to ARIA training. Scores before and after ARIA treatment were

compared across all participants and within each diagnostic group

for significant effects at the fourth training session and at the post-

ARIA assessment. Comparisons were made between scores

obtained at the fourth session and the post-ARIA assessment to

determine if gains were maintained or if regression had occurred.

Results

Effect of age and diagnosis on pre-ARIA DL scores

Based on results from the Jonckheere–Terpstra test, non-dominant

ear scores and interaural asymmetry were significantly different for

age group (Table 2). Dominant ear scores were significantly

different only for digits and scores for interaural asymmetry were

minimally significant for words. As shown in Figure 1, dominant

(dom) and non-dominant (nondom) ear scores increased and values

for interaural asymmetry decreased with maturation. Results are

displayed within age groups defined for establishing normative data

for scores from each test. Average ear scores and interaural

asymmetry are separated by diagnostic category and displayed in

Figure 2. The large asymmetry between the two ears that is the

hallmark pattern of amblyaudia is apparent in the lower non-

dominant ear scores and large values for interaural asymmetry in

the AMB and AMB + groups. Participants in the other diagnostic

groups (DD, MIX and UND) demonstrated abnormal but higher

non-dominant ear scores and lower values of interaural asymmetry.

Effect of ARIA training on DL scores at fourth week

Scores from the pre-ARIA evaluation were compared to scores

during the fourth session by the Wilcoxon signed ranks test. Scores

were significantly different except for dominant ear scores during

the words test as detailed in Table 3. A separate analysis for

significant differences within each diagnostic group was done by

the Wilcoxon signed ranks test with Bonferroni’s correction to

adjust significance level to p50.01 for five separate groups. As

shown in the left column of Figure 3, non-dominant ear scores

improved significantly for participants in the AMB, AMB + and

MIX groups for both words and digits. Participants in the UND

diagnostic group demonstrated significant improvement for digits

only. The goal of ARIA training was to improve non-dominant ear

performance, especially among those whose interaural asymmetry

was largest because of non-dominant ear weakness. As expected,

the greatest gains in non-dominant ear performance and reductions

in interaural asymmetry were seen in the AMB and AMB + group

whose non-dominant ear performance was lowest at diagnosis (see

Figure 2). The only group that showed a significant improvement in

their dominant ears (not shown) were those in the UND group who

demonstrated a significant increase with digits at the fourth training

session, Z¼�2.70, p¼ 0.007.

Effect of ARIA training on DL scores after several months

A subset of 70 participants returned to three clinical sites for a post-

ARIA follow-up evaluation (35 AMB, 11 AMB+, 3 DD, 7 MIX and

14 UND). All were assessed with 2-pair digits and 67 were assessed

with dichotic words at a time between 2 and 12 months following

completion of training, with most done between 3 and 6 months.

Post-ARIA scores were significantly higher than pre-ARIA diag-

nostic scores for dominant ear and non-dominant ear and were

Table 2. Significant effects of age group on individual scores.

Test Score J–T statistic Levelsa p

RDDT Non-dominant ear 5.20 6 50.001

Dominant ear 4.65 6 50.001

Interaural asymmetry �2.92 6 0.004

DWT Non-dominant ear 2.66 4 0.008

Dominant ear 1.28 4 0.201

Interaural asymmetry �1.95 4 0.051

RDDT: Randomized Dichotic Digits Test; DWT: Dichotic Words

Test; J-T Statistic is from the Jonckheere–Terpstra Test.
aLevels refers to the number of age groups in the analysis.
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significantly lower for interaural asymmetry across both tests as

shown in Table 3. Results within each diagnostic group demon-

strated significantly better post-ARIA non-dominant ear scores

among the AMB, AMB + and UND groups for digits and among the

AMB and AMB + groups for words as shown on the right side of

Figure 3. Post-ARIA improvements in the dominant ear were also

significant for the UND group with digits, Z¼�2.67, p¼ 0.007,

and words, Z¼�2.95, p¼ 0.003 (not shown). Participants in the

AMB group showed significant reductions in interaural asymmetry

with both digits and words, but those in the AMB + group showed

significant reductions only with words. There were no significant

post-ARIA changes in interaural asymmetry in the DD, MIX or

UND groups.

Comparison of scores at initial diagnosis, fourth session and

at post-ARIA evaluation

For those whose performance was measured on all three occasions

(pre-ARIA, fourth session and post-ARIA), scores were compared

by the Friedman test, a non-parametric analysis of repeated

measures. Significant differences were found across all measures

as shown in Table 4. To determine which intervals resulted in

significant differences, post hoc analyses with Wilcoxon signed

ranks tests with Bonferroni’s adjustment were run with the

significance level adjusted to p50.017 to accommodate three

intervals. As detailed in Table 5, non-dominant ear and interaural

Figure 2. Average scores in the non-dominant (nondom) (grey

bars) and dominant (dom) (black bars) for the digits test (top) and

words test (bottom) for participants in each diagnostic group. AMB:

amblyaudia; AMB+: amblyaudia plus dichotic dysaudia; DD:

dichotic dysaudia; MIX: mixed; UND: undiagnosed.

Figure 1. Age-related changes in scores in the non-dominant

(nondom) ears (dashed lines) and dominant (dom) ears (solid lines)

for the two-pairs condition of the Randomized Dichotic Digits Test

(RDDT) (top) and the Dichotic Words Test (DWT) (bottom). Age-

related changes in interaural asymmetry (earadv) for both tests are

displayed by the dash-dot lines. Age groups are defined by the

ranges used for establishing normative values for each t.
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asymmetry measures were significantly different between the pre-

ARIA evaluation and the fourth session in this subgroup of

participants, with results that are highly similar to results obtained

from the larger group of participants enrolled in the study (see Table

3). Scores between pre- and post-ARIA evaluations were also

highly significant across all measures and similar to results from the

larger group (see Table 3). The only scores that showed a significant

change between the fourth session and post-ARIA were the

dominant ear scores with words. This significant change in

dominant ear performance with words did not represent post-

training regression, however, but instead reflected a continued

improvement in the participants’ ability to process dichotic words in

their dominant ears as shown in Figure 4.

The post-ARIA improvement in the dominant ear with words

also led in some cases to an increase in interaural asymmetry.

Within this subgroup for whom measures were obtained at all three

times, average interaural asymmetry increased from under 12% to

over 18% between the fourth session and the post-ARIA evaluation.

Among those diagnosed as AMB and AMB+, nearly half of them

demonstrated interaural asymmetry with dichotic words greater than

10% at their post-ARIA evaluations. This same pattern did not

occur for participants in the DD, MIX or UND groups. This

suggests that despite gains in non-dominant ears, there may be a

residual degree of amblyaudia present among some of these

participants resulting in a tendency for the dominant ear to suppress

non-dominant ear performance. Pre- and post-ARIA values of

interaural asymmetry for participants with amblyaudia when tested

with dichotic words are displayed in Figure 5. All but three of the

participants with amblyaudia showed reductions in interaural

asymmetry, two participants (one 7-year-old and one 16-year-old)

showed an increase in interaural asymmetry after training, and one

8-year-old showed the same value as before ARIA.

Discussion

ASHA (2005) recommends assessment of ‘‘auditory performance

in competing signals’’ and the AAA Clinical Practice Guidelines

recommend testing with ‘‘Dichotic Listening (Speech) Tests’’ for

individuals suspected of having an APD. A survey of audiologists

reported that a majority use DL tests to assess patients (Emanuel et

al, 2011). DL tests have been utilised for over 50 years and new

normative information is available for assessing performance in the

non-dominant and dominant ears so that direction of ear advantage

does not influence measures of interaural asymmetry (Moncrieff,

2011; Moncrieff, 2015). All study participants demonstrated

binaural integration weaknesses and 65% of them were diagnosed

following consistent patterns from two DL tests: 46% as AMB, 13%

as AMB + and 6% as DD. Another 15% who demonstrated

inconsistent abnormal performance were designated MIX and

20% who demonstrated abnormal performance on only one DL

test were designated UND. The high prevalence of scores

designating AMB or AMB + demonstrates that clinically significant

DL deficits in the non-dominant ear are common among children

and adolescents referred for APD assessment. Since the primary

purpose of clinical assessment should be to direct remediation,

training methods designed to improve binaural integration perform-

ance with competing signals are useful to treat the large number of

children and adolescents suffering from the effects of amblyaudia.

Participants in other diagnostic groups also benefitted from

participation in ARIA. Those diagnosed as DD from relatively

symmetrical but weak performance in both ears during DL tests

demonstrated higher ear scores and lower interaural asymmetry, but

none of their results achieved significance. As there were only

seven participants diagnosed with DD and only three for whom

post-ARIA scores were measured, it is not known whether a larger

number of participants with the DD diagnosis would have shown

significant improvements following training. Those designated MIX

demonstrated inconsistent but abnormal performance on two DL

tests and showed significant improvements in their non-dominant

ears at the fourth session, but not at the post-ARIA assessment when

there were scores available for only seven of them. When examined

individually, however, only one of them continued to demonstrate

an abnormal asymmetry of 20% at the post-ARIA evaluation with

words, a difference that was only 2% above the normal cut-off

criterion for that age. This would suggest that for children and

adolescents whose abnormal performance is inconsistent, ARIA

may be able to provide improvement for their binaural integration

skills. More data from a larger subset of participants with the DD

diagnosis and MIX designation may better determine if they may

significantly benefit from ARIA training.

Those designated UND demonstrated abnormal performance on

only one DL test, either with words or with digits. They

demonstrated significant improvements in non-dominant ears with

digits at the fourth training session and the smaller subgroup of

them who returned for a post-ARIA assessment demonstrated

significant improvements in non-dominant ears with both digits and

words. It was anticipated that significant gains would be observed

only among those participants who demonstrated a consistent

pattern of weakness across both DL tests and not among those

whose weakness was apparent on only one DL test. A majority of

UND group participants who returned for post-ARIA evaluations

had produced the AMB or AMB + pattern on the one DL test that

was abnormal (9 of the 14). The significant improvements seen in

this subgroup suggests that even when DL testing falls below

normal for only one test, children and adolescents diagnosed with

APD who show the AMB or AMB + pattern on one DL test may still

benefit from enrolment in ARIA. Others in the UND group

demonstrated the DD pattern on one DL test and all showed large

Table 3. Main effects of ARIA on dichotic listening scores.

Test Score Z score n p

(a) Significant effects of ARIA on scores at fourth session.

RDDT Non-dominant ear �8.24 116 50.001

Dominant ear �2.54 116 0.011

Interaural asymmetry �7.34 116 50.001

DWT Non-dominant ear �8.18 119 50.001

Dominant ear �0.128 119 0.898

Interaural asymmetry �8.14 119 50.001

(b) Significant effects of ARIA on scores at post-ARIA evaluation.

RDDT Non-dominant ear �6.71 70 50.001

Dominant ear �2.67 70 0.008

Interaural asymmetry �5.99 70 50.001

DWT Non-dominant ear �6.01 67 50.001

Dominant ear �3.92 67 50.001

Interaural asymmetry �5.65 67 50.001

RDDT: Randomized Dichotic Digits Test; DWT: Dichotic Words

Test.

Z score is from the Wilcoxon signed ranks test.

n refers to the number of participants whose scores were analysed.

584 D. Moncrieff et al.



gains in both ears following ARIA training, suggesting that children

and adolescents who perform poorly and symmetrically on DL tests

may also benefit from participation.

Results from this study suggest that ARIA training benefits

individuals whose performance on a DL test falls below normal

which is not surprising since the training focuses on dichotic tasks.

Benefits are maximal, though, for children and adolescents whose

binaural integration skills are consistently weak across two different

DL tests, especially when the pattern leads to the diagnosis of

amblyaudia. As the ARIA training paradigm requires that the

clinician continually adjust the relative intensity of material

presented through the sound-field speakers, participants with poor

Figure 3. Left column displays results from the group of participants whose scores were measured at the fourth session of ARIA (words,

n¼ 119; digits, n¼ 117): Outcomes measured during the pre-ARIA evaluation (grey bars) and during the 4th ARIA session (black bars) for

participants in each diagnostic group (a) for non-dominant ears from the 2-pairs condition of dichotic digits; (b) for non-dominant ears from

dichotic words and (c) for interaural asymmetry measured from digits and words; Right column displays results from the subgroup of

participants whose scores were measured at pre-ARIA (grey bars) and post-ARIA (black bars) evaluation (words, n¼ 67; digits, n¼ 70);

(d) for non-dominant ears from the 2-pairs condition of dichotic digits; (e) for non-dominant ears from dichotic words; (e) for interaural

asymmetry measured from digits and words. Significance values are represented by bars, p50.001***, p50.01**, p50.05*.
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but symmetrical DL performance can do most of their training work

at relatively equal intensities throughout the training sessions. This

individualised and adaptive approach allows the clinician to

structure the training regimen to the specific performance charac-

teristics of each participant in order to maximise gains across tasks

with dichotic digits and words.

The systematic adjustments to intensity of presentations to the

dominant ear throughout ARIA depended on the performance in the

participant’s non-dominant ear. The rationale behind this approach

is based on the anatomical and physiological correlates of the

duplex theory of sound localisation (Tollin & Yin, 2002). Interaural

level differences (ILDs) produced by presenting information to the

non-dominant ear at a higher relative intensity level should result in

higher discharge rates in neurons in the ipsilateral lateral superior

olive (LSO), leading to an enhanced sensitivity to information

arriving at that side and reduced sensitivity to presentations at the

contralateral ear (Boudreau & Tsuchitani, 1968). Neurons in higher

level structures along the auditory pathway, i.e. the inferior

colliculus, medial geniculate body, and auditory cortex, are

sensitive to the neural patterns generated by ILDs and use them

to encode spatial sensitivity and location. We hypothesise that the

ILDs used during ARIA training promote increased activation along

the non-dominant ear’s auditory pathway, thereby inducing

neuroplastic changes that lead toward more symmetrical binaural

integration of verbal material.

Sound source location deficits have been reported following

conductive hearing loss in several animal studies (Slattery &

Middlebrooks, 1994; Hartley et al, 2003; Lupo et al, 2011). Even

long after conductive hearing loss has cleared, children have been

shown to have binaural localisation deficits (Hall et al, 1998;

Roberts et al, 2004). Sound localisation depends on the integration

of binaural cues, especially in environments with varied sound

sources (Blauert, 1997). However, a clear relationship between

chronic otitis media, sound localisation deficits, and performance on

DL tests has not been established. Whether participants in this study

had histories of chronic otitis media is not known, but information

relating significant histories of conductive hearing loss with

Figure 4. Average results for participants who were assessed at all

three intervals. Top panel shows non-dominant ear scores for digits

and words at each test time, pre-ARIA, fourth session and post-

ARIA. Bottom panel shows dominant ear scores for digits and

words at each test time. Significance values are represented by bars,

p50.001***, p50.01**, p50.05*.

Table 5. Post hoc analyses of differences between scores at initial
evaluation, fourth session and post-ARIA.

Test Score Test interval Z score n p

RDDT Non-dominant ear Pre-ARIA to session 4 �5.61 66 50.001

Dominant ear �2.23 0.026

Ear advantage �5.12 50.001

DWT Non-dominant ear �5.99 66 50.001

Dominant ear �0.99 0.320

Ear advantage �6.08 50.001

RDDT Non-dominant ear Pre-ARIA to post-ARIA �6.71 70 50.001

Dominant ear �2.67 0.008

Ear advantage �5.99 50.001

DWT Non-dominant ear �6.07 68 50.001

Dominant ear �3.89 50.001

Ear advantage �5.71 50.001

RDDT Non-dominant ear Session 4 to post-ARIA �0.75 66 0.453

Dominant ear �0.42 0.676

Ear advantage �0.33 0.743

DWT Non-dominant ear �0.19 64 0.852

Dominant ear �4.10 50.001

Ear advantage �3.34 0.001

RDDT: Randomized Dichotic Digits Test; DWT: Dichotic Words

Test.

Z score is from the Wilcoxon signed-ranks test.

Table 4. Significant differences between scores at initial evalu-
ation, fourth session and post-ARIA.

Test Condition V2 df n p

RDDT Non-dominant ear 67.99 2 70 50.001

Dominant ear 9.33 2 70 0.009

Interaural asymmetry 26.82 2 70 50.001

DWT Non-dominant ear 51.54 2 67 50.001

Dominant ear 18.73 2 67 50.001

Interaural asymmetry 54.87 2 67 50.001

RDDT: Randomized Dichotic Digits Test; DWT: Dichotic Words

Test.

V 2 score is from the Friedman test, a nonparametric alternative to

repeated measures ANOVA.
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binaural integration test results would be of interest in managing

deficits in children suspected of having APD.

Children with normal post-ARIA performance should be

discharged from further treatment and those whose performance

remains below normal should receive appropriate recommenda-

tions. Even with significant improvements following 4 weeks of

ARIA, some scores may not achieve normal levels in children with

severe pre-ARIA deficits. If interaural asymmetry remains high

because of abnormally low performance in the non-dominant ear or

abnormally high performance in the dominant ear, another 4-week

session of ARIA is recommended. If interaural asymmetry is normal

but performance is abnormally low in both ears, use of a remote

microphone hearing aid (‘‘FM’’) system at school is recommended

(Reynolds et al, 2016). A bilateral hearing assistive device is likely

to be more beneficial for a child who does not have a large

asymmetry when the two ears are placed in competition, so greater

benefit may be achieved once the two ears are integrating binaural

information more symmetrically. This recommendation for use of a

bilateral hearing assistive device is based on clinical experience, so

research evidence of greater benefit from remote microphone

assistive devices following treatment with ARIA is needed.

Benefits derived from participation in ARIA across other

auditory processing measures will be addressed in a subsequent

manuscript. It is hypothesised that binaural integration deficits may

underlie listening and learning difficulties and that ARIA training

may result in improvements in other auditory processing skills that

were found to be deficient during an initial evaluation for APD.

Follow-up research will assess other auditory processing skills such

as temporal resolution, speech perception in noise, spatial stream

segregation, and pattern recognition for outcomes following ARIA

training.

A limitation of this study is that not all of the clinical sites

performed post-ARIA assessments. Clinicians providing ARIA

should have patients return for a follow-up assessment at a time

between 3 and 6 months following the end of the treatment and they

should use the same tests at the diagnostic evaluation and the post-

ARIA assessment in order to adequately compare outcomes across a

variety of auditory processing skills. In the second initial trial of

ARIA, the Brigance battery was used to assess listening compre-

hension, oral reading, and word recognition following ARIA

(Moncrieff & Wertz, 2008) in order to evaluate listening and

learning skills outside of those used during a standard APD

assessment and/or during ARIA training. As this was a clinical

study designed to show that multiple practitioners at several clinical

sites could produce similar DL outcomes across children diagnosed

with amblyaudia, it was beyond its scope to add additional outside

evaluations of broader skills needed for classroom performance.

A randomised controlled trial is an appropriate next step to evaluate

the direct benefits of ARIA on DL performance and to further

investigate how improvements might generalise to listening and

language skills that can enhance learning in children diagnosed with

amblyaudia. In such a trial, all training methods including the number

of stimuli presented and the rules regarding changes to interaural

intensity throughout ARIA training will also be standardised.

Conclusions

ARIA training produced significant gains in DL test scores across

participants diagnosed with an APD with the greatest benefits

observed among those diagnosed with amblyaudia. Given that the

primary focus of ARIA is to enhance performance in the listener’s

non-dominant ear, it is not surprising that listening to dichotically

presented words throughout 4 weeks of training led to better scores

in these tasks. Scores at the fourth session are likely to reflect the

highest levels of performance because they are derived from direct

training-to-the-test, but even after intervals from 2 to 12 months,

significant improvements in non-dominant ear scores were main-

tained. With words, dominant ear scores continued to improve

following the end of ARIA training suggesting enhanced ability to

process verbal material. Maintenance of binaural integration skills

for months after training, as seen in those who returned for post-

ARIA assessments, suggests that the training led to continuing

benefit with minimal or no regression.
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Tallus, J., Soveri, A., Hämäläinen, H., Tuomainen, J. & Laine, M. 2015.

Effects of auditory attention training with the dichotic listening task:

Behavioural and neurophysiological evidence. PLoS One, 10(10),

e0139318.

Tawfik, S., Mohamed Hassan, D. & Mesallamy, R. 2015. Evaluation of

long term outcome of auditory training programs in children

with auditory processing disorders. Int J Pediatr Otorhinolaryngol, 79,

2404–2410.

Tobey, E.A., Cullen, J.K., Jr. & Rampp, D.L. 1979. Effects of stimulus-onset

asynchrony on the dichotic performance of children with auditory-

processing disorders. J Speech Hear Res, 22, 197–211.

Tollin, D.J. & Yin, T.C. 2002. The coding of spatial location by

single units in the lateral superior olive of the cat. II. The

determinants of spatial receptive fields in azimuth. J Neurosci,

22, 1468–1479.

Vanniasegaram, I., Cohen, M. & Rosen, S. 2004. Evaluation of selected

auditory tests in school-age children suspected of auditory processing

disorders. Ear Hear, 25, 586–597.

588 D. Moncrieff et al.



Hearing, Cognition, and Healthy Aging:
Social and Public Health Implications of the
Links between Age-Related Declines in
Hearing and Cognition

M. Kathleen Pichora-Fuller, Ph.D.,1,2,3

Paul Mick, MD, MPH, FRCSC,4,5 and Marilyn Reed, M.Sc.6

ABSTRACT

Sensory input provides the signals used by the brain when
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diminished, there can be short-term consequences to brain functioning,
and long-term deprivation can affect brain neuroplasticity. Indeed, the
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KEYWORDS: Social isolation, social support, healthy aging, age-

related hearing loss (ARHL), cognitive aging

Learning Outcomes: As a result of this activity, the participant will be able to (1) discuss the evidence

regarding the associations between age-related hearing loss (ARHL) and other age-related health issues, and

(2) describe how social factors influence and are influenced by ARHL to guide new approaches to audiologic

practice.

HEALTH, HEALTHY AGING, AND
THE IMPORTANCE OF SOCIAL
FUNCTIONING
All too often, old age is associated with diffi-
culties such as multiple health problems, in-
cluding declines in auditory and cognitive
abilities, and social isolation. Sensory input
provides the signals used by the brain when
listeners understand speech, enjoy music, detect
warning signals, react to environmental sounds,
and participate in social activities with other
people in a range of everyday situations. When
sensory inputs are diminished, there can be
short-term consequences to brain functioning,
and long-term deprivation can affect brain
neuroplasticity. Importantly, the interactions
of auditory and cognitive aging play out in
everyday life as people with age-related hearing
problems communicate, participate in social
activities, and maintain social roles and
relationships.

In the present article, we consider how age-
related sensory, cognitive, and social function-
ing may be interrelated and the implications of
such interrelationships for rehabilitative audi-
ology. In particular, we use the World Health
Organization’s International Classification of
Functioning, Disability and Health (WHO
ICF) and the Selective Optimization with
Compensation (SOC) model of Baltes and
Baltes to highlight the importance of adopting
a healthy aging perspective that focuses on
facilitating active social participation by older
adults.1,2

TheWHO ICF provides a familiar frame-
work that has been used by audiologists.3 Two
key features of the WHO ICF are that func-
tioning is conceptualized with bidirectional
influences across a trio of levels (impairment,
activity, and participation) spanning biological
to social factors and that functioning occurs in

context and can be modulated by personal and
environmental factors. All components of the
system are linked to each other such that change
in one will yield changes in others. Importantly,
modifying contextual factors by removing bar-
riers and/or enhancing supports can facilitate
healthy functioning for an individual. Ideally,
healthy functioning would result if personal
resources and supportive physical and social
environments were optimized to offset the
potentially negative consequences of biological
impairments. From an ecological perspective,
an optimized person-context fit would promote
healthy adaptation,4 enabling the person to
cope successfully and achieve their goals with-
out stress.

According to the SOC model, “successful”
aging involves modifying the balance between
losses and gains such that, as older adults
continue to develop in their later life, it remains
possible to have a positive balance. The SOC
model assumes that as adults age there is intra-
individual plasticity and interindividual vari-
ability (i.e., all individuals can change with age,
but they may differ in how they change). The
model describes three key processes involved in
successful aging: (1) selection and prioritization
of goals to be achieved with limited resources;
(2) optimization of how limited resources are
deployed to achieve selected goals (e.g., devel-
oping new skills can improve the efficiency of
resource use); (3) compensation by drawing on
relatively intact abilities (or using assistive
technologies) to offset declining abilities so
that selected goals can be achieved in new
ways. The SOC model can be applied in
rehabilitation to understand how older adults
cope successfully with declines and various
disabilities (e.g., recovery from stroke).5 The
model can also be used to understand how
younger and middle-aged people can prevent
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declines and prepare for successful aging by
engaging proactively in health-promoting
lifestyles.6

Health has been defined as a state of
complete physical, mental, and social well-
being and not merely the absence of disease
or infirmity,7 but from the perspective of health
promotion, health has been redefined as the
capacity of people to adapt to, respond to, or
control life’s challenges and changes.8 Impor-
tantly, hearing health needs to be thought of as
part of this capacity for people to live their lives
optimally. We are poised to reinvent hearing
health care for older adults by adopting a
healthy aging approach.

LINKS BETWEEN HEARING LOSS,
COGNITIVE DECLINE, AND THE
HEALTH OF OLDER ADULTS
The population is aging rapidly; a historically
unprecedented large proportion of the popula-
tion is becoming seniors as those in the “baby
boomer” generation turn 65 years old. Another
reason is that longevity has increased, with
more people living to older ages, including
many who are centenarians.9–11 Indeed, the
most rapid reductions inmortality are occurring
in the “oldest old” age group of octogenarians
and nonagenarians.12 Accordingly, in the com-
ing years, audiologists should expect to seemore
people who are living to older ages and whose
needs differ from those of younger adults.

In general, as the population ages, the
burden of disease and mortality is shifting
with increases in chronic, noncommunicable,
and geriatric illnesses; specifically, a recent
study of projected global disease burden, using
estimates based on trends in demographic and
socioeconomic factors, suggested that demen-
tias and adult-onset hearing loss will be among
the top 10 causes of total disability in high-
income countries by the year 2030.13 Not
surprisingly, given the increasing prevalence
of hearing loss, dementia, and other chronic
health conditions, it is becomingmore common
for older adults to have multiple comorbidities.
Indeed, there is growing awareness that hearing
loss must be factored into social policies to
promote healthy aging and programs to provide
a wide range of health services to older adults.14

Nonauditory age-related health conditions
may influence hearing loss and hearing health
care. For example, hearing loss has been linked
to other major chronic health conditions that
may be risk factors for hearing loss, including
diabetes,15 cardiovascular disease,16 and hyper-
tension.17 Furthermore, hearing rehabilitation,
including use of hearing aids, may be compli-
cated by nonauditory age-related conditions,
such as visual impairment or loss of manual
dexterity due to arthritis.18–20 Conversely, hear-
ing loss and hearing health care may influence
other age-related health conditions. Clearly,
the association between hearing loss and inci-
dent dementia has become a concern. However,
like many geriatric health conditions, dementia
rarely has a single cause; although various types
of dementia have been identified, their etiolo-
gies are not yet well understood and likely
involve a complex interaction of many genetic,
lifestyle, and environmental factors.21 Further-
more, hearing loss is associated with and may
precede a broad range of other age-related
mental and physical health issues besides de-
mentia, including depression,22 difficulties
walking,23 falls,24,25 poorer physical function-
ing and increased risk in women of incident
nursing care requirements,26 frailty,27 and even
mortality.28–32 Similar to hearing loss, demen-
tia and cognitive dysfunction also contribute to
falls,33 length of stay in hospital,34 more inten-
sive nursing care,35 and poorer recovery after
surgery,36 and hospital stays and surgery may
increase rates of cognitive declines in older
individuals with and without dementia on
admission.37 In addition, provocative findings
indicate that hearing loss may undermine the
quality and costs of health care, and that
hospital costs for patients with dementia are
higher compared to costs for peers without
dementia,38,39 even in analyses that control
for severity of medical illness, functional im-
pairment, and other potentially confounding
variables. Thus, the implications of hearing loss
in older adults, especially in those who have or
may develop dementia, extend to many aspects
of health and health care.

Of course, many older people with hearing
loss are cognitively normal, and not all people
with dementia have hearing loss. Nevertheless,
the increasingly common co-occurrence of
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declines in sensory loss and cognitive loss as
people get older does not seem to be merely a
result of increasing prevalence in unrelated
conditions, but rather that these conditions
are interrelated.40 Convincing evidence has
emerged suggesting that cognitive loss is
more prevalent or may progress more quickly
in people with hearing loss than in their peers
with good hearing. Audiologists will need to be
prepared to help an increasing number of older
adults who are living with hearing loss in
combination with other chronic health issues,
but especially those who have both hearing loss
and dementia.41

The strongest epidemiologic evidence link-
ing pure tone hearing loss to accelerated cogni-
tive decline and dementia comes from two
large, population-based cohort studies with
long follow-up periods. The first study included
a cohort of 639 dementia-free older individuals
who underwent audiometric pure tone thresh-
old testing in the early 1990s.42 The partici-
pants returned for follow-up every 2 years with a
median follow up of over 11 years. Whether or
not the time to incident all-cause dementia
depended on the severity of hearing loss was
investigated using Cox proportional hazards
regression models adjusted for age, sex, race,
education, diabetes, smoking, and hyperten-
sion. Strikingly, the risk of incident dementia
increased by 1.27 times per 10-dB increase in
hearing thresholds. Relative to people with
normal hearing, the incidence of all-cause de-
mentia was 1.89 times higher in people with
mild hearing loss, 3 times higher in people with
moderate hearing loss, and 4.94 times higher in
people with severe hearing loss. To put the
effect size into context, the authors calculated
that the cognitive reduction associated with a
25-dB loss in hearing was equivalent to the
reduction associated with an increase of 7 years
in age. Similar results were found in the second
study of nearly 2,000 people in theHealth ABC
cohort who were 70 to 79 years old.43 In that
study, participants from Pittsburgh and Mem-
phis with mild to severe hearing loss had faster
rates of cognitive decline compared with normal
hearing participants, even after adjusting for
possible confounders due to demographic or
health factors. Furthermore, at least two earlier
studies conducted by other researchers have

shown faster rates of cognitive declines among
patients who already had dementia with hear-
ing loss compared with those with normal
hearing.44,45 In addition to associations be-
tween pure tone hearing loss and dementia,
other studies have also demonstrated that
performance on tests of central auditory proc-
essing (e.g., dichotic tests of speech in noise)
are associated with cognitive status and inci-
dent dementia.46–49 Taken together, these
studies establish that there is a link between
auditory and cognitive aging, but further re-
search is required to determine why there is a
link or if the link can be modified by interven-
tion. The explanations for the link may be
based on biological, cognitive, and/or social
mechanisms. In the present article, the biolog-
ical and cognitive mechanisms are mentioned
briefly, but there is greater focus is on the
possible social mechanisms that may be associ-
ated with the link between auditory and cog-
nitive aging.

Possible Biological Mechanisms

A common neurodegenerative pathology could
conceivably lead to both hearing loss and de-
mentia. The pathognomonic b-amyloid pla-
ques, neurofibrillary tangles, and neuronal
atrophy of Alzheimer disease have been ob-
served in the peripheral visual neural and olfac-
tory sensory systems at autopsy, and reduced
smell is an early clinical symptom of the disease;
however, Alzheimer pathology, although af-
fecting the central auditory system,50 has not
been demonstrated in peripheral structures like
the cochlea or cochlear nerve.40 Other possible
biological risk factors common to both hearing
loss and dementia could be a variety of genetic,
inflammatory, or immunologic and/or other
health conditions (e.g., cardiovascular disease,
hypertension, diabetes, stress) that are often
controlled in epidemiologic studies as possible
confounders.43,51

Possible Cognitive Mechanisms

Cognitive mechanisms may contribute to the
link between hearing and dementia. Evidence
for cognitive mechanisms comes from research
on age-related changes in brain structure,
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functional brain networks, and behavioral
performance.

A link between hearing loss and changes in
brain structure is suggested by recent radio-
graphic evidence from a brain imaging study of
participants in the Baltimore Longitudinal
Study of Aging.52 Among a cohort of 126
dementia-free individuals, the mean rate of
brain volume reduction over a 6.4-year fol-
low-up was greater among participants with
hearing loss. The size of this effect was approx-
imately equivalent to the average difference
seen between people with normal cognition
and people with mild cognitive impairment.
In particular, hearing loss was related to greater
changes in the temporal lobe structures, which
are important for spoken language processing,
semantic memory, and sensory integration, and
atrophy in the medial temporal lobe is found in
the early stages of Alzheimer’s disease.53–58

Beyond changes in brain structures, it is
even more important to understand more about
changes in brain function and associated be-
haviors. Notably, in addition to biological
changes in the brain and reduced performance
on behavioral tests of memory, a necessary
condition of dementia diagnosis is loss of ability
to function independently in everyday life.59,60

Building on what has been learned about age-
related changes in functional brain networks,61

further research using functional brain meas-
ures is needed to determine how sensory-cog-
nitive brain networks may change over time and
how these changes relate to functioning in
different everyday communication situations.62

Two main themes that have emerged in re-
search on the cognitive neuroscience of aging
are that there are individual differences in
cognitive reserve and that there is cognitive
compensation such that patterns of brain acti-
vation for a given individual vary depending on
the cognitive load demanded by a task.

The concept of cognitive reserve refers to
individual differences in cognition that seem to
moderate the extent to which dementia pathol-
ogy manifests in symptoms of disease.63 People
with greater cognitive reserve are thought to
have neural networks that are less susceptible to
disruption such that they can compensate better
for pathologic changes in the brain and thereby
maintain functioning in everyday life.64 At a

certain point, however, even individuals who
have greater cognitive or brain reserves can no
longer compensate for neural degeneration and
the clinical manifestation of disease becomes
apparent, even though symptoms have been
delayed relative to others who have less reserve.
Cognitive reserve is thought to be greater for
those who are more educated, have higher IQs,
work in occupations or engage in activities with
rich opportunities for mental and social engage-
ment, and adopt healthy lifestyles in terms of
diet and physical activity.65,66 Thus, there may
be interindividual differences insofar as older
adults may begin the process of adjusting to
hearing loss having accumulated more or less
cognitive reserve over their lifetimes. In the
long term, if hearing loss compromises an
individual’s ongoing lifestyle choices, resulting
in reduced engagement in physical, mental, and
social activity, then the maintenance of the
person’s cognitive reserve may be compromised.
In this way, over many years, hearing loss may
accelerate the depletion of cognitive reserve as
dementia progresses. For a given person at a
given point in time, there are also intraindivid-
ual differences in how brain networks are
activated depending on the cognitive load de-
manded by various tasks. In studies of brain
function, increasing brain activation as the
cognitive load demanded by a task increases
has been interpreted as evidence of cognitive
compensation.61

The notions of cognitive reserve and cog-
nitive compensation are compatible with be-
havioral findings concerning interindividual
and intraindividual differences in listening per-
formance.67,68 The cognitive demands encoun-
tered by a listener performing tasks in everyday
life vary depending on a variety of interacting
factors related to the characteristics of the
listener and the signal(s) produced by one or
more sources in a context.69 Listener character-
istics, including cognitive reserve, contribute to
interindividual differences in performance. In-
dividuals of the same age can differ in their
auditory and cognitive processing abilities, and
in their linguistic and world knowledge; how-
ever, in general, processing abilities decline
whereas knowledge increases or is maintained
as adults get older.70 Finally, consistent with the
SOC model, listeners may differ in their goals
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or selection of priorities for allocating cognitive
resources, especially when there are multiple
competing tasks. These listener characteristics
interact with signal and context factors that
contribute to situation-specific intraindividual
differences in performance. In the terms of the
SOC model, optimization could reduce and/or
compensation could offset-increased cognitive
load. The signal properties affecting the cogni-
tive load demanded in a specific listening
situation may include not only the acoustic
(with or without optimization by the use of
listening technologies) and the linguistic prop-
erties of a target speech signal, but also the
properties of energetic and informational
maskers, and converging or competing infor-
mation from other sensory modalities. In addi-
tion, the cognitive load of a listening task will
depend on many aspects of the context that may
facilitate the use of semantic, social, and inter-
personal knowledge and expectancies to inter-
pret incoming signals.

In general, congruent or supportive con-
texts make the task easier and lessen cognitive
load, and incongruent contexts make the task
more difficult and increase cognitive load. Even
if the acoustical conditions are the same, in-
creased cognitive load (e.g., by increasing task
demands) causes listeners to rely more on lexical
knowledge and less on phonetic detail.71 Nota-
bly, younger adults rely relatively more on
bottom-up processing of signal cues, whereas
older adults rely relatively more on top-down
processing of context cues.72 In effect, com-
pared with younger listeners, older listeners
may be chronically operating with more cogni-
tive load and more frequently engaging com-
pensatory patterns of brain activation.73 Over
many decades, the compensatory shift in the use
of different types of information during every-
day listening may accompany permanent
changes in patterns of activation in brain net-
works, such as changes in hemispheric asym-
metry or shifts to more frontal lobe
activation.74,75 In addition, converging evi-
dence suggests that the hippocampus is in-
volved not only in memory but also in
associative memory or the binding of informa-
tion about items and contexts during the per-
ception of complex stimuli.76,77 Experimental
studies demonstrated age-related declines in

item–item and item–context associative mem-
ory, with diminished ability to compensate by
using context when information is encoded and
with disruptions of auditory associations that
are temporally defined.78,79 Insofar as those
with age-related hearing loss (ARHL) may
habitually experience even greater cognitive
loads in typical listening situations, which
might accelerate changes in brain networks, it
is possible that they could show sooner or faster
cognitive declines than peers with better
hearing.

HOW SOCIAL FACTORS
INFLUENCE AND ARE INFLUENCED
BY AUDITORY AND COGNITIVE
AGING
Social factors affect many aspects of health,
including how people live with age-related
auditory and cognitive declines; conversely,
health and age-related auditory and cognitive
declines affect social interactions and quality of
life. The connections between auditory, cogni-
tive, and social factors are illustrated by the
comment of a doctor who summed up his
experience with hearing loss as follows: “It
affected me meeting girls and having girl-
friends. Being made fun of for not hearing
things, where people were making light of it.
It hurt, but you’d never admit to it. People
would say, ‘You can hear, you just didn’t pay
attention.’ And that was partly accurate. I
stopped paying attention because I couldn’t
hear.”80 How successfully an older adult selects,
optimizes, and compensates in everyday life
may depend on several relevant social factors,
including stigma, self-efficacy, social support,
social networks, and participation in social
activities.

Stigma, Stereotypes, and Self-

Perceptions

Stigma involves the (self-)identification of a
person as having a characteristic that is devalued
in a social context.81 Negative stereotypes of
aging, as well as negative self-perceptions, may
affect the health of older adults and how they
function in everyday activities, such as commu-
nication and social interaction, which depend
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on both hearing and memory.82–84 Notably,
memory and hearing are two domains in which
older people are often negatively stereo-
typed.85–90 Age-related declines in memory
and hearing may be exacerbated when older
adults fall prey to negative stereotypes of aging,
and negative views of aging may be one reason
why older people’s self-perceptions of ability do
not always accurately reflect their actual func-
tion.91,92 The stigma associated with hearing
loss is entangled with ageism,93 and perceptions
of stigmatization can fuel the denial of hearing
problems and nonadherence to rehabilitative
treatments.94,95 The perception of stigma seems
to differ between men and women, to vary with
age, and to be associated more with hearing loss
than with hearing-aid use.96 Importantly, age
per se is not correlated with negative views of
aging,97 and responses to stigma can vary
depending on context such that some individu-
als are vulnerable while others are resilient to
stigma.81 Thus, there is potential to tailor
interventions according to the individual’s re-
sponses to stigma.

Self-Efficacy

Self-efficacy refers to domain-specific “beliefs
in one’s capabilities to organize and execute the
courses of action required to produce given
attainments.”98(p.3) In general, individuals
with high self-efficacy put forth greater effort
in achieving a behavior, persevere when diffi-
culties arise or failures occur, have self-aiding
thoughts for achieving the behavior, and cope
better with emotional, social, and environmen-
tal demands surrounding the behavior.98 Nu-
merous studies have demonstrated that
domain-specific self-efficacy plays an important
role in the successful management of a various
chronic health conditions; for example, patients
with high self-efficacy for managing diabetes
have more positive outcomes, higher health-
related quality of life, increased compliance
with treatment recommendations, and better
long-term maintenance of the modified behav-
ior compared with patients with low self-effi-
cacy.98–100 Thus, it seems that sufficient self-
efficacy is critical if older adults are to seek help,
take action, and modify and maintain the
behavior changes required for successfully

adaptation toARHL. Importantly, audiologists
could use techniques to increase the self-efficacy
of older adults at various stages of the rehabili-
tative process.101

Social Support

Social support refers to the perceived quality,
rather than the quantity, of relationships pro-
viding emotional or affective support (e.g.,
empathy), instrumental support (e.g., financial
aid), and/or informational support (e.g., ad-
vice).102,103 Social support can have a powerful
effect on outcomes for various health conditions
by promoting the use of effective coping strate-
gies and counteracting negative interpretations
of adverse events.104,105 The importance of
social support is demonstrated in the role played
by significant others in hearing rehabilitation
and by caregivers in dementia care.106 Signifi-
cant others can act as a source of motivation and
support for those using hearing aids,107,108 by
encouraging the person who is hard-of-hearing
to pursue and adhere to treatment,109,110 by
acting as a facilitator for communication, and by
providing information and instruction on the
proper use and operation of hearing aids111–113;
however, the negative attitudes of significant
others may contribute to delaying help-seeking
or rejecting treatment.114,115 The availability of
the social support seems to differentiate suc-
cessful from unsuccessful and satisfied from
unsatisfied hearing aid users.116,117 Further-
more, social support is a strong predictor of
adjustment to the psychological distress associ-
ated with hearing loss.118

Social support provided by significant
others and caregivers may be beneficial to the
person who has the impairment(s), but unfor-
tunately, providing social support may strain
relationships, increase stress, and compromise
the health and quality of life of those who
provide the support. Hearing loss affects not
only the person who has hearing loss but also
significant others,119–130 reducing their physi-
cal, psychological, and social well-being. In
particular, third-party disability manifests in
wide-ranging effects on the spouses of persons
with hearing impairment,131 including commu-
nication difficulties, emotional sequelae, and
effects on relationships and everyday
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activities.127,129 Similarly, the well-known bur-
den of caregiving for an individual with demen-
tia can result in changes in caregivers’ own
physical health, mental health, financial
resources, and social participation.132,133

Dementia can result in difficulties with lan-
guage and cognition,134,135 and hearing loss in
this population can also lead to communication
breakdowns. Importantly, breakdowns in com-
munication increase caregiver burden and have
been identified as one of the most distressing
problems for caregivers of people with
dementia.136–139 For example, many of the
behavioral symptoms of AD and other demen-
tias, such as frequent requests for repetition and
difficulty following conversations, can lead to
withdrawal from social situations and increased
feelings of caregiver burden. The combination
of declines in hearing and cognition may be
overwhelming for caregivers,41 but audiologic
rehabilitation of older adults with cognitive
impairment and their significant others may
help alleviate burden, increasing the efficiency
of home care and delaying the client’s move to
institutional care.140

Social Networks

Significant others and caregivers are the core of
an older person’s social network. Indeed, as
people age, their socioemotional priorities shift
toward a focus on emotional regulation and
having fewer, high-quality close relationships
and away from a focus on knowledge acquisi-
tion and having larger social networks.141 Im-
portantly, maintaining social connections is
critical to healthy aging. Indeed, social isolation
and loneliness are particularly common in older
adults and increase their risks of mortality,
mental and physical health issues, disabilities,
and difficulty in making life-course transi-
tions.142,143 Stronger social networks may re-
duce mortality, cardiovascular disease,
depression, and anxiety,144–147 with the risk
of mortality associated with social isolation
being as great as that of other notorious clinical
risk factors such as cigarette smoking and
hypertension.148,149 Hearing loss in cognitively
normal older adults has been related to reduced
quality of life and increased social isolation and
emotional distress,150 as well as reductions in

physical capabilities and instrumental activities
of daily living, such as managing medication.151

A recent population-based study conducted
using nationally representative data for the
United States confirmed that older people
with hearing loss, especially women, had
smaller social networks compared with people
with normal hearing.152 Isolation may increase
the risks of dementia onset and progression.
Epidemiologic studies indicate that weaker
social networks, reduced social support and
loneliness increase the risk of incident dementia
among those who are initially free of the
disease,153,154 after controlling for potentially
confounding variables. Again, age-related de-
clines in hearing and cognition both increase
risk of social isolation and in combination the
risk is likely to be even greater. Preventing social
isolation must be a target for audiologic reha-
bilitation designed to promote healthy aging.

PARTICIPATION IN SOCIAL
ACTIVITIES
Beyond merely preventing social isolation, ef-
fective selection, optimization, and compensa-
tion would enable a person who is aging
successfully to participate actively in enriching
activities in everyday life. In models based on
population data, there are significant paths from
age to hearing to intelligence to participation in
activities of daily living.155 In samples of people
with hearing impairment (or vision im-
pairment), relationships have been found be-
tween cognition and everyday functioning.156

Again, there are reciprocal issues insofar as not
only do auditory and cognitive declines com-
promise active participation in everyday life, but
reduced opportunities for social participation
may accelerate further declines. Animal studies
showed that social and sensory stimulation can
strengthen the structure and function of the
central nervous system at the cellular and mo-
lecular levels; for example, compared with con-
trols isolated in sensory-deprived conditions,
rats randomized to live among their peers in
cages containing abundant sensory stimuli had
lower concentrations of inflammatory cytokines
and higher levels of protective neurotrophic
factors in the hippocampus, with greater num-
bers of synapses per dendrite, larger neurons,
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and greater neurogenesis, as well as better
spatial memory and learning behaviors.157 Sim-
ilar molecular and cellular changes have been
observed in animals exposed to greater levels
of physical activity158 or reduced caloric in-
take,159 and these changes may mediate a path
between healthy lifestyles and cognitive resil-
ience. Of many studies conducted in humans,
one of the most intriguing evaluated the Expe-
rience Corps,160 a social intervention in which
at-risk older adults are trained and work as
volunteers with children in classrooms; com-
pelling evidence suggests that increasing mean-
ingful social participation for the volunteers
resulted in numerous positive outcomes, in-
cluding improved physical performance (walk-
ing speed), improved cognitive performance
(memory), and increased size of social net-
works. Furthermore, functional brain imaging
provided evidence of intervention-specific in-
creases in brain activity in the left prefrontal
cortex and anterior cingulate cortex over the 6-
month interval relative to matched controls,
with matched gains in executive inhibitory
ability.161 In general, longitudinal population-
based studies suggest that greater participation
by older adults in social activities may be
associated with better cognition.162 These find-
ings point to active and meaningful social
participation as another target for audiologic
rehabilitation designed to promote healthy
aging.

IMPLICATIONS FOR AUDIOLOGIC
PRACTICE
As described above, across time and at any given
point in time, the health and everyday social
functioning of older adults can affect and be
affected by age-related declines in hearing and
cognition. Consistent with the WHO ICF
framework, there is a pressing need to reinvent
hearing health care for older adults by adopting
a healthy aging approach that emphasizes social
participation. The processes for achieving suc-
cessful aging described in the SOCmodel could
be used as a basis for designing new approaches
to rehabilitative audiology and for designing
other health-related programs delivered to
older adults who have hearing problems. The
WHO ICF and SOCmodel could be applied in

programs to prevent, assess, treat, and increase
accessibility for older adults who have ARHL.

Prevention

Fortunately, over the past 20 to 30 years, total
disability among Americans 65 years and older
has declined by �25%, possibly in response to
rising levels of education and standards of
living, better treatment of cardiovascular dis-
eases, reduced rates of smoking, greater avail-
ability of assistive devices, and less physically
demanding jobs.163 Similarly, risk of ARHL
decreased throughout the 20th century in
North America, possibly in response to lower
levels of industrial noise and better control of
cardiovascular disease.164 Prevention of ARHL
may be achieved by addressing risk factors like
cardiovascular disease and noise exposure, par-
ticularly among young people whose ears may
be particularly susceptible to subclinical noise
damage.165 These findings are inspiring public
health researchers to find more ways to slow or
prevent age-related health issues, especially
cognitive impairment and dementia, and to
improve the independence and well-being of
older adults. On the one hand, health promo-
tion initiatives that help older adults to main-
tain good health and active social participation
could moderate some of the negative conse-
quences of age-related declines in hearing and
cognition. On the other hand, if hearing loss is a
modifiable risk factor, especially for dementias
and cognitive decline, then sooner and better
hearing health care could moderate some of the
negative consequences of several age-related
health issues.

Assessment

Audiometric threshold testing has been the
cornerstone of traditional audiologic assess-
ment, and hearing aid fitting has been the
cornerstone of traditional audiologic rehabili-
tation. Going beyond the information gathered
in a traditional audiologic assessment, informa-
tion about nonaudiometric factors concerning
relevant aspects of an individual’s physical,
mental, and social health would be needed to
plan effective hearing health care in the broader
context of healthy aging. Relevant aspects of
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physical health would include background on
other sensory modalities (e.g., vision, balance,
touch), motor functioning (e.g., dexterity, mo-
bility, falls), and chronic health conditions (e.g.,
diabetes, cardiovascular disease, hypertension).
Relevant aspects of mental health would in-
clude background on cognitive functioning
(e.g., screening or history of diagnosis of mild
cognitive impairment or dementia) and mood
(e.g., depression) or other psychological or
psychiatric disorders (e.g., anxiety). Audiolo-
gists would not typically gather information
about physical and mental health issues, and
other health professionals, even those diagnos-
ing dementia, seldom gather information about
hearing,166 even though hearing problems
could affect the results of testing.167 However,
in the context of interprofessional teams, those
involved in the care of older adults with multi-
ple health issues could benefit from cooperating
and sharing relevant information to ensure that
the best quality of health care is provided.

In addition to information about physical
and mental health, information about relevant
aspects of social functioning would be needed
to plan hearing health care designed to pro-
mote successful aging. Rehabilitation planning
could be greatly enhanced if audiologists had
information about the social factors that are
most likely to influence an older adult’s readi-
ness to seek help, take action, and maintain
behavior change to live successfully with hear-
ing loss. These measures would provide in-
sights into the stigma, self-efficacy, social
support, social isolation, and social participa-
tion issues of the individual with hearing loss.
Planning rehabilitation designed to help an
older adult achieve a good person–environment
fit would also require information about the
contextual barriers and facilitators specific to
the individual’s physical and social communi-
cation ecologies. Such information would be
used to assess the accessibility needs of the
person, in particular communication situations,
as well as to characterize the availability of
social support and possible concerns regarding
third-party disability or caregiver burden. For-
tunately, there has been a recent increase in
research on applying the principles of health
and social psychology in audiologic
rehabilitation.168

Rehabilitation

Current rehabilitation options for individuals
with ARHL include technologies (e.g., hearing
aids, assistive devices, cochlear implants), audi-
tory or communication training, counseling,
and group programs. Unfortunately, there is
no simple, one-size-fits-all solution for adults
with normal cognition, and more specialized
interventions for those at various stages of
cognitive decline are rarely implemented in
typical audiology clinical settings.41,169 Some
barriers to successful rehabilitation are related
to technology that falls short of user expect-
ations or is expensive and/or ergonomically
suboptimal. However, there are many other
barriers to successful rehabilitation that are
primarily related to social factors.

Many older adults delay seeking help for
hearing problems and, by the time they first try
a hearing aid, they are already affected by
multiple physical and cognitive health issues.
For decades, hearing health professionals have
advocated for fitting hearing aids as soon as
possible and certainly while older adults are
physically and psychologically able to learn to
use the technology.170,171 Although some
health professionals have questioned the value
of hearing rehabilitation for older adults with
dementia, it seems that hearing rehabilitation
may be of extreme importance in helping
these individuals and their family care-
givers.43,170,172 There is strong evidence that
hearing aids and auditory rehabilitation im-
prove communication and hearing-related
quality of life.173,174 If poorer communication
increases risk for social isolation and with-
drawal from social participation, which in turn
contribute to the link between hearing loss and
cognitive decline, then it is possible that im-
proving communication by using hearing aids
might weaken the link. In epidemiologic stud-
ies, cognitive declines were associated with
hearing loss but did not differ between partic-
ipants who reported using hearing aids and
those who did not42,43; however, minimal
information on hearing aid use was available.
High-quality, long-duration randomized con-
trolled trials are needed to determine if older
adults with clinically significant cognitive
declines benefit as much as peers with normal
cognition from current best practices in
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audiologic rehabilitation and if such rehabili-
tation can slow cognitive declines.14

Some older adults are successful in adapt-
ing to hearing loss. They identify and accept
that they have hearing-related problems; they
select the situations and relationships where
communication has the most value for them;
they optimize by learning new listening skills
(e.g., through auditory training and practice),
using technologies (e.g., hearing aids and assis-
tive devices), andmodifying environments (e.g.,
by reducing background noise); and they com-
pensate by speech-reading and using commu-
nication strategies in conversation (e.g., asking
communication partners to speak clearly). But
other people have more difficulty making
changes to adjust to life as a person with hearing
loss. Theymay not recognize ormight deny that
they have hearing problems; they might never
have their hearing tested; they might avoid
social situations out of fear of embarrassment,
or take out their frustrations in ways that may
damage relationships with friends or family,
jeopardize social support, and/or reduce oppor-
tunities for interaction.130

New approaches may be needed to over-
come barriers arising from social factors such as
stigma and negative views of aging, poor self-
efficacy, lack of social support, and social isola-
tion and/or withdrawal from social interaction.
For example, Internet screening may provide an
opportunity to reach those who would not come
to a clinic for a hearing test. However, the
identification of hearing loss by screening may
be insufficient to predispose further action; new
approaches to increase readiness for hearing
rehabilitation will likely be needed to predis-
pose uptake of hearing aids and other changes
in behavior to improve hearing-related quality
of life.175,176 Other new approaches, especially
those involving social support, may be needed
to reinforce and maintain new behaviors and
coping; for example, in one study, harnessing
social support by including significant others in
rehabilitation classes for individuals with hear-
ing loss resulted in larger reductions in hearing
handicap scores for those who attended with a
significant other compared with those who
attended alone.177 The Internet may also pro-
vide new opportunities to overcome these bar-
riers; for example, lack of social support

predicted the frequency of participation in
and subjective benefit from an online self-
help group for hearing loss.178 Finally, new
rehabilitative approaches to address the effects
of hearing loss on significant others could also
help to predispose uptake and reinforce out-
comes of audiologic rehabilitation, especially
for caregivers of older adults who have hearing
loss and clinically significant cognitive declines.

Accessibility

Reduction of the risk of developing dementias
may depend on lifestyle changes and improved
treatment or prevention of chronic health con-
ditions, including hearing loss, that confer
additional risk. The most important modifiable
lifestyle factors include cognitive reserve, phys-
ical activity and exercise, dietary factors, alcohol
intake, and smoking. The most obvious treat-
able chronic health conditions include cardio-
vascular diseases, stroke, midlife hypertension,
diabetes, and midlife hypercholesterolemia.179

Sadly, many of the potentially modifiable risk
factors for dementia, such as socialization,
physical activity, and prevention or treatment
of chronic health conditions, including hearing
loss as a recent addition, are poorly addressed at
the population level. Too many people are
isolated, sedentary, and do not do anything
about hearing impairment. There may be im-
portant opportunities to reduce the incidence of
cognitive loss if these factors, and others, are
addressed in a comprehensive manner in com-
munities, hospitals, and clinics. The current
model of health care, however, which is subju-
gated to the “tyranny of the acute” and divided
into professional silos, is not an ideal platform
upon which to build a holistic program that
aims to prevent chronic illness.

New interprofessional and public health
approaches to population health are needed.
In particular, such approaches could increase
awareness of the importance of hearing
health, better integrate hearing health care
into the larger health care picture, increase
uptake of amplification devices and other
forms of audiologic rehabilitation, and man-
date public policies and environmental ac-
commodations such as ambient noise controls
and access to written information in public
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spaces. At the level of global health policy,
within the last decade, the World Health
Organization has spearheaded an interna-
tional “age-friendly cities” agenda to foster
environmental and social initiatives for “ac-
tive aging,” including community-level pro-
grams to promote the health, security, and the
social participation of older adults in socie-
ty.180 A challenge to audiologists is to begin
to contribute to such initiatives.181

CONCLUSION
Greater attention to improving lifestyle and
medical risk factors for cognitive declines is
urgently needed across adulthood. Prevention
and mitigation of hearing loss may play a
significant role in these efforts, in combination
with other ways to promote healthy physical,
mental, and social aging. Even if dementias
cannot be entirely prevented by sooner and
better hearing health care, simply delaying the
onset of disease would result in significant
benefits to individuals and society. It is estimat-
ed that a 1-year delay would lead to a 10%
reduction in prevalence by 2050,182 and there
would likely be additional, noncognitive bene-
fits to the health and well-being of older adults.
The alternative of doing nothing will almost
certainly result in growing strains on families,
health care systems, and aging societies.
Audiologists have a valuable contribution to
make by reinventing hearing care in the context
of healthy and successful aging.
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64. Nyberg L, Lövd�en M, Riklund K, Lindenberger
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Switzerland: Phonak; 2010:53–65

69. Pichora-Fuller MK. Auditory and cognitive proc-
essing in audiologic rehabilitation. In Spitzer J,
Montano J, eds. Adult Audiologic Rehabilitation:
Advanced Practices, 2nd ed. San Diego, CA:
Plural Publishing; 2013:519–536

70. Park DC, Lautenschlager G, Hedden T, David-
son NS, Smith AD, Smith PK. Models of visuo-
spatial and verbal memory across the adult life
span. Psychol Aging 2002;17(2):299–320

71. Mattys S, Wiget L. Effects of cognitive load on
speech recognition. J Mem Lang 2011;65:
145–160

72. Goy H, Pelletier M, Coletta M, Pichora-Fuller
MK. The effects of semantic context and the type
and amount of acoustic distortion on lexical deci-
sion by younger and older adults. J Speech Lang
Hear Res 2013;56(6):1715–1732

73. Schneider BA, Pichora-Fuller MK, Daneman M.
The effects of senescent changes in audition and
cognition on spoken language comprehension. In:
Gordon-Salant S, Frisina R, Popper A, Fay D,

HEARING, COGNITION, AND HEALTHY AGING/PICHORA-FULLER ET AL 135

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

http://journal.frontiersin.org/article/10.3389/fnhum.2012.00309/full
http://journal.frontiersin.org/article/10.3389/fnhum.2012.00309/full


eds. The Aging Auditory System: Perceptual
Characterization and Neural Bases of Presbycusis,
Springer Handbook of Auditory Research. Berlin,
Germany: Springer; 2010:167–210

74. Cabeza R. Hemispheric asymmetry reduction in
older adults: the HAROLD model. Psychol Ag-
ing 2002;17(1):85–100

75. Davis SW, Dennis NA, Daselaar SM, Fleck MS,
Cabeza R. Que PASA? The posterior-anterior
shift in aging. Cereb Cortex 2008;18(5):
1201–1209

76. Olsen RK, Moses SN, Riggs L, Ryan JD. The
hippocampus supports multiple cognitive process-
es through relational binding and comparison.
Front Hum Neurosci 2012;6:146

77. Yonelinas AP. The hippocampus supports high-
resolution binding in the service of perception,
working memory and long-term memory. Behav
Brain Res 2013;254:34–44

78. Li SC, Naveh-Benjamin M, Lindenberger U.
Aging neuromodulation impairs associative bind-
ing: a neurocomputational account. Psychol Sci
2005;16(6):445–450

79. Howard MW, Kahana MJ, Wingfield A. Aging
and contextual binding: modeling recency and lag
recency effects with the temporal context model.
Psychon Bull Rev 2006;13(3):439–445

80. Bouton K. ShoutingWon’t Help:Why I—and 50
Million Other Americans—Can’t Hear You. New
York, NY: Sarah Crichton Books; 2013

81. Southall K, Gagn�e J-P, Jennings MB. Stigma: a
negative and a positive influence on help-seeking
for adults with acquired hearing loss. Int J Audiol
2010;49(11):804–814

82. Levy BR, Slade MD, Kasl SV. Longitudinal
benefit of positive self-perceptions of aging on
functional health. J Gerontol B Psychol Sci Soc
Sci 2002;57(5):409–417

83. Ryan EB, Meredith SD, MacLean MJ, Orange
JB. Changing the way we talk with elders: pro-
moting health using the communication enhance-
ment model. Int J Aging Hum Dev 1995;41(2):
89–107

84. Ryan EB, Giles H, Bartolucci G, Henwood K.
Psycholinguistic and social psychological compo-
nents of communication by and with the elderly.
Lang Commun 1986;6:1–24

85. Chasteen AL, Schwarz N, Park DC. The activa-
tion of aging stereotypes in younger and older
adults. J Gerontol B Psychol Sci Soc Sci 2002;
57(6):540–547

86. Cuddy A, NortonM, Fiske S. This old stereotype:
the pervasiveness and persistence of the elderly
stereotype. J Soc Issues 2005;61:267–285

87. Goffman E. Stigma:Notes on theManagement of
Spoiled Identity. Englewood Cliffs, NJ: Prentice-
Hall; 1963

88. Hummert ML, Garstka TA, Shaner JL, Strahm
S. Stereotypes of the elderly held by young,
middle-aged, and elderly adults. J Gerontol
1994;49(5):240–249

89. Levy B. Stereotype embodiment: a psychosocial
approach to aging. Curr Dir Psychol Sci 2009;
18(6):332–336

90. Levy BR, Slade MD, Gill TM. Hearing decline
predicted by elders’ stereotypes. J Gerontol B
Psychol Sci Soc Sci 2006;61(2):82–87

91. Hertzog C, Dunlosky J. Metacognition in later
adulthood: spared monitoring can benefit older
adults’ self-regulation. Curr Dir Psychol Sci 2011;
20(3):167–173

92. Hertzog C, Hultsch DF. Metacognition in adult-
hood and old age. In: Craik F, Salthouse T, eds.
The Handbook of Aging and Cognition. Mah-
wah, NJ: Lawrence Erlbaum Associates; 2000:
417–466

93. Wallhagen MI. The stigma of hearing loss. Ger-
ontologist 2010;50(1):66–75

94. H�etu R. The stigma attached to hearing im-
pairment. Scand Audiol Suppl 1996;43:12–24

95. Gagn�e JP, Southall K, Jennings M. The psycho-
logical effects of social stigma: applications to
people with an acquired hearing loss. In:Montano
J, Spitzer J, eds. Advanced Practice in Adult
Audiologic Rehabilitation: International Perspec-
tive. New York, NY: Plural Publishing; 2009:
63–92

96. Erler SF, Garstecki DC. Hearing loss- and hear-
ing aid-related stigma: perceptions of women with
age-normal hearing. Am J Audiol 2002;11(2):
83–91

97. Kang SK, Chasteen AL. The development and
validation of the age-based rejection sensitivity
questionnaire. Gerontologist 2009;49(3):303–316

98. Bandura A. Self Efficacy: The Exercise of Con-
trol. New York, NY: Freeman; 1997

99. van der Bijl JJ, Shortridge-Baggett LM. The
theory and measurement of the self-efficacy con-
struct. Sch Inq Nurs Pract 2001;15(3):189–207

100. Plack K, Herpertz S, Petrak F. Behavioral medi-
cine interventions in diabetes. Curr Opin Psychi-
atry 2010;23(2):131–138

101. Smith SL, West RL. The application of self-
efficacy principles to audiologic rehabilitation: a
tutorial. Am J Audiol 2006;15(1):46–56

102. Broadhead WE, Gehlbach SH, de Gruy FV,
Kaplan BH. The Duke-UNC Functional Social
Support Questionnaire. Measurement of social
support in family medicine patients. Med Care
1988;26(7):709–723

103. Cohen S. Social relationships and health. Am
Psychol 2004;59(8):676–684

104. BroadheadWE, Kaplan BH, James SA, et al. The
epidemiologic evidence for a relationship between

136 SEMINARS IN HEARING/VOLUME 36, NUMBER 3 2015

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



social support and health. Am J Epidemiol 1983;
117(5):521–537

105. Cohen S,Wills TA. Stress, social support, and the
buffering hypothesis. Psychol Bull 1985;98(2):
310–357

106. Erber N. Communication Therapy for Adults
with Sensory Loss. Melbourne, Australia: Clavis;
1996

107. Carson AJ. “What brings you here today?” The
role of self-assessment in help-seeking for age-
related hearing loss J Aging Stud 2005;
19:185–200

108. Lockey K, Jennings MB, Shaw L. Exploring
hearing aid use in older women through narra-
tives. Int J Audiol 2010;49(8):542–549

109. Duijvestijn JA, Anteunis LJ, Hoek CJ, Van Den
Brink RH, Chenault MN, Manni JJ. Help-seek-
ing behaviour of hearing-impaired persons aged>
or ¼ 55 years; effect of complaints, significant
others and hearing aid image. Acta Otolaryngol
2003;123(7):846–850

110. Meyer C, Hickson L, Lovelock K, Lampert M,
Khan A. An investigation of factors that influence
help-seeking for hearing impairment in older
adults. Int J Audiol 2014;53(Suppl 1):S3–S17

111. Mahoney CF, Stephens SD, Cadge BA. Who
prompts patients to consult about hearing loss? Br
J Audiol 1996;30(3):153–158

112. van den Brink RH, Wit HP, Kempen GI, van
Heuvelen MJ. Attitude and help-seeking for
hearing impairment. Br J Audiol 1996;30(5):
313–324

113. Manchaiah VKC, Stephens D, Lunner T. Com-
munication partners’ journey through their part-
ner’s hearing impairment. Int J Otolaryngol 2013;
2013:707910

114. Brooks DN. The effect of attitude on benefit
obtained from hearing aids. Br J Audiol 1989;
23(1):3–11

115. Kochkin S. MarkeTrak VII: Obstacles to adult
non-user adoption of hearing aids. Hear J 2007;
60:24–51

116. Hickson L, Meyer C, Lovelock K, Lampert M,
Khan A. Factors associated with success with
hearing aids in older adults. Int J Audiol 2014;
53(Suppl 1):S18–S27

117. Singh G, Lau S-T, Pichora-Fuller MK. Social
support predicts hearing aid satisfaction. Ear
Hear, doi: 10.1097/AUD.0000000000000182

118. Frankel B, Turner R. Psychological adjustment in
chronic disability: the role of social support in the
case of the hearing impaired. Can J Sociol 1983;
8:273–291

119. H�etu R, Lalonde M, Getty L. Psychosocial dis-
advantages associated with occupational hearing
loss as experienced in the family. Audiology 1987;
26:141–152

120. Stephens D, France L, Lormore K. Effects of
hearing impairment on the patient’s family and
friends. Acta Otolaryngol 1995;115(2):165–167

121. Stephens D. Hearing rehabilitation in a psycho-
social framework. Scand Audiol Suppl 1996;
43:57–66

122. Heine C, Erber NP, Osborn R, Browning CJ.
Communication perceptions of older adults with
sensory loss and their communication partners:
implications for intervention. Disabil Rehabil
2002;24(7):356–363

123. Kramer SE, Kapteyn TS, Kuik DJ, Deeg DJ. The
association of hearing impairment and chronic
diseases with psychosocial health status in older
age. J Aging Health 2002;14(1):122–137

124. Danermark B, Gellerstedt LC. Psychosocial work
environment, hearing impairment and health. Int
J Audiol 2004;43(7):383–389

125. Stark P, Hickson L. Outcomes of hearing aid
fitting for older people with hearing impairment
and their significant others. Int J Audiol 2004;
43(7):390–398

126. Scarinci N, Worrall L, Hickson L. The effect of
hearing impairment in older people on the spouse.
Int J Audiol 2008;47(3):141–151

127. Scarinci N, Worrall L, Hickson L. The effect of
hearing impairment in older people on the spouse:
development and psychometric testing of the
significant other scale for hearing disability
(SOS-HEAR). Int J Audiol 2009;48(10):
671–683

128. Kamil RJ, Lin FR. The effects of hearing im-
pairment in older adults on communication part-
ners: a systematic review. J AmAcad Audiol 2015;
26(2):155–182

129. Wallhagen MI, Strawbridge WJ, Shema SJ, Ka-
plan GA. Impact of self-assessed hearing loss on a
spouse: a longitudinal analysis of couples. J Ger-
ontol B Psychol Sci Soc Sci 2004;59(3):
S190–S196

130. H�etu R, Jones L, Getty L. The impact of acquired
hearing impairment on intimate relationships:
implications for rehabilitation. Audiology 1993;
32(6):363–381

131. Scarinci N, Worrall L, Hickson L. The ICF and
third-party disability: its application to spouses of
older people with hearing impairment. Disabil
Rehabil 2009;31(25):2088–2100

132. George LK, Gwyther LP. Caregiver well-being: a
multidimensional examination of family care-
givers of demented adults. Gerontologist 1986;
26(3):253–259

133. Dunkin JJ, Anderson-Hanley C. Dementia care-
giver burden: a review of the literature and guide-
lines for assessment and intervention. Neurology
1998;51(1, Suppl 1):S53–S60, discussion S65–
S67

HEARING, COGNITION, AND HEALTHY AGING/PICHORA-FULLER ET AL 137

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



134. Zientz J, Rackley A, Chapman SB, et al. Evi-
dence-based practice recommendations for de-
mentia: educating caregivers on Alzheimer’s
disease and training communication strategies. J
Med Speech-Lang Pathol 2007;15(1):53–64

135. Kempler D. Neurocognitive Disorders in Aging.
Thousand Oaks, CA: Sage Publications; 2005

136. Savundranayagam MY, Hummert ML, Mont-
gomery RJV. Investigating the effects of commu-
nication problems on caregiver burden. J Gerontol
B Psychol Sci Soc Sci 2005;60(1):S48–S55

137. Orange JB. Perspectives of family members re-
garding communication changes. In: Lubinski R,
eds. Dementia and Communication. Philadel-
phia, PA: Mosby; 1991:168–186

138. Ripich DN, Horner J. The neurodegenerative
dementias: diagnoses and interventions. ASHA
Leader 2004;9:4–5

139. Kinney JM, Stephens MA. Hassles and uplifts of
giving care to a family member with dementia.
Psychol Aging 1989;4(4):402–408

140. Yaffe K, Fox P, Newcomer R, et al. Patient and
caregiver characteristics and nursing home place-
ment in patients with dementia. JAMA 2002;
287(16):2090–2097

141. Carstensen LL, Isaacowitz DM, Charles ST.
Taking time seriously. A theory of socioemotional
selectivity. Am Psychol 1999;54(3):165–181

142. Tomaka J, Thompson S, Palacios R. The relation
of social isolation, loneliness, and social support to
disease outcomes among the elderly. J Aging
Health 2006;18(3):359–384

143. House JS. Social isolation kills, but how and why?
Psychosom Med 2001;63(2):273–274

144. House JS, Robbins C, Metzner HL. The associa-
tion of social relationships and activities with
mortality: prospective evidence from the Tecum-
seh Community Health Study. Am J Epidemiol
1982;116(1):123–140

145. Green AF, Rebok G, Lyketsos CG. Influence of
social network characteristics on cognition and
functional status with aging. Int J Geriatr Psychi-
atry 2008;23(9):972–978

146. Oxman TE, Berkman LF, Kasl S, Freeman DH
Jr, Barrett J. Social support and depressive symp-
toms in the elderly. Am J Epidemiol 1992;135(4):
356–368

147. Strogatz DS, James SA. Social support and hy-
pertension among blacks and whites in a rural,
southern community. Am J Epidemiol 1986;
124(6):949–956

148. House JS, Landis KR, Umberson D. Social rela-
tionships and health. Science 1988;241(4865):
540–545

149. Pantell M, Rehkopf D, Jutte D, Syme SL, Balmes
J, Adler N. Social isolation: a predictor of mortal-
ity comparable to traditional clinical risk factors.
Am J Public Health 2013;103(11):2056–2062

150. Arlinger S. Negative consequences of uncorrected
hearing loss—a review. Int J Audiol 2003;42
(Suppl 2):S17–S20

151. Crews JE, Campbell VA. Vision impairment and
hearing loss among community-dwelling older
Americans: implications for health and function-
ing. Am J Public Health 2004;94(5):823–829

152. Mick P, Kawachi I, Lin FR. The association
between hearing loss and social isolation in older
adults. Otolaryngol HeadNeck Surg 2014;150(3):
378–384

153. Seeman TE, Kaplan GA, Knudsen L, Cohen R,
Guralnik J. Social network ties and mortality
among the elderly in the Alameda County Study.
Am J Epidemiol 1987;126(4):714–723

154. Shankar A, Hamer M, McMunn A, Steptoe A.
Social isolation and loneliness: relationships with
cognitive function during 4 years of follow-up in
the English Longitudinal Study of Ageing. Psy-
chosom Med 2013;75(2):161–170

155. Marsiske M, Klumb P, Baltes MM. Everyday
activity patterns and sensory functioning in old
age. Psychol Aging 1997;12(3):444–457

156. Heyl V,Wahl HW.Managing daily life with age-
related sensory loss: cognitive resources gain in
importance. Psychol Aging 2012;27(2):510–521

157. Pham TM, Winblad B, Granholm AC, Mo-
hammed AH. Environmental influences on brain
neurotrophins in rats. Pharmacol Biochem Behav
2002;73(1):167–175
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    The International Classifi cation of Functioning, Disability and 
Health (ICF) has gained emerging interest during the last decade. 
ICF was endorsed by the World Health Organization (WHO) in 2001 
for use as the international standard for describing and measuring 
health and disability within the member states (WHO, 2001a). ICF 
offers a  theoretical framework  by integrating the social model 
(wherein disability is viewed as consequences of societal conditions) 
and the medical model (for which disability is viewed as being con-
nected to the bodily dimension of a person, caused by a disease) into 
a bio-psycho-social approach. ICF is also a  classifi cation , with 
numerical category codes developed for use in clinical settings or 
research (WHO, 2001b). ICF has previously gained interest within 
the audiological research fi eld. Stephens (2001) discussed the advan-
tages and shortcomings of ICF compared to its precursor, the Inter-
national Classifi cation of Impairments, Disabilities, and Handicaps 
(ICIDH). The author emphasized the strengths of the theoretical 
model, such as the transformation from the negative concepts of 
 ‘ impairment, disability, and handicap ’  to the more positive terms 
 ‘ functioning, activity, and participation ’ . These new concepts were 
based on individuals ’  capacities rather than their incapacities. The 

shortcomings of the detailed classifi cation, including how to manage 
the psychological consequences of hearing loss (HL) in relation to 
the classifi cation, or how to distinguish between activity and par-
ticipation in the classifi cation, were also highlighted and discussed. 
Other studies have used ICF as a theoretical framework (i.e.  related  
research into the ICF framework) and discussed the implications of 
ICF on different perspectives of audiology (Hickson  &  Scarinci, 
2007; Kiessling et   al, 2003; M ö ller, 2003; M ö ller et   al, 2009; 
Saunders et   al, 2005), whereas others investigated the methods of 
classifi cation (i.e.  used  the different ICF categories in the research) 
in relation to, e.g. M é ni è re  s disorder (Levo et   al, 2010), tinnitus 
(Ramkumar  &  Rangasayee, 2010), and third-party disability (Scarinci 
et   al, 2009). 

 The classifi cation is based on a hierarchical structure and 
consists of two parts: (A)  Functioning  &  Disability  and (B) 
 Contextual factors . Each part, in turn, consists of two compo-
nents: (A1)  Body structures  (anatomical parts of the body)  &  
 Body functions  (physiological functions of body systems), (A2) 
 Activities  (execution of a task or an action by an individual)  &  
 Participation  (involvement in a life situation), (B1)  Environmental 
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ranging from genetics to social levels of analysis, and a variety of 
other types of outcome measures are presumably found when 
investigating the fi eld. In other core set projects, several other 
types of outcome measures have been identifi ed when targeting 
the researcher perspective, such as  standard provider-reported  or  
third-party-reported measures  (e.g. clinician assessments) , non-
standard measures  (e.g. single questions) (Escorpizo et   al, 2011), 
 clinical measures  (e.g. joint pain or joint swelling), and  technical 
measures  (e.g. X-ray) (Zochling et   al, 2006). 

 The present article focused on the fi rst step (part I) of the 
researcher perspective by providing a systematic review .  In a 
review about the psychosocial effects of hearing impairment, sev-
eral weaknesses were identifi ed related to the study and/or popula-
tion characteristics of the reviewed studies. The lack of 
longitudinal designs was mentioned, as were the small number of 
subjects in the included studies, the onset time of HL, the degree 
of HL, and the lack of sex differentiation (subjects were treated 
as a unisex group) (Danermark, 2005). Therefore, in addition to 
outcome measures, study and population characteristics were 
extracted from these studies given that comparisons, conclusions, 
and interpretations of research results demand well-described tar-
get groups. By using an integrative methodology, i.e. by relating 
the fi ndings into a theoretical framework, the researcher perspec-
tive also provides a unique opportunity for presenting an overview 
of the research fi eld on adults with HL from an ICF perspective 
(when combining parts I and II). Given the biopsychosocial 
approach, ICF is useful as a reference model and theoretical 
framework when describing and interpreting trends and para-
digms. The typical goal of systematic reviews is otherwise to 
collect evidence for a specifi c research and/or clinical question 
(Cox, 2005; Hickson, 2009). Several reviews of this variety have 
been conducted within the audiological area; however, to our 
knowledge, this is the fi rst review where audiological research is 
referenced in relation to the ICF framework. 

 The objectives of the present study were the following: 

  Identify outcome measures used in research conducted in adults 1. 
with HL as part of the developmental process of the ICF core 
sets for HL project.  
  Present an overview of research on adults with HL by describing 2. 
the identifi ed outcome measures as well as the study and popula-
tion characteristics of the included studies.    

 Methods  

 Inclusion criteria 
 The  study population  was referred to as  adults  ( �    18 years old) 
 with HL . HL can be a symptom included in various diagnoses and 
is typically expressed as mild ( �    25 dB) to profound ( �    95 dB) 
HL. Patients should also use  oral communication  as their primary 
modes of communication.  Study designs:  controlled experimental 
studies, i.e. controlled clinical trials (CCTs) and randomized 
 controlled trials (RCTs); observational studies, i.e. longitudinal 
and cross-sectional studies; chart reviews; economic evaluation 
analyses based on fi rst-hand data.  Sample size:  �     10 subjects. 
  Publication type and language:  English-language journal articles. 
 Publication year:  2002 – 2007.  Particulars:  The focus of the 
studies should be the target group. Conditions related to HL (such 
as tinnitus, vertigo, or hyperacusis) were allowed if accompanied 
by HL, as long as the primary focus of as study was issues related 
to HL.   

 Abbreviations     

  CCT    Controlled clinical trial   
  HHIE    Hearing handicap inventory for the elderly   
  HL    Hearing loss   
  ICIDH     International Classifi cation of Impairments, 

Disabilities and Handicaps   
  ICD-10     International Classifi cation of Diseases, 

Tenth revision   
  ICF     International Classifi cation of Functioning, 

Disability and Health   
  IOI-HA    International outcome inventory for hearing aids   
  PT-S    Patient-reported measures  –  standardized   
  RCT    Randomized controlled trial   
  QoL    Quality of life   
  WHO    World Health Organization   

factors  (the physical, social, and attitudinal environment), and 
(B2)  Personal factors  (the particular background of an indivi-
dual ’ s life and living) (WHO, 2001b, pp. 10). Each component 
(with the exception of personal factors) has associated chapters 
and categories (with assigned numeric category codes) at different 
levels. The classifi cation is comprehensive, with more than 1400 
categories. To facilitate the applicability of ICF in clinical settings 
or research, the WHO initiated the ICF core sets projects (ICF 
Research Branch, 2012; Stucki  &  Grimby, 2004). A core set is a 
set of ICF categories of particular relevance for a certain diagno-
sis or health condition. Core sets have been developed for various 
conditions (for an overview, see ICF Research Branch, 2013). In 
2008, an ICF core sets project targeting adults with HL was initi-
ated (Danermark et   al, 2010). The general outline of ICF core sets 
projects was applied, consisting of a preparatory phase (phase I), 
followed by a consensus conference (phase II) and a validation 
phase (phase III). Phase I and II of the project have been per-
formed, while phase III remain to be implemented. The objectives 
of the preparatory phase were to collect information about func-
tioning, disability, and contextual factors relevant to the target 
group and to connect this information to ICF categories, thereby 
creating a basis for further evaluations (phases II and III) of core 
ICF categories of particular relevance for the given target group. 
During the preparatory phase, data were collected by conducting 
four different scientifi c studies targeting the researcher, patient 
(two studies), and expert perspectives (Danermark et   al, 2010). 
The objective of the researcher perspective was to identify out-
come measures cited in published studies on adults with HL and 
to quantify the concepts contained in these measures using ICF as 
a reference. This task was comprehensive and required several 
steps. In the fi rst step (Part I), a systematic literature review was 
conducted to identify outcome measures used in audiological 
research. In the second step (Part II), the identifi ed outcome mea-
sures were closely investigated to connect them to the different 
category codes in ICF. The choice of outcome measures as repre-
sentative of the researcher perspective was based on their roles as 
indicators of the conducted research, refl ecting the objectives of 
a study. Traditionally, in clinical audiology, there are typically 
two types of outcome measures: performance-based measures 
(e.g. pure-tone audiometry) and self-report measures (e.g. the 
abbreviated profi le of hearing aid benefi t, APHAB) (Saunders 
et   al, 2005). However, the fi eld of audiology research is broad, 
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 Exclusion criteria 
  Study populations:  non-human populations, subjects    �    18 years old, 
mixed age groups, unclear (or undefi ned) target groups.  Study 
designs : Reviews or meta-analyses, psychometric evaluation studies, 
study protocols, case reports, economic evaluation analysis based on 
reviews or meta-analysis, qualitative studies, primary prevention 
studies, single-subject experimental designs (not crossover or Latin 
square designs).  Sample size, publication type, language, and  
 year:  other than stated.  Particulars:  Studies wherein the health con-
dition of the target population was other than HL but where HL 
existed comorbid to the condition (e.g. multiple sclerosis) were 
excluded if the focus was issues not related to HL.   

 Inclusion process  
 DATABASE SEARCH 
 A systematic electronic search was conducted in the following nine 
databases: MEDLINE  ®   (Ovid SP), Cumulative Index to Nursing 
and Allied Health Literature (CINAHL) (Ebsco), The Excerpta 
Medica Database (EMBASE) (Ovid SP), PsycInfo (Ovid SP), the 
Allied and Complementary Medicine Database (AMED) (Ovid 
SP), Education Resources Information Center (ERIC) (CSA 
Illumina), Sociological Abstracts (CSA Illumina), PsycArticles 
(CSA Illumina), and the Cochrane Central Register of Controlled 
Trials (CENTRAL) (Cochrane library). Although extensive audio-
logical research can be found in such databases as Medline/PubMed 
and Cinahl (Cox, 2005; Hawkins, 2005; Hickson, 2009), additional 
databases were selected to ensure a broad, interdisciplinary sam-
pling approach. To fi nd appropriate search terms, possible terms 
for different diagnoses for which HL could be a symptom were 
considered, as well as terminology used for the target group in the 
scientifi c literature (i.e. other systematic literature reviews within 
the area or scientifi c studies). The standardized search terms 
(e.g. the Mesh, Emtree, Cinahl headings) in the different databases 
were also used. The strategy was adapted to the conditions of the 
different databases (e.g. tree structures of subject headings, use of 
Boolean operators, the explode and focus options). Examples of 
search terms included the following: text words: hearing loss, hear-
ing impairment, hearing disability, hearing disorder, deaf. Examples 
of subject headings included the following: hearing loss, otosclero-
sis, retrocochlear diseases, hearing disorder, high-frequency hearing 
loss, noise-induced hearing loss, and hearing aids.   

 PROCEDURE 
 In this systematic review, it was impossible to narrow the search by 
adding more specifi c search terms as often is the case in other sys-
tematic reviews, given that this strategy would have excluded poten-
tially relevant articles. The use of broader search terms resulted in a 
large sample of possible studies to include and was managed by 
dividing the search into two different pools (Figure 1). The databases 
varied largely according to size, and the fi rst pool contained located 
articles from large databases, i.e. MEDLINE  ®  , CINAHL, EMBASE, 
and PsycInfo (8355), to avoid any disadvantages due to database 
size. The second pool contained articles located in smaller databases; 
i.e. AMED, ERIC, Sociological Abstracts, PsycArticles, and CEN-
TRAL (1038). All potentially relevant articles were handled through 
a reference system (EndNote   ®   Windows Version X5, Copyright  ©  
1988 – 2011 Thomson Reuters) to identify duplicates. After the dupli-
cate check, 5715 and 832 potentially relevant articles remained in 
pools I and II, respectively. From the fi rst pool, a simple random 
sample (1000) was selected. The sample was constructed so that the 

databases contributed proportionally to the total sample. This proce-
dure resulted in 431 articles from MEDLINE  ®  , 217 from CINAHL, 
181 from EMBASE, and 171 from PsycInfo. In the second pool, it 
was possible to manage all located articles. When potentially rele-
vant articles from the two pools were identifi ed, all of the abstracts 
from these articles were reviewed independently by two researchers. 
The abstracts were judged with the following designations:  “ yes ”  to 
inclusion,  “ no ”  to inclusion, or  “ ambiguous ”  status. An article was 
deemed ambiguous if the reviewers disagreed in their decisions or 
if it was impossible to judge whether the inclusion criteria were met 
by reviewing the abstract only. Articles with no available abstract but 
with a relevant title were also deemed ambiguous. In cases where 
the reviewers disagreed about the inclusion of a specifi c article, a 
discussion took place. If the disagreement still not could be resolved, 
a third reviewer read the particular abstract and decided whether it 
should be retrieved in full text form or not. All articles for which the 
abstracts were judged as  “ yes ” , as well as the remaining  “ ambigu-
ous ”  abstracts, were retrieved in full text (278). All full-text articles 
were reviewed by the fi rst author, and 33% of the total amount were 
divided among and separately reviewed by three of the other research-
ers. These steps were taken to enhance the reliability of the data 
extraction process. A consensus was reached between the researchers 
regarding the inclusion criteria for articles as well as the strategies 
for identifying outcome measures used in the articles. All full-text 
articles were checked for inclusion. Altogether, 87 articles in pool I 
and 35 in pool II (122 total) fulfi lled the inclusion criteria and were 
thus used in this review.   

 DATA EXTRACTION 
 Information about country, study design, sex, diagnosis (or type of 
HL), and other information about the target group were retrieved, as 
were the outcome measures used in each particular study. 

 The term  ‘ outcome measures ’  is occasionally used solely for mea-
sures of intervention studies; however, following the outline of pre-
vious ICF core sets projects, the term is used in a broader sense 
here (e.g. Post et   al, 2010; Scheuringer et   al, 2005; Zochling et   al, 
2006). An outcome measure was defi ned as any measure reported 
in the methods or results sections if it provided information neces-
sary to address the study aims of an included article. The measures 
were extracted independently of the study results. Only measures 
related to the target group were extracted, i.e. instruments targeting 
signifi cant others were not extracted. Measures used only to describe 
the study population that were unrelated to the study aims were not 
included. The outcome measures were sorted by  instrument type , 
and 10 different types were identifi ed: (1)  patient-reported 
measures  –  standardized (PT-S)  (including generic and condition-
specifi c self-report measures, such as the Short Form -36 [SF-36] 
and APHAB; survey questionnaires wherein the respondent 
answered standardized questions), (2)  health professional-reported 
measures  –  standardized (HP-S)  (the health professional evaluated 
the patient ’ s performance using standardized forms), (3)  standardized 
tests  (quasi-objective measures following a standardized procedure, 
i.e. the test instructions, performance, evaluation, scoring, and inter-
pretation of the achievement, were standardized. Subject participa-
tion in the procedure was required, e.g. pure-tone audiometry, 
speech audiometry, Stroop color word test), (4)  technical measures  
(objective measures following a standardized procedure, e.g. tym-
panometry, auditory brainstem response [ABR], vestibular evoked 
myogenic potential [Vemp]), (5)  laboratory measures  (e.g. 
measures of blood lipids, blood count, immune tests), (6)  imaging 
techniques  (e.g. magnetic resonance imaging [MRI] or computed 
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  Figure 1.     Process of inclusion in the review.  

tomography [CT]), (7)  health professional observations  (e.g. 
physical examination ) , (8)  patient-reported measures  –  non 
standardized  (e.g. patients ’  answers to single questions), (9) 
 healthcare delivery indicators  (e.g. treatment costs), and (10)  
register data  (e.g. data from national statistical databases).   

 EXCLUDED STUDIES 
 In this review, 156 articles were excluded (Figure 1). An analysis 
of the excluded articles indicated that the most common reason for 
exclusion in both pools was use of an inappropriate/ambiguous 
target group, such as in studies where the target group was restricted 
to culturally deaf persons with sign language as their primary form 
of communication or target groups for which the primary condition 
was not related to HL. In some studies, there was also a mixture 

of persons with HL using oral language as the primary mode of 
communication and culturally deaf persons using sign language, 
all of whom were referred to as deaf. Such discrepancies made it 
impossible to determine whether the target group was appropriate; 
thus, the studies were excluded. In pool I, another common reason 
for exclusion was mixed age groups, i.e. the population was mixed 
according to age and not stratifi ed by age in the analyses. This 
approach made it impossible to judge whether the results were valid 
for children or adults. In pool II, the wrong publication type was 
the second most common reason for exclusion. Some databases did 
not have  ‘ journal articles ’  as a fi ltering option for searches. Thus, 
articles labeled with the wrong publication type were included 
in the total number of located articles but were excluded after 
reviewing them.     

In
t J

 A
ud

io
l D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

W
es

te
rn

 A
us

tr
al

ia
 o

n 
02

/1
8/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



 Systematic review of outcome measures   69

 Results 

 Of the 122 included studies, 32 were extracted from MEDLINE  ®  , 
27 from CINAHL, 17 from CENTRAL, 15 from EMBASE, 14 
from AMED, 13 from PsycInfo, three from ERIC, and one from 
PsycArticles.  

 Study characteristics 
 As displayed in Table 1, the included studies were largely concen-
trated in North America and Europe. Several studies used very few 
participants. For instance, of the group sample size 10 – 25, 44% in 
pool I and 75 % in pool II were experimental studies, i.e. many 
studies with few participants were also controlled studies where the 
participants were divided into comparative groups (or where indi-
viduals acted as their own control). Most studies in the fi rst pool 
were judged to be observational studies. Of these, only 8% were 
longitudinal studies. In pool II, experimental studies were the most 
common, and 49% of these studies were judged to be RCTs. Exam-
ples of experimental studies were cross-over studies in which the 
individual acted as his or her own control when evaluating specifi c 
features of hearing aids or Latin square designs, such as a compari-
son of three or more stimulation rates in cochlear implant (CI) sys-
tems, using a cross-over design. All observational studies in the 
second pool were cross-sectional. Intervention types within experi-
mental studies were categorized, and the most common type in pool 
I was interventions related to hearing aids (52%). The corresponding 
category in pool II was interventions related to drugs (40%).   

 Population characteristics  
 SEX 
 Information about the sex of a population was retrieved from the 
included articles. Of the 87 articles in pool I, 31% did not describe 
their population according to sex, nor was sex used as a variable in 
the analyses. Sixty-three percent used both males and females in 

their populations, whereas 6% used male-only populations. In pool 
II (n    �    35), 46% of the studies did not specify the sex of the study 
population. Fifty-two percent used a mixed population, and 2% used 
males only. None of the studies (in pools I and II) used a female-only 
population.   

 HEARING LOSS 
 Types of HL or the diagnosis of the respondents described in the 
included articles were categorized according to ICD-10 (WHO, 
2009) based on information about the target group found in 
the articles (Table 2). This information was provided in 67% of the 
articles in pool I and in 69% in pool II. The most common type/
diagnosis described was sensorineural HL (H90.3) (defi ned in arti-
cles as e.g. sensorineural, cochlear, or high-frequency HL). The label 
 ‘ Various ’  indicates a mixed target group according to diagnosis. 

 Regarding descriptions of the target groups, very little information 
was revealed. The participants were mostly described by hearing-
related information, such as being a  ‘ hearing-aid user ’  (25% pool I; 
26% pool II), or a  ‘ CI user ’  (15% in pool I; 9% in pool II).    

 Outcome measures 
 Altogether, an extensive number of outcome measures were extracted 
from the articles under consideration. Two hundred and forty-six dif-
ferent outcome measures were identifi ed in pool I, and 122 were 
identifi ed in pool II (Table 3). Note the low prevalence of the identi-
fi ed outcome measures; most measurements occurred only once in 
this review. In fact, only 21.1% of the measures in pool I and 17.2% 
in pool II were extracted as outcome measures  twice or more . Selected 
types of outcome measures are presented in the results section. 
All extracted outcome measures are presented in a Supplementary 
Appendix 1, which is available in the online version of the journal. 
Please fi nd this material with the direct link to the article at: http://
informahealthcare.com/doi/abs/10.3109/14992027.2013.851799.  

 PATIENT-REPORTED MEASURES  –  STANDARDIZED (PT-S) 
 The results from pool I revealed 39 different PT-S that were used as 
outcome measures. Of these, only 11 PT-S appeared twice or more 
in this sample. Sixty-nine percent of the PT-S were condition specifi c 
(i.e. questionnaires designed for audiology). The questionnaire most 
frequently detected in this sample was the the Hearing Handicap 
Inventory for the Elderly (HHIE) (Ventry  &  Weinstein, 1982), 
which was identifi ed fi ve times (2.0%). In the second pool, 23 
different PT-S were found, yet only two appeared twice or more. 
Seventy percent were condition specifi c. In this group, the HHIE and 

  Table 1. Study characteristics of the 122 included studies.  

 Pool I
  (n    �    87)

  Frequency 

 Pool II
  (n    �    35)

  Frequency 

 Continent 
Asia 8 (9.2%) 3 (8.6%)
Australia 3 (3.4%) 1 (2.9%)
Europe 39 (44.8%) 14 (40.0%)
North America 36 (41.4%) 17 (48.6)
South America 1 (1.1%)  – 
 Sample size 
10 – 25 31 (35.6%) 8 (22.9%)
26 – 40 15 (17.2%) 6 (17.1%)
41 – 60 11 (12.6%) 3 (8.6%)
61 – 100 11 (12.6%) 7 (20.0%)
101 – 150 9 (10.3%)  – 
151 – 200 4 (4.6%) 3 (8.6%)
201 – 500 5 (5.7%) 3 (8.6%)
 �    501 1 (1.1%) 5 (14.3%)
 Study design 
Chart reviews 7 (8.0%) 2 (5.7%)
Economic evaluations 1 (1.1%) 1 (2.9%)
Experimental studies 25 (28.7%) 21 (60.0%)
Mixed quantitative design 2 (2.3%)  – 
Observational studies 52 (59.8%) 11 (31.4%)

  Table 2. Types of hearing loss classifi ed into ICD-10 categories.  

 Pool I
  (n    �    87)

  Frequency 

 Pool II
  (n    �    35)

  Frequency 

Sensorineural HL (H90.3) 32 (36.8%) 15 (42.9%)
M é ni è re disease (H81.0) 6 (6.9%)  – 
Sudden idiopathic HL (H91.2) 6 (6.9%) 4 (11.4%)
Otosclerosis (H80.9) 4 (4.6%)  – 
Other disorders of ear, not elsewhere classifi ed 

(H93) (central auditory processing disorder) 1 (1.1%)  – 
Presbyacusis (H91.1) 1 (1.1%)  – 
Noise-induced HL (H83.3) 1 (1.1%)  – 
Various 7 (8.0%) 5 (14.3%)
Not defi ned 29 (33.3%) 11 (31.4%)
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the Hearing Disability Handicap Scale (HDHS) (H é tu et   al, 1994) 
were identifi ed most frequently (1.6%, equal to twice each). 
Altogether, 51 different PT-S were found in this review containing 
122 included articles. Only 16 of them were used twice or more 
when combining pools I and II (Table 4).   

 STANDARDIZED MEASURES 
 The standardized measures were divided into subgroups according 
to the overall aims of each specifi c measure. Twenty-fi ve subgroups 
were constructed out of the 87 different standardized measures found 
in pool I. Seven of these subgroups contained outcome measures that 
have been identifi ed twice or more in this review (Table 5). The 
largest subgroup (i.e. the group with the most measures) was 
 speech/word measures with/without noise . This subgroup was fur-
ther divided into four subdomains according to the hierarchical 
organization of levels of auditory processing (Erber, 1982; 
Thibodeau, 2007), including the following:  speech   awareness  (the 
detection of speech sounds),  speech   discrimination  (the detection of 
changes in the acoustic stimuli),  speech   recognition  (the recognition 

of speech sounds, with no semantic processing required; patient 
repeats the stimuli), and  speech comprehension  (the patient is 
required to attach meaning to the stimulus). This further division 
was necessary due to indistinctive labeling of the different speech/
words measures in the included articles. When dividing and 
labeling the different speech/word measures, attention was paid to 
the descriptions of the measurement objectives and test procedures 
within the included studies. In total, 35 different speech/word mea-
sures with/without noise were identifi ed in pool I, all labeled as 
 speech recognition tests . Speech/word measures comprised 40.2% 
of all standardized outcome measures.  ‘ Hearing in noise test ’  (HINT) 
(Nilsson et   al, 1994) was the one most frequently identifi ed indices 
in this sample (2.0%), followed by the  ‘ Connected speech test ’  (CST) 
(Cox et   al, 1987) and  ‘ undefi ned test of speech recognition ’  (1.6% 
each). The second largest group was labeled as  cognitive measures . 
This group constituted 21.8% of all standardized measures and 
contained 19 different measurements, each with a prevalence of one. 
Examples of these identifi ed measurements included the  ‘ Stroop 
color word test ’  (Stroop, 1935), the  ‘ Concept shifting task ’  (CST) 
(Vink  &  Jolles, 1985), and the  ‘ Benton visual retention test ’  (Benton, 
1978). The measures with high prevalence were tests used to defi ne 
the hearing levels, i.e.  ‘ pure-tone audiometry ’  (11.4%),  ‘ B é k è sy 
audiometry ’ , and  ‘ free-fi eld audiometry ’  (once each). Within pool II, 
seven categories were established out of the 25 identifi ed standard-
ized measures.  Speech/word measures   with/without noise  comprised 
the largest group in this pool as well, containing 64.0% of all 
standardized measures in this pool. All of the measures in this 
subgroup, except one, were labeled as measures of  speech 
recognition  (16 different measures).  ‘ CST ’  and  ‘ City University of 
NY sentences in quiet ’  (CUNY) (Boothroyd et   al, 1985) were iden-
tifi ed most frequently (2.5%). One measure was labeled  speech 
discrimination , namely, the  ‘ Tone discrimination test ’  (TDT), which 
demands that subjects discriminate between tonal patterns of 
pairs of syllables. The test is part of the Hong Kong Speech Percep-
tion Test Manual (HKSPTM) (described in Au, 2003). As in pool I, 
 cognitive measures  were the second largest group. This subgroup 

  Table 3. Outcome measures divided into instrument types from the 
included studies.  

 Pool I 
(n    �    246) 

   Frequency 

 Pool II 
(n    �    122) 

   Frequency 

PT-S 39 (15.8%) 22 (18.0%)
Standardized 87 (35.4%) 25 (20.5%)
HP-S 4 (1.6%)  – 
Technical 22 (8.9%) 3 (2.5%)
Laboratory 24 (9.8%) 33 (27.1%)
Imaging 3 (1.2%) 1 ( �    1.0%)
HPO 7 (2.9%) 4 (3.3%)
PT-not S 56 (22.8%) 26 (21.3%)
Health care delivery indicators 4 (1.6%) 1 ( �    1.0%)
Register data  – 7 (5.7%)

  Table 4. Overview of the most frequently identifi ed PT-S in this review. The references are available as a Supplementary Appendix 2 
in the online version of the journal. Please fi nd this material using the direct link to the article at: http://informahealthcare.com/
doi/abs/10.3109/14992027.2013.851799.  

 Instrument 
type ∗  

 Pool I 
   (n    �    246) 

   Frequency 

 Pool II 
   (n    �    122) 

   Frequency 

The Hearing Handicap Inventory for the Elderly (HHIE). (Ventry  &  Weinstein, 1982) CS 5 (2.0%) 2 (1.6%)
The Abbreviated Profi le of Hearing Aid Benefi t (APHAB). (Cox  &  Alexander, 1995) CS 3 (1.2%) 1 ( �    1.0%)
Hearing Disability and Handicap Scale (HDHS).   (H é tu et   al, 1994) CS 2 ( �    1.0%) 2 (1.6%)
Hearing Handicap Inventory for the adults (HHIA). (Newman et   al, 1990) CS 2 ( �    1.0%) 1 ( �    1.0%)
Satisfaction with amplifi cation in daily life (SADL). (Cox  &  Alexander, 1999) CS 2 ( �    1.0%) 1 ( �    1.0%)
Short Form  –  36 (SF-36). (Ware et   al, 1993) G 2 ( �    1.0%) 1 ( �    1.0%)
The Communication Profi le for the Hearing Impaired (CPHI). (Demorest  &  Erdman, 1987) CS 2 ( �    1.0%)  – 
Communication Scale for Older Adults (CSOA). (Kaplan et   al, 1997) CS 1 ( �    1.0%) 1 ( �    1.0%)
Glasgow Benefi t Inventory (GBI). (Robinson et   al, 1996) G 1 ( �    1.0%) 1 ( �    1.0%)
The Hearing Aid Performance Inventory (HAPI). (Walden et   al, 1984) CS 1 ( �    1.0%) 1 ( �    1.0%)
The Hearing Handicap and Disability Inventory (HHDI). (van den Brink et   al, 1996) CS 1 ( �    1.0%) 1 ( �    1.0%)
Health Utilities Index Mark III (HUI3). (Feeny et   al, 1995) G 2 ( �    1.0%)  – 
The International Outcome Inventory for Hearing Aids (IOI-HA). (Cox et   al, 2000) CS 2 ( �    1.0%)  – 
Performance Inventory for Profound and Severe Loss (PIPSL). (Owens  &  Raggio, 1988) CS 2 ( �    1.0%)  – 
Short Form -12 (SF-12). (Ware et   al, 1996) G 1 ( �    1.0%) 1 ( �    1.0%)
The Speech, Spatial and Qualities of Hearing Scale (SSQ). (Gatehouse  &  Noble, 2004) CS 2 ( �    1.0%)  – 

     ∗ CS  :  condition-specifi c instrument; G  :  generic instrument.   
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contained four different measurements, each with a prevalence 
of one ( �    1%). In this group, the  ‘ Stroop color word test ’  was iden-
tifi ed, as were e.g. the  ‘ Listening span test ’  (Pichora-Fuller et   al, 
1995). Pure-tone audiometry exhibited a high prevalence in this 
pool as well (11.5%).   

 TECHNICAL MEASURES 
 In pool I, 22 different technical measurements were extracted 
from the included studies. Several of these were related to vestibular 
function, such as measures of caloric testing, different types of nys-
tagmus testing, eye tracking, and the velocity step test. The most 
prevalent measurement was oto-acoustic emissions (OAE) testing 
(2.4%), followed by ABR testing and tympanometry (1.6% each), 
Vemp testing, as well as the caloric testing and electrocochleography 
(ECoG) testing, (1.2% each). In pool II, three different measure-
ments were identifi ed, including OAE testing (2.5%), tympanometry 
(2.5%), and stapedial refl ex measurement ( �    1%).   

 LABORATORY MEASURES 
 Twenty-four laboratory measures were extracted in pool I and cat-
egorized according to the aim of the measurements. Eight different 
types were identifi ed.  Immune tests  were used most frequently 
(4.1%), followed by measurements for  glucose  (2.0%),  blood lipids  
(1.6%), and  mutations  (1.2%). In pool II, 33 different types of labo-
ratory measurements were identifi ed and divided into nine sub-
groups. Measurements of  blood count  were the most frequently used 
(12.3%), followed by those for  blood lipids  (6.6%),  immune tests  
(2.5%), and  electrolyte concentration  (2.5%).   

 OTHER INSTRUMENT TYPES 
 The other instrument types (not stated above) contained 74 (pool I) 
and 39 (pool II) outcome measures. The instrument type  PT-not S  

contained single questions, and every unique question was counted 
as a separate outcome measure. The outcome measure in pool I 
with the highest prevalence was  ‘ MRI ’  ( imaging technique ) (3.3%), 
followed by  ‘ preferred HA setting ’  ( PT-not S ) (2.0%) and then 
 ‘ age ’ ,  ‘ family history of HL ’ ,  ‘ education ’ ,  ‘ diffi culties associated 
with HL ’ , and  ‘ onset time of HL ’ , all belonging to  PT-not S  and 
identifi ed three times (1.2%) each. The outcome measure  ‘ otoscopic 
examination ’  ( HPO ),  ‘ civil status ’  ( PT-not S ),  ‘ subjective experience 
of HL ’  ( PT-not S ),  ‘ employment ’  ( PT-not S ),  ‘ smoking status ’  
( PT-not S ),  ‘ presence of tinnitus ’  ( PT-not S ),  ‘ associated symptoms ’  
( PT-not S ),  ‘ gender ’  ( PT-not S ), and  ‘ alcohol consumption ’  ( PT-not S ) 
were identifi ed as outcome measures twice ( �    1%) each. In pool II, 
the most prevalent outcome measure was  ‘ presence of tinnitus ’  
( PT-not S ) (2.5%), followed by  ‘ duration of HL ’  ( PT-not S ),  ‘ educa-
tion ’  ( PT-not S ),  ‘ use of hearing aids ’  ( PT-not S ),  ‘ hearing-aid expe-
rience ’  ( PT-not S ),  ‘ presence of vertigo ’  ( PT-not S ), and  ‘ subjective 
severity of HL ’  ( PT-not S ), all identifi ed twice (1.6%) each. All 
other outcome measures in each pool occurred only once.     

 Discussion  

 Outcome measures 
 This review focuses on outcome measures used in audiological 
research. It is clear that the fi eld is broad and comprehensive, and the 
identifi cation of 10 different instrument types is a clear indication of 
this complexity. The dataset consisting of identifi ed outcome mea-
sures is extremely large, yet no prevalence limits of specifi c measure-
ments (e.g. to only report measurements identifi ed in  �    5% of the 
included studies) have been established in this review. The reason for 
this lack of limits is the extremely low occurrence of the identifi ed 
measures. Because only 21.1% (pool I) and 17.2% (pool II) outcome 
measures were identifi ed twice or more, the setting of a limit as small 
as an  ‘ occurrence of two ’  would have excluded approximately 80% 
of the material in each group and skewed the results. Whereas the 
identifi cation of 10 instrument types in this review indicates a com-
prehensive and widely varying research fi eld, the high number and 
low prevalence of the outcome measures within the groups of instru-
ment types indicates a sprawling research fi eld with poor agreement 
on which measures to use, thereby resulting in reduced possibilities 
for proper comparisons between studies and populations.  

 PATIENT-REPORTED MEASURES  –  STANDARDIZED (PT-S) 
 Notably, the number of questionnaires (PT-S) identifi ed in the 
reviewed studies. In both pools, several questionnaires were used, 
whereas the reported prevalence was extremely low. This observation 
also applies for established, generic measures, such as the SF-36 
(Ware et   al, 1993) and HUI3 (Feeny et   al, 1995). An overview of 
available condition-specifi c questionnaires was conducted in 2000 
(Bentler  &  Kramer, 2000). At that time, 33 condition-specifi c instru-
ments existed in audiology. Importantly, 42% of those questionnaires 
were found in this review, which considered 122 articles. As com-
pared to similar reviews of outcome measures used in such areas as 
acute infl ammatory arthritis (Zochling et   al, 2006), depressive dis-
orders (Brockow et   al, 2004), musculoskeletal disorders, and chronic 
widespread pain (Brockow et   al, 2004), where there is a high preva-
lence of relying on a few questionnaires, the area of audiology has 
no consensus regarding the most appropriate questionnaires. 
The reasons for this lack of consensus are varied, but possible expla-
nations include issues related to the types of measurements (e.g. 
condition-specifi c versus generic) and the construction of condition-
specifi c instruments.   

  Table 5. Overview of standardized outcome measures identifi ed 
twice or more in this review.  

 Pool I 
(n    �    246) 

Frequency 

 Pool II 
(n    �    122) 

Frequency 

 Speech measures with/without noise 
Hearing in noise test (HINT) 5 (2.0%) 2 (1.6%)
Speech recognition test 4 (1.6%) 2 (1.6%)
Connected speech test (CST) 4 (1.6%) 3 (2.5%)
Nonsense syllable test (NST) 3 (1.2%)  – 
Speech perception in noise (SPIN) 3 (1.2%)  – 
Speech perception 2 ( �    1.0%)  – 
Speech discrimination 2 ( �    1.0%)  – 
CNC words in quiet 2 ( �    1.0%) 2 (1.6%)
City University of NY (CUNY) sentences

in quiet  – 3 (2.5%)
 Defi ne hearing level 
Pure-tone audiometry 28 (11.4%) 14 (11.5%)
 Intelligence test 
Groningen intelligence test 2 ( �    1.0%)  – 
 Identifi cation of dead regions in the cochlea 
Threshold equalizing noise (TEN) test 2 ( �    1.0%)  – 
 Sound localization 
Sound localization performance 2 ( �    1.0%)  – 
 Acceptable noise level judgment 
Acceptable noise level (ANL) test 2 ( �    1.0%)  – 
 Loudness measure 
Paired comparison judgment 2 ( �    1.0%)  – 
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 GENERIC INSTRUMENTS 
 The majority of the generic instruments found in this review were 
related to the notion of  health-related quality of life (HRQoL) , and 
several authors have investigated this measure in relation to audiol-
ogy. Morgan et   al (2002) investigated the impact of hearing impair-
ment on the QoL of older Australian people using the SF-36 and 
the HHIE. Among other conclusions, the authors found a lack of 
sensitivity of the SF-36 in hearing-impaired populations. Similar 
conclusions have been drawn in other studies targeting other 
generic QoL measurements in relation to hearing-aid fi tting (Bess, 
2000; Vuorialho et   al, 2006). Humans are typically communicating 
beings, and participation restriction in relation to communication 
is likely one of the most important restrictions for any human 
being. For persons with HL, this restriction is a highly recognized 
negative consequence of the health condition. Choosing a HRQoL 
measurement that is suffi ciently sensitive to this restriction is dif-
fi cult because several of the established HRQoL instruments fail 
to highlight restrictions in communication as a health component 
(Cruice et   al, 2000). In a tutorial of HRQoL measurements and 
hearing aids by Abrams et   al (2005), the limitation of generic 
instruments according to communication was highlighted. The 
authors suggested the usage of WHODAS-II (WHO, 1999) as a 
generic HRQoL measure for use within the audiological research 
fi eld. Based on ICF, the WHODAS-II acknowledges communica-
tion as one of six life domains assessed in this 36-item question-
naire. The WHODAS-II does not appear in this review but could 
be an instrument worth considering when measuring HRQoL 
within audiology. The WHODAS-II has been psychometrically 
evaluated in relation to adults with acquired HL and is recom-
mended for use as a valid, generic HRQoL instrument (Chisolm 
et   al, 2005). Furthermore, the responsiveness of the instrument has 
been further examined in relation to hearing aid interventions for 
adults, thereby proving its utility as a useful generic measure in 
these types of interventions (McArdle et   al, 2005).   

 CONDITION-SPECIFIC INSTRUMENTS 
 An examination of the items used in the condition-specifi c ques-
tionnaires demonstrates that the item construction of the different 
questionnaires is quite similar. There appears to be a clear tradition 
to construct  statements  upon which the respondent should refl ect. 
Sixty-four percent of the included questionnaires contain state-
ments involving an activity (such as conversing with one person) 
and a specifi c context (e.g. a noisy grocery store). When assessing 
e.g. participation restrictions, there appears to be a clear idea of 
what is relevant to measure (e.g. listening in noisy situations) 
because many of the items across questionnaires share the same 
latent variable. However, a limitation to consider with reference to 
this type of statement is that these statements often consider spe-
cifi c target groups in specifi c cultural contexts, resulting in people 
who are not part of a given group and context; as a result, they may 
have diffi culties identifying with the current assertion. Such con-
sideration makes it diffi cult to conduct cross-cultural (and cross-
country) comparisons, thereby resulting in items with low 
international equivalence (Arlinger, 2000). Even within a particular 
culture, there may be individual differences regarding the type of 
activities to consider relevant as well as the appropriate contexts. 
This issue has also been highlighted by other authors. Gagn é  (2003) 
discussed condition-specifi c questionnaires as outcome variables 
in audiological interventions and acknowledged the problem with 
individual variations concerning relevant activities and contexts. 
The author suggested the usage of self-reports, such as COSI and 

GHAB, which are questionnaires sensitive to individual variations, 
to overcome this issue. In a case study by Connington (2005), the 
author questioned the usage of hearing handicap scales as outcome 
measures when assessing the potential benefi t of amplifi cation. 
Although this study was a case report and may have low scientifi c 
value, its message is important. The construction of several self-
assessment scales in audiology is problematic both on group and 
individual levels. Using questions that are not applicable to some 
individuals may result in missing or ambiguous answers that are 
ultimately impossible to interpret (Fayers  &  Machin, 2007). Another 
limitation of the identifi ed condition-specifi c PT-S in this review is 
the number of items they contain. Fifty percent of the condition-
specifi c questionnaires (non-survey questionnaires) contain 20 
items or more. Thus, item reduction should be part of a validation 
process when constructing a questionnaire, and striving towards 
brief questionnaires is highly desirable (Fayers  &  Machin, 2007). 
The evaluation of the construction of condition-specifi c question-
naires is beyond the scope of this review, but an overview has been 
conducted wherein this topic has been evaluated, to some extent 
(Noble,1998). However, an updated meta-analysis concerning 
 both  validity and reliability issues is a desirable target for future 
investigations. 

 Condition-specifi c questionnaires that use statements that are not 
dependent upon cultural contexts and contain only a few items have 
been developed within the audiological fi eld. An example is the 
international outcome inventory for hearing aids (IOI-HA) (Cox  &  
Alexander, 2002). This questionnaire has been translated into vari-
ous languages and was psychometrically evaluated for different 
cultures (e.g. Br ä nnstr ö m  &  Wennerstr ö m, 2010; Gasparin et   al, 
2010; Kramer et   al, 2002; Liu et   al, 2011). Despite these advantages, 
the IOI-HA was only identifi ed twice ( �    1.0%) as an outcome 
measure in this review. A control search in the MEDLINE  ®   
and CINAHL databases (text word:  “ IOI-HA ”  OR  “ International 
Outcome Inventory for Hearing Aids ” , including limitations to 
English language, use of only adults as target group, and a rejection 
of psychometric evaluations) reveals that the instrument appears in 
scientifi c studies 22 times up to the present (week 2, 2013). Thus, 
the true prevalence in audiological research is also quite low. 
One possible explanation for this low prevalence is that this instru-
ment was designed to evaluate the effectiveness of hearing aid treat-
ments, and these types of studies may be underrepresented within 
the audiology research fi eld. However, the construction of the 
questionnaire (i.e. few items, nondependent cultural activities and 
contexts) should be used as a model when developing new condi-
tion-specifi c questionnaires that target other latent variables.   

 STANDARDIZED MEASURES 
 Measures related to speech recognition were the outcome measure 
most frequently identifi ed in this review. These types of measures 
are clearly highly valued and important within the audiological 
research fi eld. However, the amount of  different  speech recognition 
measures extracted is noteworthy (35 in pool I, 16 in pool II). Sev-
eral of the identifi ed speech measurements were labeled  ‘ unspeci-
fi ed ’  due to the lack of references to the literature in their descriptions. 
In this review, we assume that these measurements are standardized 
based on clinical experience of the testing procedure, but we  cannot  
be certain because no validity/reliability data are presented for the 
measurement and no reference to any development procedure is 
made. This lack of information is a disadvantage with these mea-
sures and of course a major obstacle to comparisons between stud-
ies. In research, it is highly desirable to use standardized, 
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established outcome measures for which the development procedure 
is traceable. 

 In this review, the label  ‘ speech recognition ’  is broad, with no 
consideration of the contextual condition (noise/no noise, fi xed/
varied noise levels), presentation mode (fi xed/varied speech levels), 
or scoring options (percent correctly identifi ed speech stimuli/SNR 
at a speech recognition score of 50% correct). Although the major-
ity of the extracted speech measures represent different levels of 
speech recognition (i.e. nonsense syllables, word and sentence rec-
ognition) and different levels of auditory processing is required, a 
lower stage of processing is still involved (Schneider et   al, 2010). 
A more modern way of viewing this requirement would be to state 
that these are all measures of bottom-up information processing. In 
ICF, these measures are all related to the body function and activity 
component of ICF (Saunders et   al, 2005). Speech recognition does 
not reach the level of participation and/or participation restriction, 
as expressed in ICF wording. To cover that domain, a higher level 
of auditory processing and an interaction with the environment 
(simulated or real) are required. However, it is important to stress 
that investigating whether the speech recognition measures identi-
fi ed in this review have been used in combination with other mea-
sures (e.g. measures of top-down information processing) is beyond 
the scope of this study. In recent years, a growing interest in speech 
comprehension has emerged where both auditory and cognitive pro-
cessing are regarded as crucial (e.g. Besser et   al, 2012; Kramer et   al, 
2009; Pichora-Fuller  &  Singh, 2006). This trend is important, not 
only from the patient perspective, given that the measures of speech 
comprehension (especially in combination with carefully consid-
ered noise stimuli) could likely simulate (and perhaps predict) com-
prehension problems in the real world rather accurately. 

 We found it necessary to divide the identifi ed word/speech mea-
sures into different categories due to indistinctive labeling (e.g. of 
the aim of the measurement) within the included articles. There 
appears to be no consensus in the audiological research fi eld 
regarding how to designate speech/word measures. Such expres-
sions as speech discrimination, speech identifi cation, speech intel-
ligibility, speech perception, speech recognition, speech reception, 
and speech understanding were used indiscriminately, which is 
problematic. One must carefully review the objectives and proce-
dure of a specifi c measurement to be able to evaluate it comprehen-
sively. This is an important consideration when reviewing research 
and evidence. Different suggestions have been put forth regarding 
this topic. For example, in a review about the factors that affect the 
speech-understanding abilities of older adults, the term  speech 
understanding  was used when referring to open-set recognition or 
closed-set identifi cation of nonsense syllables, words, or sentences. 
Speech understanding was distinguished from the higher-level audi-
tory process term  ‘ speech comprehension ’ , even though the authors 
clearly stated that the defi nitions of the two concepts were similar 
(Humes  &  Dubno, 2010). Although this reasoning is welcomed, the 
term  understanding  might bring the psychological process term 
 ‘ understanding ’  (i.e. comprehending) to mind and might therefore 
be confusing as a standard nomenclature for this type of measure 
in the audiological fi eld. In 2003, an initiative was made to divide 
levels of auditory processing (i.e. hearing, listening, comprehend-
ing, and communicating) according to ICF (Kiessling et   al, 2003). 
Speech recognition would, in ICF terms, be labeled as a combina-
tion of b230 ( hearing functions ), b1560 ( auditory perception ), and 
d115 ( listening ) based on its non-semantic processing requirements, 
whereas speech comprehension would be d310 ( communication 
with-receiving-spoken messages ) (Granberg et   al, In press). However, 

similar to the Erber distinction used in this review, the term  ‘ speech 
recognition ’  is far too broad to offer a suffi cient labeling of what is 
actually required. The audiological fi eld would benefi t from a clear 
consensus regarding this topic where all of the different processing 
levels and testing procedures are considered (e.g. open-versus 
closed-set). Such a consensus would also certainly facilitate the 
choice of outcome measures in research projects, as well as the 
interpretation of research fi ndings. Furthermore, a proper nomen-
clature would facilitate the identifi cation of areas where there are a 
lack of measurements or where modern outcome measures must be 
developed.   

 STUDY CHARACTERISTICS 
 Most scientifi c studies on humans require information on the target 
population; however, this information may vary according to the 
study aim. For instance, in register studies, the information might 
be very poor due to the characteristics of the data and the fi ne line 
between what to consider as population characteristics and what to 
consider as outcome measures. In other studies, such as hearing-aid 
trials, there might be a signifi cant point in reporting, e.g. the sex of 
the participants or the hearing-aid experience, given that they may 
be considerable confounds in the results. In the review about psy-
chosocial effects of hearing impairment, Danermark (2005) discov-
ered that persons with HL were mainly treated as a unisex group. 
The present study supports that fi nding but also extends the fi ndings 
to make an additional modifi cation to the reasoning by concluding 
that in addition to presenting limitations in analysing according to 
sex, many studies also fail to describe the target group according to 
sex. In this review, the sexes of the participants are not revealed in 
31% (pool I) and 46% (pool II) of the included articles. The question 
arises whether there are audiological differences between males and 
females. A short review of the subject indicates that sex differences 
occur even in such a basic domain as body structure. Sato et   al, 
(1991) used a 3D imaginary technique to analyse the length of male 
and female cochleae and concluded that the male cochlea was, on 
average, approximately 14% longer than that of the female. How-
ever, these fi gures have been questioned, and comparative studies 
have been prompted to confi rm the results (Miller, 2007). In 
terms of the body function domain, several studies have observed 
differences between the two sexes. In a study of  ƒ  1 - and  ƒ  2 -sweep 
DPOAE phase-delay measurements in normal-hearing adults, the 
authors concluded that at low frequencies, these measures were lon-
ger in male subjects and that this difference was likely connected 
to sex-related anatomical differences in cochlear length (Bowman 
et   al, 2000). When investigating the hearing function assessed 
with ABR, several studies concluded that the two sexes exhibited 
differences in terms of ABR wave amplitude and latency values 
(e.g. Don et   al, 1993; Jerger  &  Johnson, 1988). Furthermore, dif-
ferences between the two sexes were also observed in the activity 
and participation domain. Garstecki  &  Erler (1999) explored sex 
differences in self-perceived hearing handicap among older adults. 
For instance, they concluded that older women reported more com-
munication-related problems and negative reactions to their HL 
compared to the men in the study. External infl uences on function-
ing and disability (i.e. environmental factors) have also been 
explored in relation to sex. In a large survey targeting hearing-aid 
owners, it was concluded that women were more likely to use their 
HAs daily, all day long, and more regularly than men (Staehelin 
et   al, 2011, pp. 33). There are clearly differences between the two 
sexes that must be considered when conducting studies. However, 
a thorough systematic review targeting the issues related to all 
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Because the HHIE was the questionnaire identifi ed most fre-
quently, a prevalence check was made of that specifi c question-
naire. The result indicated that HHIE has only been used 12 times 
in MEDLINE  ®   (English language as a limitation) and one time 
in CINAHL from 2008 up to the present (week 2, 2013). However, 
if one extends the search to further include the HHIE-S (i.e. the 
screening version), the prevalence increases to 24. In conclusion, 
the frequency is still low, but there is an increase in use of the 
HHIE-S from 2008 and up to present. HHIE-S was not identifi ed 
in the 2002 – 2007 sample. 

 When searching the EMBASE database, which was the fi rst 
database used in this review, a search fi lter related to  study type  
(e.g. RCT, CCT, cross-sectional) was added to the search strategy. 
This restriction limited the number of search results considerably. 
Unfortunately, when searching in the other databases, we realized 
that this limitation excluded records that were potentially relevant. 
Therefore, this fi lter was excluded when searching the other eight 
databases. Many studies, particularly non-experimental studies, were 
not indexed in the different databases according to study type. How-
ever, EMBASE is a medical database, and many duplicates were 
found between EMBASE and, e.g. MEDLINE  ®  , CENTRAL, and 
CINAHL. It is not likely that many studies were excluded in 
EMBASE due to this limitation. Also, the medical dimension of the 
audiological research fi eld is well represented among the studies 
included in this review, and thus, it is not likely that this limitation 
in the search strategy affected the result considerably. 

 In total, 1554 abstracts were rejected for inclusion in this review. 
This high number of rejections is tied to the unspecifi c search strat-
egy, where no specifi c search terms were added to taper the search. 
Some valuable lessons might be learned regarding this matter. 
First, including the search term  deaf  will undoubtedly extend the 
number of hits in the search. There is a tradition, perhaps in the more 
social fi eld of audiology, to refer to persons with HL with the distinc-
tion of  deaf  versus  Deaf , where the capital D deafness refers to 
the cultural aspects of deafness and  deaf  refers to an audiometric 
loss. Unfortunately, this distinction is not acknowledged in the dif-
ferent databases, resulting in cultural deafness also being included 
in the search when using the search term  deaf . However, excluding 
this search term presents the possibility that articles using this 
terminology (deaf) would be excluded. 

 Although the various search limitations offered in the different 
databases were used, such as excluding case reports, children studies, 
and psychometric studies, these types of studies were still included 
in the fi nal result. One must consider that the search limiting func-
tions in databases are only useful when an article is indexed with a 
specifi c search term matching that limitation term. If not, the article 
will still be considered in the result.    

 Conclusions 

 Several conclusions can be drawn from this investigation: 

   Based on the perspective of the ICF core sets for HL, a rich  •
source of material representing the researcher perspective has 
been obtained that will be linked to the ICF framework by using 
established linking rules in a subsequent study. 
 A substantial number of outcome measures are available and  •
used within the audiological research fi eld. Although the wide 
variety of instrument types refl ects a broad research fi eld, the 
amount of  different  outcome measures, as well as the low 
prevalence of the identifi ed measures within each instrument 
type, refl ects a lack of consensus regarding outcome measures 

ICF components is highly desirable and would benefi t the entire 
research fi eld. 

 Danermark (2005) also found that many studies used small 
sample sizes, and this observation was confi rmed by the present 
study. In fact, most studies used samples sizes of 10 – 25 participants. 
Several of these studies were labeled  ‘ experimental studies ’ . 
Although no further analysis of the included studies was made in 
this matter, some remarks must be made. Small sample sizes may 
be used in controlled experimental studies, provided that one has 
control over all possible variables that might infl uence the results. 
Thus, when using small sample sizes in controlled experimental 
studies, high demands must be placed on design issues. In studies 
where the heterogeneity of the population makes comparisons dif-
fi cult, a fruitful solution would be to let subjects serve as their own 
controls to increase the reliability of a study. Another solution to 
this matter would be to use larger sample sizes.    

 Methodological discussion 
 The search strategy in this review was quite different from that of a 
traditional systematic review, where a common way of tapering the 
search is by adding more specifi c search terms. Unfortunately, this 
task was impossible because the entire audiological research fi eld 
was the target of inquiry. No limitations were possible except for the 
inclusion criteria. Creating a simple random sample of articles of 
large databases was a useful solution to limit the search. Statistics 
would typically be used to assess the reliability of a sample (e.g. 
confi dence interval). Because this review was conducted in several 
steps (i.e. search in databases, duplicate check, random sample, 
abstract reviewing, full text reviewing, fi nal decision of inclusion), 
there was no accurate way to statistically evaluate the sample in 
relation to all of the articles identifi ed by the search. However, the 
face validity of the sample was high. For instance, 1000 abstracts 
have been reviewed in pool I, which is a signifi cant number. 
Measures of speech/word recognition are very common in this 
review, and these types of measurement have a long tradition in 
audiology as valuable outcome measures and are often referred 
to when discussing the outcomes measures used in audiology 
(Gatehouse, 1998; Saunders et   al, 2005). HHIE is the PT-S identifi ed 
most frequently in this review. In a Swedish study that examined 
which condition-specifi c instruments were used most frequently 
within audiological research (2000 – 2010), the authors concluded 
that the APHAB was used most frequently, whereas the HHIE was 
the second most used (Berget  &  Karlsson, 2010). In this review, the 
order was opposite; however, the top two in that study were also the 
top two in this review. This literature search was conducted as the 
fi rst step in the entire ICF core sets for HL development process that 
was initiated in 2008 (Danermark et   al, 2010). Thus, the year limit 
in the search was set as 2002 – 2007. As a reliability check of the 
results, a prevalence search of the PT-S was conducted from year 
2008 up to the present (week 2, 2013) in the MEDLINE  ®   and 
CINAHL databases. These are discriminating databases, i.e. in 
CINAHL, is it possible to exclude MEDLINE  ®   records, resulting in 
no duplicate results. The search was conducted using text words and 
subject headings of  ‘ self-assessment ∗  OR  ‘ questionnaire ∗  ’  OR 
 ‘ scale ∗  ’  in combination with relevant search terms for audiology 
(used in this review). In total, 11.5% of the hits contained articles 
that used some type of PT-S. Compared to the result in this review 
(16.2% of pool I), this observation is an indication that PT-S are 
still rarely used as outcome measures within the audiological 
research fi eld, thereby reinforcing the reliability of this review. 
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in audiology, which in turn compromises both national and 
international individual and group comparisons. 
  When describing target groups in audiology, these descriptions  •
were primarily based on auditory premises, such as diagnosis (or 
type of HL), and hearing-related descriptions, such as  ‘ hearing-
aid users ’ . Participants were often treated as a unisex group, and 
several studies did not reveal the sex of the participants, even 
though sex differences are established on very foundational 
bases in the auditory system. The sample sizes used in the 
reviewed studies were often small. When using small sample 
sizes, the design of the study is critically important to control 
for all possible variations that can occur in human beings .                   
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      In 2001, the World Health Organization (WHO) classifi cation 
 ‘ International Classifi cation of Functioning, Disability and Health 
(ICF) ’  was adopted as the international standard when assessing 
functioning and health within the member states (WHO, 2001a). 
However, due to the comprehensiveness of the classifi cation, the 
WHO initiated the  ‘ core sets project ’  to facilitate the use of ICF. The 
objective of a core sets project is to identify ICF categories of par-
ticularly relevance to a specifi c health condition, diagnosis or situa-
tion (ICF Research Branch, 2012). The ICF core sets for hearing loss 
project was initiated in 2008, aiming at identifying ICF categories 
of particular relevance for adults with hearing loss for use in clinical 
encounters or in research. This aim was being achieved through 
preparatory studies, by collecting empirical evidence for the func-
tioning and health of adults with hearing loss, by valuing and mod-
ifying this evidence through a Delphi exercise, by creating a fi rst 
version of ICF core sets for hearing loss and, fi nally, through fi eld 
trials to validate the ICF core sets for hearing loss (Danermark et   al, 
2010). The present article focuses of one of the preparatory studies 
in the project termed the  ‘ researcher perspective ’ . In this perspective, 
the objectives were to identify relevant aspects of functioning, 

disability, and contextual factors of adult HL from the researchers ’  
point of view by conducting a systematic review. This preparatory 
study is discussed in two articles (Part I and Part II). In the previous 
article about this perspective (Part I; see this issue), outcome mea-
sures used in audiological research between 2002 – 2007 were identi-
fi ed. In the current study (Part II), all of the outcome measures were 
connected to the ICF classifi cation. The key concepts here are to  link  
or interpret data (e.g. outcome measures), to translate the data to the 
ICF nomenclature, and to thereby describe the fi ndings from the ICF 
perspective. The ICF is a particularly useful classifi cation tool for 
this matter given its organized and hierarchical structure (Figure 1). 
The ICF is based on the bio-psycho-social model, where bodily 
dimensions of functioning, aspects of activities, and participation, 
and the infl uence of contextual factors are recognized as important 
features of human functioning and health (WHO, 2001b). Linking 
data to the classifi cation creates a reference tool for other types of 
data (e.g. self-assessment questionnaires or transcribed interviews) 
and allows for comparisons among other types of health data. 

 Linking requires rules to assure quality and reliability in the link-
ing process. The concept of  ICF linking rules  was introduced in 
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 The fi rst article on the  ‘ researcher perspective ’  analysis (Part I) 
outlined the possibility of describing the audiological research fi eld 
using ICF as a reference tool. This can only be achieved when all 
outcome measures have been linked to the ICF. The objectives of the 
present article (Part II) were as follows: 

  To link the identifi ed outcome measures to the ICF classifi ca-1. 
tions using established linking rules, and  
  To describe audiological research from the ICF perspective.  2. 

 The identifi ed ICF categories are used to represent the  ‘ researcher 
perspective ’  in the ICF core sets for HL project (Danermark 
et   al, 2010).   

 Methods  

 Materials 
 All identifi ed outcome measures from pool I (246) and pool II (122) 
that were identifi ed in study I constituted the empirical material 
linked to the ICF in this study. When linking questionnaires, every 
item of a specifi c questionnaire was linked.  

  Procedure 
 When linking data to the ICF, standardized linking rules were used 
(Cieza et   al, 2002, 2005). Some key points from the linking rules 
are as follows: (1) always link to the most precise ICF category, 
(2) do not use so-called  ‘ other specifi ed ’  or  ‘ unspecifi ed ’  ICF catego-
ries (identifi ed by the fi nal code 8 and 9) and, (3) personal factors 
are assigned the code  ‘ pf  ’ . 

 The procedure started with the linking of all measures containing 
statements or questions, i.e.  patient-reported measures -  standardized  
 (PT-S)  or  patient-reported measures - non standardized (PT-not S) . 

 Abbreviations     

  HL    Hearing loss   
  ICF     International Classifi cation of functioning, disability 

and health   
  WHO    World Health Organization   

  Figure 1.     The hierarchical structure of ICF with examples from each level is provided. Note that all levels are connected to each other; 
the deeper category contains a more detailed specifi cation of the previous category. The personal factors component lacks categories.  

2002, when ten rules were developed to describe the relationship 
between health-status measurements and the ICF. The rules were 
developed in a dynamic process by a group of ICF and quality of 
life (QoL) experts, who linked approximately 300 items from 20 
condition-specifi c and generic health instruments to the ICF (Cieza 
et   al, 2002). The linking rules were further developed in 2005, when 
special rules for technical and clinical measures were introduced 
(Cieza et   al, 2005). 

 Linking is a well-established way of analysing and describing 
existing data from a health perspective. In a review of the scientifi c 
use of ICF, Cerniauskaite and colleagues (2011) identifi ed 73 
 ‘ linking papers ’ . Most of these papers had used established linking 
rules in different ways, proving the scientifi c recognition of the 
concept. In the area of audiology, Scarinci et   al (2009) described 
third-party disability of spouses of older people with hearing 
impairment from the ICF perspective. The authors successfully 
used the established linking rules but also highlighted some impor-
tant linking issues, such as problems with overlapping categories 
within components (e.g. between  conversing  and  discussing  in the 
Activities  &  Participation [d] component), and overlapping cate-
gories between components (e.g. between  attention functions  in 
the Body functions [b] component, and  focusing attention  in the 
Activities  &  Participation [d] component). 
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The intention was to link all measures separately by two linkers and 
to perform an inter-rater reliability analysis on the linking. However, 
after linking the fi rst questionnaire, it was clear that the linking 
agreement between the two linkers was low. The main reason for 
this fi nding was that the established linking rules were not suffi cient 
when linking audiological measures and allowed too much indi-
vidual interpretation. There were also ambiguities regarding the 
descriptions of specifi c category codes in the ICF. It was therefore 
decided that additional rules, specially designed for the audiological 
fi eld, needed to be developed as a complement to the existing rules. 
The development of these rules continued throughout the linking 
process. The additional linking rules that were used in this study are 
available in Appendix 1. 

  LINKING OUTCOME MEASURES CONTAINING STATEMENTS 
OR QUESTIONS 
 When linking according to the standardized rules, meaningful 
 concepts of a question or a statement should be identifi ed. For exam-
ple, the two meaningful concepts  ‘ pain ’  and  ‘ walking any distance ’  
occur in the statement  ‘ Pain doesn ’ t prevent me from walking any 
distance ’  (Cieza et   al, 2005, p. 214). Although not discussed further 
in the linking rules, these examples require only a literal interpreta-
tion of the concepts. However, several statements or questions in the 
present fi eld needed a  latent  interpretation to be correctly linked. The 
concept of latent interpretation is common in traditional content 
analysis and refers to the identifi cation of underlying meanings of a 
concept or an expression (Graneheim  &  Lundman, 2004; Kondracki 
et   al, 2002). This factor was especially important for the concepts of 
 hearing, listening, comprehending speech , and  conversing . Some 
descriptions of hearing related categories were unclear or overlap-
ping; therefore, the descriptions made by Kiessling et   al (2003) and 
Pichora-Fuller  &  Singh (2006) were used with some additional 
clarifi cations. 

  •  Hearing is a passive body function that provides access to the 
auditory world via the perception of sound. It concerns sensing 
the presence of sounds and discriminating the location, pitch, 
loudness and quality of sounds (Kiessling et   al, 2003, p. S93). 
In the ICF, hearing functions are assigned to b230  Hearing func-
tions . Note that b2304  Speech discrimination  is not described in 
the ICF as the audiological concept  ‘ speech recognition ’  is 
described; therefore, this category was  not  used when linking 
this concept in the current study (WHO, 2001b, p. 65). Instead, 
the second level b230 classifi cation was used for this matter. 

  •  Listening is the process of hearing with intention and attention 
for purposeful activities demanding the expenditure of mental 
effort (Pichora-Fuller  &  Singh, 2006, p. 30). In the ICF, listening 
is assigned to d115  Listening . Even though the description of 
this category in the ICF is ambiguous regarding listening to 
speech (i.e. speech comprehension) (WHO, 2001b, p. 125), this 
category was exclusively used for listening where  no speech 
comprehension  was involved. 

  •  Comprehending is an activity beyond the processes of hearing 
and listening (Kiessling et   al, 2003, p. S93) defi ned as the unidi-
rectional reception of information, meaning, and intent (Pichora-
Fuller  &  Singh, 2006, p. 30). In the ICF, speech comprehension 
is best described with d310  Communicating with - receiving - 
spoken messages . This category was solely used for (as the name 
implies) the receiving portion of speech communication. 

  •  Communication requires the bi-directional transfer of informa-
tion, meaning, or intent between two or more people (Kiessling 

et   al, 2003, p. S93). In the ICF, communication between two or 
more persons is referred to as  Conversation  (d350), and catego-
ries related to conversation were used when bi-directional com-
munication was linked. Even though this category closely 
resembles the d355  Discussion  category, the latter category was 
used when a meaningful concept explicitly highlighted the argu-
mentation dimension of a conversation or if a conversation was 
expressed as very intense. 

 An example of how these concepts were operationalized is the 
hearing handicap inventory of the elderly (HHIE) (Ventry  &  
Weinstein, 1982), where the category for  ‘ hearing function ’  was 
used when linking. In item no. 2,  ‘ Does a hearing problem cause you 
to feel embarrassed when meeting new people? ’ , the concept 
 ‘ hearing problem ’  was interpreted as  ‘ impairment in the hearing 
function ’  and was therefore linked to b230  Hearing functions . This 
decision was based on information from the original article, where 
the authors described the intentions and rationales within the ques-
tionnaire. Another example is item no. 2 (fi rst part) in the interna-
tional outcome inventory for hearing aids (IOI-HA) (Cox  &  
Alexander, 2002). For the item  ‘ Think about the situation where you 
most wanted to hear better ’ ,  ‘ hear ’  was linked to d115  Listening . In 
this statement, the notion of  ‘ hearing ’  refers to a specifi c situation, 
indicating the intentional aspect of  ‘ hearing ’ . In the ICF, this concept 
is related to the Activities  &  Participation component (d). However, 
there is no description in the statement of  ‘ speech comprehension ’ , 
and category d115 was used. A third example is from the commu-
nication profi le for the hearing impaired (CPHI) (Demorest  &  Erd-
man, 1987). For item no. 1 of this assessment,  ‘ Someone in your 
family is talking to you while you ’ re driving or riding in a car ’ , the 
meaningful concept  ‘ talking to you ’  was interpreted as  ‘ speech com-
prehension ’  and coded as d310  Communicating with - receiving - 
spoken messages . This type of statement occasionally appeared 
when an activity was expressed as  ‘ somebody else ’ s activity ’  (e.g. 
 ‘ someone in the family is talking ’ ), but the underlying meaning (and 
what the statement was meant to convey) was the receiving portion 
of the other person ’ s actions. The fourth example comes from the 
hearing aid performance inventory (HAPI) (Walden et   al, 1984), 
item no. 34 that reads  ‘ You are ordering food for the family at 
McDonald ’ s ’ ; in this example, the concept  ‘ ordering food ’  was 
linked to d3503  Conversing with one person . The motivation for the 
interpretation was that the concept of  ‘ ordering food ’  contains 
aspects of both interacting and comprehending (i.e. conversing), 
which are aspects known to be diffi cult for the target population. 

 In several questionnaires, latent interpretations were required in 
relation to the concepts of coping and communication strategies. 
While these two concepts are related in the fi eld of audiology, they 
are separated in the ICF.  ‘ Coping ’  is referred to as a personal factor 
(pf) in the ICF, while  ‘ Using communication techniques ’  (i.e. 
communication strategies) is part of the Activities  &  Participation 
component (d3602). Examples of how these two concepts were dis-
tinguished are as follows: the communication strategy scale (CSS) 
(Demorest  &  Erdman, 1987; Hallberg et   al, 1992) item no. 13 reads 
 ‘ If I ’ m sitting where I can ’ t hear, I ’ ll move to another seat ’  and item 
no. 9 in the communication scale for older adults (CSOA) (Kaplan 
et   al, 1997) reads  ‘ You are at a meeting. The speaker says something 
you do not understand. You pretend to understand and hope to get 
the information later ’ . The fi rst statement was viewed as a commu-
nication strategy due to its problem-solution characteristics and 
was thereby linked to d3602  Using communication techniques . The 
latter statement (the meaningful concept  ‘ pretend to understand ’ ) 
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was classifi ed as a  pf  because it was interpreted as an emotion-
focused response to the stressful situation, more specifi cally, an 
avoidance strategy. The rationale for this decision was based on 
the construct of the coping concept and how this construct is 
operationalized in the audiological area (Lazarus, 1993; Andersson 
 &  Willebrand, 2003). 

 In many cases, latent interpretations regarding the environment 
were also necessary. Several questionnaires provided examples of 
contexts where listening or speech comprehension can be diffi cult. 
An example is item no. 3 in the Glasgow hearing aid benefi t 
profi le (GHAB; Gatehouse, 1999) that reads  ‘ Carrying on a conver-
sation in a busy street or shop ’ . The statement was interpreted as 
 ‘ sustaining a conversation in noise ’ , resulting in classifi cation in the 
ICF categories d3501  Sustaining a conversation  and e2501  Sound 
quality . A meaningful concept was sometimes interpreted as an 
 ‘ arena ’  where a conversation was taking place, such as a restaurant 
environment, shop, or a large offi ce. In those cases, the latent inter-
pretation was made according to both noise (e2501  Sound quality ) 
and acoustics (e150  Design, construction and building products and 
technology of buildings for public use ). It was assumed that the 
arenas chosen in the questionnaires served as barriers to conversa-
tion due to the design of the environments (e.g. large, open areas), 
where noise from other people and things becomes problematic. 
Other latent interpretations were necessary when a concept con-
tained more dimensions than expressed in the statement, such as 
item no 1. in the hearing aid performance inventory (HAPI) (Walden 
et   al, 1984):  ‘ You are sitting alone at home watching the news on 
TV ’ . The meaningful concept  ‘ watching the news on TV ’  was inter-
preted as both  ‘ watching ’  (d110  Watching ) and  ‘ comprehending 
speech ’  (d310  Communicating with - receiving - spoken messages ), 
while  ‘ TV ’  was recognized as an environmental factor (e1250 
 General products and technology for communication ). 

 During the linking process, it was important to recognize whether 
a concept was part of the Activities  &  Participation (d) component 
or the Environmental factors (e) component, such as with d3600 
 Using telecommunication devices  and e1250  General products and 
technology for communication . It was helpful to recognize the  pri-
mary concepts  (i.e. what the statement  was  about) contained in the 
statements. In several statements, the primary concept focused on 
 ‘ conversing ’ , while, for example,  ‘ telephone ’  was considered a dif-
fi cult context for conversations. In those cases, the category e1250 
(an environmental category) was used when linking  ‘ telephone ’ . 
In other cases, the statement specifi cally asked about telephone 
usage. In those cases, d3600 (an Activities  &  Participation cate-
gory) was used when linking  ‘ telephone ’ . If only one category 
could not be selected, both categories were used. 

 Some diffi culties were experienced with overlapping categories. 
In some cases, there were problems distinguishing between 
Body functions (b) and Personal factors (pf), which was the case 
with b1265  Optimism . An example of this situation can be observed 
with the Glasgow benefi t inventory (GBI) (Robinson et   al, 1996) 
item no. 3:  ‘ Since your operation/intervention, have you felt more 
or less optimistic about the future? ’  The concept  ‘ optimistic about 
the future ’  was interpreted as an ability to produce a personal dis-
position,  ‘ optimism ’  (b1256), as opposed to being an  ‘ optimistic 
person in general ’  (a personal factor), which could result from other 
circumstances. These circumstances could include childhood 
 experiences and family relationships in addition to the personal dis-
position and to factors not related to the health condition. Another 
important diffi culty was discovered when linking concepts related 
to  ‘ attention ’ . Attention can be a body function in the ICF (b140 

 Attention functions ) and in the Activities  &  Participation component 
(d160  Focusing attention ). Again, it was very helpful to identify 
primary concepts and to decide whether the statement should be 
classifi ed as (b) or (d). In summary, when linking statements or 
questions, latent interpretations were necessary for many reasons, 
and it was vital to read the original article (when available) to iden-
tify latent variables (when expressed) for guidance when linking. It 
was also very helpful to fi rst consider which components a mean-
ingful concept should be linked to, and then select the fi nal category 
codes. Approaching the material by using primary concepts in the 
process of linking to the correct components and categories was 
also helpful.  

  LINKING CLINICAL OR LABORATORY OUTCOME MEASURES 
 When linking other types of outcome measures, such as clinical 
measures, the aim of the measurements should be linked (Cieza et   al, 
2005). A specifi c measurement may be used for different purposes 
in different studies (as in the case of X-ray). Consequently, the 
linking can vary from study to study. In this study, several of the 
clinical measures required an  ‘ active patient ’ , even though the aim 
with the measurement was to evaluate a body function. This was the 
case with pure-tone audiometry, which is described in the literature 
as a sound detection test in which the patient decides when a sound 
is detected or not (Roeser  &  Clark, 2007). Therefore, both the aim 
and procedure would be taken into consideration when linking. 
In addition, an overlap between categories in the Body functions 
component was discovered between the categories of b230  Hearing 
functions  and b1560  Auditory perception . To solve this overlap, both 
categories were used in the linking process. Pure-tone audiometry 
was assigned to b2300  Sound detection , b1560  Auditory perception , 
and d115  Listening , and this classifi cation considered both the aim 
and the test procedure. 

 When linking technical measures, it was impossible to assign 
several of the measurements to categories at the second level or 
more specifi c levels, such as with  ‘ Tympanometry ’ , which is used 
to evaluate the function of the middle ear (Clark et   al, 2007). Unfor-
tunately, functions of hearing related structures, such as the tym-
panic membrane or the ossicles, are not included in the ICF. When 
linking this example, the fi rst level category, b2  Chapter 2, Sensory 
functions and pain  was used. In audiology, the auditory system is 
viewed as a single system that begins at the outer ear and ending at 
the temporal lobe. According to the ICF, this system is divided. 
When referring to  ‘ structures of the auditory system ’ , the peripheral 
and central parts of the auditory system must be separated. The 
peripheral hearing system is found in Chapter 2  Structures of the 
eye, ear and related structures  of the component Body structures, 
while the central auditory system (the auditory nerve and beyond) 
is located in Chapter 1  Structures of the nervous system . As a direct 
consequence, functions of brain structures (e.g. linking ABR) were 
linked to b1  Chapter 1, Mental functions .   

  Quality assurance 
 A peer-review process was conducted to assure the quality of the 
linking of outcome measures containing statements or questions. 
Two linkers (SG, KM) who were familiar with the audiological fi eld, 
the ICF, and the linking rules conducted all of the linking of these 
measures. All statements or questions were linked by either one of 
these linkers and were checked by the other one to assure linking 
agreement. If the linking was not identical, linking agreement was 
reached by discussion between the two linkers. All other outcome 
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measures were linked by three linkers (SG, CM, and  Å S). These 
measures were linked in a joint process where two linkers worked 
together when linking measures of a specifi c instrument type, because 
this approach required detailed knowledge of the aim, performance, 
and procedures of a specifi c test to assure linking to the correct ICF 
categories. The decision of which of the linkers that should link 
certain instrument types was based on their area of expertise and 
knowledge of the ICF category codes.   

 Data analysis 
 The absolute and relative frequency (%) of all identifi ed ICF cat-
egories (fi rst to fourth level) were reported (relative to the total 
number of outcome measures). When calculating the total number 
of outcome measures, the prevalence of an identifi ed outcome 
measure (results from study I) was considered. If an ICF category 
was used frequently in the linking process of a specifi c outcome 
measure, this category was only calculated once to avoid bias. All 
identifi ed ICF categories and the relative frequency of each 
category represented the  ‘ researcher perspective ’  in the project 
(Danermark et   al, 2010). Contrary to other core sets projects (e.g. 
Escorpizo et   al, 2011; Post et   al, 2010; Zochling et   al, 2006), all 
levels used in the linking process (fi rst to fourth) were reported 
rather than only the second level. The rationale for this approach 
was a fear of losing the rich, detailed information that the more 
specifi c categories provided, as this information may be important 
within the audiological fi eld. In addition, by reporting all levels, it 
was possible to identify categories or areas where more specifi c 
hearing-related categories need to be developed in future revisions 
of the ICF.    

 Results 

 In total, 537 outcome measures were identifi ed in the 122 studies 
(approximately 4.4 measures per study). Twelve linked generic mea-
sures were obtained from the ICF Research Branch (http://www.
icf-research-branch.org/) because they already had been used in 
other core sets projects. Three self-report measures could not be 
retrieved and were therefore not linked. All other outcome measures 
were analysed and linked. From the 1036 items identifi ed (instru-
ment types PT-S [self-report measures and survey questionnaires] 
and PT-not S [i.e. patients ’  answers to single questions]), 3507 mean-
ingful concepts were extracted, analysed and linked to the ICF. Fur-
thermore, 285 ICF categories (fi rst to fourth level) were used, 
although the majority of these categories were used infrequently. 
Tables 1 – 4 reveal the categories linked  �    5 times ( �    0.9%) within 
each component. All categories linked less than 0.9% are available 
in a Supplementary Appendix 1. This material is available with the 
direct link to the article at: http://informahealthcare.com/doi/abs/
10.3109/14992027.2013.858279.  

 Body functions (b) 
 In total, 111 categories were used in the (b) component. Most catego-
ries (52) belonged to Chapter 1  Mental functions . In this chapter, the 
most prevalent categories were b1560  Auditory perception  (27.6%) 
and b152  Emotional functions  (12.1%). The second most used chap-
ter in this component was Chapter 2  Sensory functions and pain , 
where b230  Hearing functions  was the most prevalent category 
(29.2%). These two chapters were most frequently used when link-
ing within this component (86.5%).   

  Table 1. Absolute and relative frequencies of ICF categories 
identifi ed    �    5 times ( �    0.9%) after the linking of outcome measures 
extracted from 122 studies (Body functions component) (n    �    537).  

 ICF 
category 
code  ICF category code description 

 Absolute and 
relative 

frequency (%) 

b1 Chapter 1, Mental functions 18 (3.4%)
b117 Intellectual functions 5 (0.9%)
b1266 Confi dence 14 (2.6%)
b1300 Energy level 22 (4.1%)
b140 Attention functions 8 (1.5%)
b1400 Sustaining attention 7 (1.3%)
b144 Memory functions 11 (2.0%)
b1440 Short-term memory 8 (1.5%)
b152 Emotional functions 65 (12.1%)
b1560 Auditory perception 148 (27.6%)
b1561 Visual perception 5 (0.9%)
b164 Higher-level cognitive functions 9 (1.7%)
b167 Mental functions of language 5 (0.9%)
b2 Chapter 2, Sensory functions and pain 32 (6.0%)
b230 Hearing functions 157 (29.2%)
b2300 Sound detection 52 (9.7%)
b2301 Sound discrimination 13 (2.4%)
b2302 Localisation of sound source 10 (1.9%)
b2303 Lateralisation of sound 7 (1.3%)
b2304 Speech discrimination 6 (1.1%)
b235 Vestibular functions 9 (1.7%)
b2400 Ringing in ears or tinnitus 13 (2.4%)
b2401 Dizziness 10 (1.9%)
b280 Sensation of pain 9 (1.7%)
b430 Haematological system functions 15 (2.8%)
b4350 Immune response 13 (2.4%)
b5401 Carbohydrate metabolism 6 (1.1%)
b5403 Fat metabolism 12 (2.2%)
b555 Endocrine gland functions 6 (1.1%)
b7502 Refl exes generated by other exteroceptive 

stimuli
6 (1.1%)

  Table 2. Absolute and relative frequencies of ICF categories 
identifi ed    �    5 times ( �    0.9%) after the linking of outcome measures 
in 122 studies (Body structures component) (n    �    537).  

 ICF category 
code 

 ICF category code 
description 

 Absolute and relative 
frequency (%) 

s1101 Structure of midbrain 6 (1.1%)
s1102 Structure of diencephalon 6 (1.1%)
s1105 Structure of brain stem 6 (1.1%)
s1106 Structure of cranial nerves 7 (1.3%)
s240 Structure of external ear 7 (1.3%)
s260 Structure of inner ear 8 (1.5%)
s2600 Cochlea 5 (0.9%)

 Body structures (s) 
 Only 19 categories were used in this component during the linking 
process. Most categories belonged to Chapter 1  Structures of the 
nervous system  (43.1%) and Chapter 2  The eye, ear and related 
structures  (46.2%). The most prevalent category was s260  Structures 
of inner ear . The frequency of this category was very low (1.5%), 
indicating that evaluations of structures are infrequently used as out-
come measures in audiology.   
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 Assistive products and technology for communication  (e1251) 
(10.1%). These two categories were primarily used when linking 
noise and hearing aids. Chapters 1 and 2 (i.e.  Products and 
technology  and  Natural environment and human-made changes to 
environment ) were most frequently used when linking within this 
component (77.0%). Because ICF does not offer specifi c category 
codes in the personal factors component, data judged to belong 
to this component were only assigned with the label  pf . Examples 
of personal factors are avoidance, gender, education and smoking .  
The relative frequency of pf was 26.4%. 

 When identifying the categories most frequently used during the 
linking process across levels (fi rst to fourth), the categories explicitly 
related to the auditory system (i.e. hearing, listening, and perception) 
were the most frequently used (Table 5). The categories related to 
 ‘ communication ’  or  ‘ conversation ’  were ranked as the tenth and 
eleventh most frequent categories when all of the categories were 
ranked by occurrence.   

 Summary of the research fi eld from the ICF perspective 
 Given the hierarchical structure of the ICF, it is possible to analyse 
the results on different levels. Figure 2 illustrates the overall 
results when the absolute frequencies of all the used categories are 
merged into the fi rst level (chapter level) of each component. When 
analysing the results from a broad perspective (i.e. at the component 
level) and comparing the bubble size of (b), (s), (pf), (e), and (d), 
most outcome measures are linked to the Activities  &  Participation 

  Table 3. Absolute and relative frequencies of ICF categories 
identifi ed    �    5 times ( �    0.9%) after the linking of outcome measures 
in 122 studies (Activities  &  Participation component) (n    �    537).  

 ICF 
category 
code  ICF category code description 

 Absolute and 
relative 

frequency (%) 

d110 Watching 19 (3.5%)
d115 Listening 190 (35.4%)
d160 Focusing attention 6 (1.1%)
d310 Communicating with - receiving - spoken 

messages 43 (8.0%)
d330 Speaking 13 (2.4%)
d350 Conversation 41(7.6%)
d3503 Conversing with one person 21 (3.9%)
d3504 Conversing with many people 23 (4.3%)
d355 Discussion 8 (1.5%)
d3600 Using telecommunication devices 25 (4.7%)
d3602 Using communication techniques 25 (4.7%)
d450 Walking 6 (1.1%)
d4500 Walking short distances 5 (0.9%)
d4551 Climbing 6 (1.1%)
d4701 Using private motorized transportation 9 (1.7%)
d4702 Using public motorized transportation 7 (1.3%)
d4751 Driving motorized vehicles 8 (1.5%)
d6200 Shopping 23 (4.3%)
d7 Chapter 7, Interpersonal interactions 

and relationships 29 (5.4%)
d7203 Interacting according to social rules 5 (0.9%)
d730 Relating with strangers 29 (5.4%)
d740 Formal relationships 16 (3.0%)
d7402 Relating with equals 5 (0.9%)
d750 Informal social relationships 22 (4.1%)
d7500 Informal relationships with friends 32 (6.0%)
d760 Family relationships 37 (6.9%)
d770 Intimate relationships 5 (0.9%)
d850 Remunerative employment 26 (4.8%)
d9 Chapter 9, Community, social and civic life 17 (3.2%)
d910 Community life 18 (3.4%)
d920 Recreation and leisure 24 (4.5%)
d9202 Arts and culture 14 (2.6%)
d9205 Socializing 22 (4.1%)
d930 Religion and spirituality 19 (3.5%)
d9300 Organized religion 7 (1.3%)

 Activities  &  Participation (d) 
 In total, 117 categories were used in this component. The most 
prevalent category was d115  Listening  (35.4%), which belonged to 
Chapter 1  Learning and applying knowledge . Although this category 
was more than four times more frequent than the second category 
(d310), the chapter most frequently used in the linking process 
was Chapter 7  Interpersonal interactions and relationships  
(50.8%). Several categories in Chapter 3  Communication  were 
also used. The most common category used was d310  Communi-
cating with- receiving- spoken messages  (8.0%), followed by d350 
 Conversation  (7.6%). All chapters in this component were used 
in the linking procedure, although with highly variable frequency.   

 Contextual factors (e)  &  (pf) 
 In the (e) component, 37 categories were used. The most frequently 
linked categories belonged to  Sound quality  (e2501) (16.2%) and 

  Table 4. Absolute and relative frequencies of ICF categories 
identifi ed    �    5 times ( �    0.9%) after the linking of outcome measures 
in 122 studies (Environmental factors component) (n    �    537).  

 ICF 
category 
code  ICF category code description 

 Absolute and 
relative 

frequency (%) 

e1101 Drugs 6 (1.1%)
e1150 General products and technology for 

personal use in daily living 7 (1.3%)
e1151 Assistive products and technology for 

personal use in daily living 6 (1.1%)
e1200 General products and technology for 

personal indoor and outdoor mobility 
and transportation 10 (1.9%)

e1250 General products and technology for 
communication 45 (8.4%)

e1251 Assistive products and technology for 
communication 54 (10.1%)

e150 Design, construction and building products 
and technology of buildings for public use 36 (6.7%)

e250 Sound 40 (7.4%)
e2500 Sound intensity 45 (8.4%)
e2501 Sound quality 87 (16.2%)
e3 Chapter 3, Support and relationships 9 (1.7%)
e310 Immediate family 13 (2.4%)
e320 Friends 6 (1.1%)
e325 Acquaintances, peers, colleagues, 

neighbours and community members 12 (2.2%)
e4 Chapter 4, Attitudes 12 (2.2%)
e410 Individual attitudes of immediate family 

members 8 (1.5%)
e5800 Health services 24 (4.5%)
e5802 Health policies 5 (0.9%)
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(d) component, followed by Body functions (b), Environmental fac-
tors (e), Personal factors (pf), and Body structures (s). Analysis on 
this level favors components in which many chapters are used in 
combination with medium to high relative frequencies of categories 
within these chapters. This situation occurred with the (d) compo-
nent, where the multi-use of chapters when linking was a high con-
tributor to the results found for this level. In fact, only one chapter 
in this component (Chapter 7) displayed a relative frequency of 
   �    50%. If the results are viewed from a narrower perspective (i.e. 
at the fi rst level), the interpretation of the results differs slightly. 
The chapters most frequently used in the linking process were b1 
(75.2%) and b2 (57.7%), both belonging to the component Body 
functions. Here, a chapter belonging to the (d) component appeared 
fi rst as the third most frequently used chapter (d7). The categories 
related to  Communication  (d3) fi rst appeared in the fi fth most fre-
quently used chapter in the linking hierarchy. In the (e) component, 
only categories related to the physical environment (e1 and e2) 
were used with a notable frequency. Categories related to  Support 
and relationships  (e3);  Attitudes  (e4) and  Services, systems and 
policies  (e5) exhibited low frequencies.    

 Discussion 

 As stated in Part I of this study (Granberg et   al, 2014), the ICF 
provides an opportunity to describe trends and paradigms by func-
tioning as a reference tool for other types of data. Given the bio-
psycho-social approach to functioning and disability in ICF, the 
classifi cation also provides a perspective that acknowledges bodily 
dimensions, executive dimensions and contextual infl uences. In 
this study, the quality of the outcome measures was not valued, but 
rather, the  content  of the outcome measures was valued. The con-
tent of these outcome measures created the foundation of which 
current research trends on adult HL was described. This description 
was accomplished using the theoretical framework of the Interna-

tional Classifi cation of Functioning, Disability and Health (ICF) 
(WHO, 2001b). 

 Outcomes targeting bodily dimensions, such as different aspects 
of hearing functions or emotional functions, were dominant. As 
concluded in Part I, the assessment of abilities related to  ‘ speech 
recognition ’  or  ‘ sound detection ’  (measures partly connected to the 
hearing functions) were common. These types of measures are also 
highly valued and frequently used as outcome measures within the 
audiological fi eld (Gatehouse, 1998; Killion  &  Gudmundsen, 2005; 
Saunders et   al, 2005). Even though these types of measurements 
are often used to assess impairments, Body functions in the ICF 
are  not  equal to impairments because ICF offers the possibility to 
express both negative and positive aspects of human functioning. 
For example, it was very common for emotions to be reported as 
infl uencing hearing loss, which indicated a  ‘ normal ’  function of 
emotions. This fi nding agrees with the integrated ICF model, where 
the different components interact (Cieza  &  Stucki, 2008). There-
fore, even though bodily dimensions of hearing loss are a very 
common topic in audiological research, one  cannot  conclude that 
audiological research focuses on impairments based on the results 
from this review. What  can  be concluded, however, is that com-
munication as a research topic is subordinated to other topics 
according to the chosen outcome measures used in the different 
studies. This statement is based on the fact that categories related 
to communication were placed far down in the linking hierarchy 
despite the precautions taken to link different aspects of  ‘ hearing ’  
to correct components and categories. This result is noteworthy 
because communication restrictions are known to be one of the 
most frequently reported consequences of hearing loss (e.g. Dalton 
et   al, 2003; H é tu et   al, 1988; Karlsson Espmark  &  Hansson 
Scherman, 2003; Pryce  &  Gooberman-Hill, 2012). These fi ndings 
also indicate there might be a confl ict between patients ’  experience 
of the health condition compared to the target of research investiga-
tions. Therefore, it might be benefi cial to involve people with 
hearing loss in the research (e.g. to discuss research questions) in 
the future. Former projects of this kind have shown that even 
though there were diffi culties related to divergent background 
experiences and mutual research understandings when involving 
other people in the research process; people with disabilities have 
been shown to be highly motivated and willing to participate in 
the research process, resulting in positive effects for both parties 
(Erdtman et   al, 2012; Priestley et   al, 2010a, 2010b). 

 In the ICF, environmental factors (e) constitute the physical, 
social, and attitudinal environment in which people live and conduct 
their lives (WHO, 2001b, p. 16). In this review, categories for noise 
and hearing aids (i.e. the physical environment) were used fre-
quently during the linking process. This result is not surprising 
because both of these factors are very important from a hearing loss 
perspective. However, very little research attention has been 
given (according to identifi ed outcome measures) to societal atti-
tudes (e4) or support and relationships (e3). In a systematic review 
on factors infl uencing help-seeking for hearing impairment and 
hearing-aid adoption in older adults, Meyer and Hickson (2012) 
identifi ed seven studies that covered different aspects of environ-
mental attitudes (e4) during a broad time spectrum (1996 – 2010). 
The present systematic review only included quantitative studies, 
and these topics may be better addressed with qualitative studies. 
This situation, together with the evidence from the study by Meyer 
and Hickson, could explain the low frequency of these concepts in 
the present results. However, only 18 studies were excluded from 
this current review because of an incorrect design (results of 

  Table 5. Absolute and relative frequencies of the 15 most frequently 
identifi ed ICF categories (including personal factors) after the linking 
of outcome measures extracted from 122 studies (n    �    537).  

 ICF 
category 
code  ICF category code description 

 Absolute and 
relative 

frequency (%) 

d115 Listening 190 (35.4%)
b230 Hearing functions 157 (29.2%)
b1560 Auditory perception 148 (27.6%)
Pf Personal factors 142 (26.4%)
e2501 Sound quality 87 (16.2%)
b152 Emotional functions 65 (12.1%)
e1251 Assistive products and technology for 

communication 54 (10.1%)
b2300 Sound detection 52 (9.7%)
e1250 General products and technology for 

communication 45 (8.4%)
e2500 Sound intensity 45 (8.4%)
d310 Communicating with - receiving - spoken 

messages 43 (8.0%)
d350 Conversation 41 (7.6%)
e250 Sound 40 (7.4%)
d760 Family relationships 37 (6.9%)
e150 Design, construction and building products 

and technology of buildings for public use 36 (6.7%)
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  Figure 2.     Relative frequencies of ICF chapters (fi rst levels) identifi ed after the linking of outcome measures extracted from 122 studies 
(n    �    537). The sizes of the bubbles are proportional, i.e. a larger bubble indicates a chapter has been used more frequently in the linking 
process. The frequency also affects the bubble size for components (d), (e), (s), (b) and (pf).  

Part I). Even if each of these studies covered the fi rst level catego-
ries e4 and e3, the relative frequency for these chapters would 
increase only marginally, indicating that the social and attitudinal 
environments are likely neglected areas in audiological research. 

 In addition to the established rules, new linking rules were devel-
oped especially for audiological data. This development was neces-
sary because many self-assessment questionnaires have a different 
structure than established, generic HRQoL scales, such as the Short 
Form-36 (SF-36) (Ware et   al, 1993) or the EuroQol (EQ-5D) (Brooks 
 &  EuroQol group, 1996) from which the established linking rules 
were originally developed (Cieza et   al, 2002, 2005). Several hearing 
condition-specifi c questionnaires have used statements or questions 

based on a specifi c activity (e.g.  ‘ talking with someone ’ ) that occurs 
in a specifi c condition (e.g. a  ‘ restaurant environment ’ ), requiring a 
latent interpretation when linking. In this study, several statements 
or questions expressed the term  ‘ hearing ’  but actually referred to 
higher level auditory processing, such as  ‘ listening ’  or  ‘ conversing ’ . 
In a consensus paper about audiology and older adults, Kiessling 
et   al (2003) acknowledged how the term  ‘ hearing ’  often was used to 
describe the auditory system as well as higher level activities related 
to hearing (e.g. listening or comprehending). These authors recom-
mended careful use of adequate hearing-related terms. The present 
study supports this approach because  ‘ hearing functions ’  are Body 
functions (b) in the ICF, while  ‘ listening ’  or  ‘ conversing ’  belong to 
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the Activities  &  Participation (d) component. If latent interpretations 
had not been made in reference to  ‘ hearing ’  in this study, a large 
amount of the results undoubtedly would have been placed in the 
category b230  Hearing functions . This situation would represent a 
serious misinterpretation of the data because the focus would have 
been on impairment rather than disability. To state it more clearly, 
the bodily dimensions of hearing loss would have been favored 
instead of the effects of hearing loss due to a linguistic defi ciency. 

 Another type of latent interpretation was related to the concepts 
of communication strategies and coping. In the area of audiology, 
communication strategies are commonly grouped into two catego-
ries: facilitation strategies and repair strategies (Tye-Murray, 1994). 
Facilitation strategies are defi ned as strategies applied in prepara-
tion for conversation or to manage an ongoing conversation, while 
repair strategies aim to repair communication breakdowns. The 
characteristics of a communication strategy are the solution-
oriented approach to a potentially stressful communication situa-
tion. Process-oriented coping is often described as either 
problem-focused or emotion-focused (Lazarus, 1993). As stated by 
Andersson  &  Willebrand (2003), communication strategies are a 
form of problem-focused coping, although not frequently discussed 
in the theoretical framework of coping. Other types of reported 
coping strategies, such as avoidance and minimizing strategies, 
would be acknowledged as strategies to regulate an emotional dis-
tress (Hallberg  &  Carlsson, 1991). In the ICF, these two concepts 
belong to different components, indicating that theoretically, cop-
ing and communication strategies are viewed as two  different  
concepts in the classifi cation. This situation provides an example 
of how theories used in audiology do not always match the ICF. In 
this case, the theoretical distinctions made in the ICF are arguable, 
but the consequence of the distinctions are positive because the 
personal factors component do not contain any specifi c categories 
and thereby make it impossible to specify, for example, coping strat-
egies not related to communication. According to the WHO, per-
sonal factors are not classifi ed in ICF  ‘ because of the large social 
and cultural variance associated with them ’  (WHO, 2001b, p. 8). 

 In this study, the problem with overlapping categories has been 
highlighted. This problem occurred both between different compo-
nents and within the same component. Diffi culties were experi-
enced when trying to distinguish between categories related to 
b126  Temperament and personality functions , such as  ‘ optimism ’  
(b1265) or  ‘ confi dence ’  (b1266), and some personal factors (inter-
preted as  ‘ being an optimistic person ’  or  ‘ being a confi dent or self-
confi dent person ’ ). Threats (2007) suggested a clinical solution for 
this problem based on personality traits related to the onset of a 
health condition. For example, if a person was pessimistic and 
negative before the onset of a stroke, this factor would most likely 
be classifi ed as a personal factor. However, if a person was described 
as optimistic before the stroke and after the stroke appeared unmo-
tivated to participate in therapy, this factor may be classifi ed as into 
the Body functions (b) component (p. 69). Although this reasoning 
can be very helpful, hearing loss rarely has a distinct onset time; 
therefore, this differentiation may be diffi cult. In this project, the 
distinction was made in the linguistic context. When statements 
were expressed about personal disposition in relation to the health 
condition, this information provided a clue that the factor was 
related to body functions, while statements about personal disposi-
tion  not  related to hearing loss could be considered as personal 
factors. This approach aligns with the ICF description where con-
cepts are assigned as personal factors (pf) if they are  not  part of a 
health condition or health state (WHO, 2001b, p. 17). 

 Other authors have reported (Scarinci et   al, 2009) ambiguity 
regarding the categories b140  Attention functions  and d160  Focusing 
attention , which belong to different components; similar diffi culties 
were experienced in this study. Reed et   al (2005) stated that these 
two items cannot be distinguished clinically, although these factors 
can be conceptually differentiated within the ICF. The Body function 
category b140 is described as  ‘  Specifi c mental functions of focusing 
on an external stimulus or internal experience for the required 
period of time  ’ , and the Activities  &  Participation category d160 as 
 ‘  Intentionally focusing on specifi c stimuli, such as fi ltering out dis-
tracting noises  ’ . It is a diffi cult task to differentiate these factors 
because the descriptions of the categories are overlapping. Even 
though a person can intentionally focus attention (as is the defi nition 
of d160), it is highly questionable whether an individual can inten-
tionally block distracting noises. To  ‘ block ’  is merely a consequence 
of the  ‘ focusing part ’ , and fi ltering is a non-intentional human body 
function (de Boer et   al, 2012). Therefore, the description of the cat-
egory proceeds from a body function perspective, resulting in even 
greater confusion. Moreover, Reed and colleagues stated that the 
existence of these two categories is more confusing than helpful, and 
that the distinction is not clinically meaningful (Reed et   al, 2005). 

 Other overlapping categories within a component were identifi ed 
when using  Hearing functions  (b230s). The third level categories 
connected to this component are b2300  Sound detection , b2301 
 Sound discrimination , b2302  Localization of sound source , b2303 
 Lateralization of sound , and b2304  Speech discrimination . These 
categories overlap with b1560  Auditory perception . Even though 
the solution was simple (using multiple categories when linking), 
the main problem is that  all  categories presented in  Hearing func-
tions  are in fact  Auditory perception functions . Because auditory 
perception is not viewed as part of hearing function but rather as 
part of mental functions, these categories are separated (occurring 
in different chapters) in the ICF. Furthermore, specifi c categories 
connected to b230  Hearing functions  are unfortunately missing. It 
was not possible to link any functions of auditory structures to 
specifi c ICF categories. Compared to  Seeing functions , where the 
second level category b215  Functions of structures adjoining the 
eye  is clearly connected to the eye structures, no such category is 
found for  Hearing functions.  The consequences of this situation are 
that several of the outcome measures used in the audiological fi eld 
were diffi cult to link due to poor matching to appropriate ICF cat-
egories. These topics need to be addressed in future revisions of 
the classifi cation.   

 Conclusions 

  •   A comprehensive set of ICF categories (285) was identifi ed in 
this review, which represents the  ‘ researcher perspective  ’  in the 
ICF core sets for HL project. The majority of these categories 
were used infrequently in the linking process. The most preva-
lent categories were connected to the auditory system, such as 
 listening ,  hearing functions , and  auditory perception . Categories 
related to  communication  had low relative frequencies, indicat-
ing a lower amount of research attention for communication fac-
tors. The  physical environment , such as noise and hearing aids, 
was identifi ed as important in the audiological research fi eld, 
while little research attention was paid to the  social  and  attitu-
dinal environment . 

  •  Additional linking rules were developed to combine with the 
established rules. In the area of audiology,  latent interpretations  
of statements or questions were very important to avoid 
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 mislinking (i.e. linking to the wrong components and catego-
ries). It was also important to establish  primary concepts  of state-
ments to identify what the expression was meant to convey. 
When linking clinical measures, it was deemed necessary to 
refl ect upon both the  aim  and  procedure  of a specifi c measure-
ment to link to the correct components and categories. 

  •  In future revisions of the ICF, from an audiological perspective, 
attention should be paid to issues regarding  overlapping catego-
ries   within components  (e.g. the third level categories of Hearing 
functions and the category for Auditory perception),  overlapping 
categories between components  (e.g. distinguishing between 
Attention functions [Body functions] and Focusing attention 
[Activities  &  Participation]), the  lack of categories  when linking 
functions of structures (e.g. the function of the ossicles or the 
tympanic membrane), and to the  descriptions  of specifi c ICF 
categories to facilitate the applicability of the classifi cation.                   
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Appendix 1

 Linking rules especially designed for audiological data 
 These linking rules should be used in combination with the coding 
guidelines for ICF (WHO, 2001, p. 219) and the established ICF 
linking rules (Cieza et   al, 2002, 2005) and are especially applicable 
for audiological data. These rules can be used when linking state-
ments, words, clinical measures, or other types of audiological data. 

1.   When linking outcome measures, read the origin article (when 
available) to understand the authors ’  intentions with the measure-
ment and to identify any latent variables.  

2.   Make latent interpretations (identifying the underlying meaning) 
of concepts when linking statements to avoid mislinking 
(i.e. linking to the wrong components and categories).  

3.   First, identify the appropriate component when linking meaningful 
concepts; second, identify the appropriate category/categories.  

4.   When linking statements, identify primary concepts for guidance 
of what a statement is meant to convey. A primary concept 
describes the main activity/main focus of a statement. An 
example of this concept is as follows:  ‘ I can ’ t hear what my 
mom says on the phone ’ , where the primary concept is  can ’ t 
hear what my mom says .  

5.   If it is not possible to determine the primary concept and to 
select the correct categories to link, use multiple linking, i.e. 
choose several categories. For example, it may be diffi cult to 
distinguish whether a bus is the  context  (e1200) or whether the 
statement is about  using  public transportation (d4702).  

6.   Distinguish between hearing, listening, comprehending, and 
communicating (conversing). The second level categories (or 

third level categories related to the second level designations) 
can be used when linking hearing related concepts. For example, 
Hearing (b230) can be used for descriptions of impairments in 
the hearing functions, Listening (d115) can be used when 
describing the intentional part of  ‘ hearing ’  but when no speech 
comprehension is present, Communicating with receiving - spo-
ken messages (d310) can be used when linking speech compre-
hension (i.e. the receiving portion of communication) and 
Conversation (d350) can be used when linking the bi-directional 
part of communication.  

7.   Noisy public  ‘ arenas ’  (e.g. restaurants, grocery stores, large open 
offi ces, etc.) should be coded with the codes for both  ‘ noise ’  
(e2501) and  ‘ acoustics ’  (e150) if not otherwise specifi ed.  

8.   Assign coping as a personal factor (pf) if the meaningful concept 
is not judged as a communication strategy; in those cases, 
use d3602.  

9.   When an expressed hearing health condition has an ICD-10 code 
(e.g. presbyacusis or sensorineural HL), use the designation 
of  ‘ health condition ’  ( hc ). When statements use expressions 
like  ‘ hearing impairment ’ , use the category code b230.  

10.   The concept  ‘ watching (TV) ’  should be coded with both the 
category code d110  Watching  and with d310  Communicating 
with - receiving - spoken messages   .  

11.   Several concepts commonly addressed in audiology should be 
assigned as  ‘ not covered ’  ( nc ). For example, these concepts can 
include  ‘ visual cues ’ ,  ‘ home ’ ,  ‘ hearing-aid usage (frequency) ’ , 
 ‘ time aspects ’ , and the  ‘ number of hearing aids ’ .  

12. When linking clinical measures, consider both the aim and the 
test procedure when choosing appropriate ICF categories.
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Abstract 

Although private practice in audiology has evolved during the past 40 years, hearing aids 

have remained as a central component to success. This article will discuss present and future 

trends for the next 40 years, including parallels to other professions and the need to innovate 

beyond technology. 

Keywords: Hearing loss, hearing aids, audiology, personal sound amplification products, 

President's Council of Advisors on Science and Technology, Food and Drug Administration 

Learning Outcomes: As a result of this activity, the participant will be able to (1) describe 

three differences between the professions of audiology, optometry, and dentistry as they 

relate to private practice trends; (2) list the primary recommendations made by the National 

Institute on Deafness and Other Communication Disorders Working Group (2009), as they 

relate to persons with hearing loss; (3) list five ways that technology will impact the 

diagnosis, treatment, and rehabilitation of hearing loss in the future. 

When I graduated with a master's degree in audiology in 1983, one of my professors pulled 

me aside, wished me well, and said that he was glad that he was in his shoes, rather than 

mine, as he was concerned for the future of the profession. Nearly 35 years later, I can state 

unequivocally that I have not regretted one moment of my decision to become an audiologist, 

and although there are challenges ahead, I also see tremendous opportunity. In contrast to that 

professor, I only wish that I had the opportunity to start over, as I feel the future for the 

profession and private practice is bright, as long as we are willing to adapt. To that end, the 

focus of this article will be to discuss the current status and make some predictions for the 

future. 
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Current Status 

Comparison to Other Professions 

Audiology has steadily increased in visibility during the past decade, and it has consistently 

ranked highly on best-careers lists during the past 5 years.1 2 3 This is no doubt due to the 

transition from the master's degree to the doctorate of audiology, as well as the emergence of 

the baby boomer generation as the primary patient demographic for hearing and balance 

disorders. Comparison to other professions, including dentistry and optometry, reveals 

similar trends, particularly as they adapt to meet the needs of the 78 million boomers. There 

is more, however, behind that story that provides insight for the future of audiology private 

practice. 

Optometry 

In 1980, there were ∼22,000 optometrists practicing in the United States; almost 90% were 

either owners or partners in a private practice.4 Over the course of 30 years, however, 

industry consolidation occurred, as the number of vision care product manufacturers was 

reduced to only a handful of large players that increased market share (and profit margins) 

through their own retail networks. The impact of the baby boomer generation was significant, 

as many individuals with no history of visual impairment began experiencing “front of the 

eyeball” issues requiring correction for refractive eye disorders. The combination of 

technological improvements, corporate consolidation, and changes in distribution has resulted 

in a transformation of optometry from employers to employees for more than half of the 

35,000 optometrists practicing in the United States,5 as most optometrists are now working 

either part-time or full-time for retail corporations. It will be interesting to see if this trend 

continues as optometry prepares for the second wave of their baby boomer experience, as the 

majority of that generation begin to move from “front of the eyeball” (refractive) to “back of 

the eyeball” (e.g., glaucoma, macular degeneration, retinal detachment) issues. 

Dentistry 

There are currently nearly 200,000 practicing dentists in the United States.6 7 Unlike 

optometry, however, to date, dentistry has remained predominantly an autonomous 

profession, with fewer than 17% of all active practitioners working as employees.8 There is a 

trend toward corporate dental practice,9 but many private practitioners are increasingly 

focusing on specialty and preventative care as a means of differentiating from their 

competition. Another focus of potential interest to audiology has been the growth of mid-

level dental providers, including hygienists, and a focus on balancing third-party and private 

pay reimbursement. 

Table 1 suggests that corporate consolidation is already underway for audiology; from 2005 

to 2013, the self-described primary job title clinical staff audiologist grew from 54 to 59%, 

while the collective job titles of director, owner/partner, or CEO declined by roughly 6%.10 

During the same time period, salaries for clinical audiologists rose 21%, while compensation 

for those working in independent practice increased by 41%. What does the future hold, and 

what may be learned from the parallels to optometry and dentistry? 
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Table 1 

Self-described Job Title for Employed Audiologists 

Urgency for Action 

One thing that both dentistry and optometry have accomplished is the need for regular office 

visits and a sense of urgency when a problem exists. According to the Glaucoma Research 

Foundation,11 74% of adults surveyed said that they had their eyes examined at least once 

every 2 years. The U.S. Department of Health and Human Services Centers for Disease 

Control and Prevention reports that over 63% of adults in the United States visit their dentist 

annually.12 In comparison, Abrams and Kihm report that only 23% of adults had their hearing 

screened during their last physical.13 This included those who were simply asked, “How's 

your hearing?” This is despite the fact that the Centers for Medicare and Medicaid Services 

added a new benefit (over a decade ago!) for Medicare Part B beneficiaries that provides for 

hearing and balance screening questionnaires to be administered by a physician or qualified 

nonphysician provider during the Welcome to Medicare examination.14 It is only available 

for the first 6 months after enrollment, and limited to questionnaires only, but it is a start 

toward raising awareness for the importance of hearing, and reflects an age-related prejudice 

toward hearing loss in the United States. To wit: in 2013, Centers for Disease Control and 

Prevention data showed that over 97% of newborns in the United States were screened for 

hearing loss,15 and yet less than a quarter of older adults had their hearing screened, even 

though half of those aged 70 and older have measurable hearing loss!16  

The mounting evidence linking comorbidities of untreated hearing loss with cardiovascular 

disease and cognitive decline,17 18 as well as many other health conditions, may assist 

audiologists with establishing urgency for action. Additional research is necessary, however, 

to establish causation, as well as correlation, particularly for hearing loss and incident 

dementia, which in turn may increase market penetration of hearing aids beyond 30% of 

those with measureable hearing loss.13  

Go to: 

Future Trends 

Improved Accessibility and Affordability 

In response to persistently low market penetration during the past 30 years, the Food and 

Drug Administration (FDA) issued a guidance document for industry and FDA staff related 

to hearing aid devices and personal sound amplification products (PSAPs) in February 

2009.19 Subsequently, the National Institute on Deafness and Other Communication 

Disorders (NIDCD) established the Working Group on Accessible and Affordable Hearing 

Health Care for Adults With Mild to Moderate Hearing Loss in August, 2009.20 The goal of 
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both of these initiatives was to increase hearing aid access and affordability for persons with 

mild to moderate degrees of hearing loss. The original guidance created the PSAP category 

for those individuals who did not have measureable hearing loss, but nonetheless had 

difficulty with distant or soft speech. Finally, the FDA issued draft guidance for regulatory 

requirements for PSAPs in 2013,21 which further clarified that PSAPs were designated for 

“non-hearing-impaired consumers.” 

This federal activity led to considerable discussion and debate in the scientific community, 

leading to the President's Council of Advisors on Science and Technology (PCAST) to hold a 

series of meetings in 2015, culminating in a document that recommended that the FDA open 

the hearing aid market by withdrawing the 2013 FDA draft guidance and establish a new 

class of over the counter (OTC) hearing aids for mild to moderate age-related hearing loss 

that could be purchased without the need for a credentialed dispenser (i.e., audiologist or 

hearing instrument specialist).21 22 In addition, two more recommendations were made largely 

to provide portability of the hearing loss diagnostic testing results and suggested fitting 

results. 

Finally, the Institute of Medicine (IOM), which eventually became known as the National 

Academies of Science, Engineering, and Medicine (NASEM), provided a series of consensus 

meetings and a report with 12 recommendations to improve access and affordability in June 

2016.23 The report acknowledged that FDA regulation has not stifled innovation and hearing 

aid advancement, and also recommended regulation of OTC products, with distinction from 

regulations applied to hearing aids and PSAPs. 

The “good news, bad news” of all of this activity is that it has raised awareness for the 

importance of hearing; at issue is how private practitioners withstand the harsh glare of the 

perception that hearing aids are too expensive, due in large part to the bundled model of 

technology and service that dominates the U.S. market. At issue is whether the creation of a 

separate category of OTC devices for persons with mild to moderate hearing loss would 

improve access and affordability without potentially harming the patient or compromising 

care. At the moment of this writing, no decision has been made by the FDA regarding 

expanding PSAPs or creating a new class of OTC devices. 

The consumer electronics industry has introduced a flurry of products from Samsung, Apple, 

and smaller companies like Bragi that provide impressive technology for wireless 

connectivity, audio transparency, and even beam-forming microphone arrays previously 

found only on premium hearing instruments. If approved for use with mild to moderate 

hearing loss, without the need for a professional, it could dramatically impact the way hearing 

aids are distributed in the United States. Private practitioners will need to demonstrate their 

added value to this process in the face of unbundling of the device price from their 

professional services. To do this, they will need to demonstrate innovations beyond 

technology. 

Innovations beyond Technology 

Topics that have been addressed elsewhere in this issue, including the use of assistants and 

support personnel, key performance indicators to drive business, best (evidence-based) 

practice, and proper billing/coding techniques will all assist in improved delivery of hearing 

and balance services. The inexorable regulatory and technology changes that will impact the 
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hearing aid industry, however, have the potential to alter the distribution process that has 

been in place for decades. 

Clayton Christensen coined the term disruptive innovation as one that creates new market and 

distribution channels, eventually displacing existing market leading firms, products, and 

services.24 Disruptive innovations tend to be produced by outsiders and entrepreneurs, rather 

than from existing market leaders, because the products and services are initially seen as 

inferior or not profitable enough (at least at first). It is, however, possible for an industry or 

profession to self-disrupt if they are open to drastic change from the status quo. 

The Inevitable 

In his recent book, Kevin Kelly also addresses the rapid pace of innovation, in terms of a 

dozen technological forces that will shape the future of any discipline, due to digital 

technology.25 I have framed the predictions for the future of audiology private practice 

around Kelly's 12 forces of technology.25  

Becoming 

According to MarkeTrak 9,13 the average replacement cycle for hearing aids has increased to 

between 6 to 7 years, presumably due to cost and increased reliability. During the life span of 

the typical analog hearing aid, this meant that the primary emphasis was placed on 

maintenance to ensure that components were kept in proper working order and that changes 

in hearing loss were accounted for by the audiologist. The advent of first digitally 

programmable analog, and eventually, digital hearing aids in the early 1990s provided 

dramatic improvements in device flexibility to adjust hearing gain and output to meet patient 

changing needs. Today's devices, however, offer the opportunity for continual upgrades to 

feature sets including compression, noise management, feedback cancellation, and other 

sophisticated features as new algorithms become available. Patients from the traditionalist 

generation (born pre–World War II) may be less than enthusiastic about paying more for 

software or firmware upgrades to a device that they have already purchased, but it has 

become commonplace for baby boomers to pay for upgrades to software, apps, and other 

programs whose features change over time. Tomorrow's hearing aids will not necessarily last 

any longer, but upgradability will enable them to remain state-of-the-art over their life span. 

That said, not all patients will be comfortable with the continuous process of upgrades 

without guidance and support of their clinician. In a sense, the continuous evolution of the 

products due to products becoming better will provide a consistent role for the audiologist to 

help the patient overcome the feeling that they are a perpetual newbie. The momentum of 

technology, particularly as it appeals to the new generation of baby boomers who will soon 

become the dominant force in the hearing aid market, will provide the motivated professional 

with a way to prevent commoditization by serving as an interface between the hearing aid 

and the patient. 

Cognifying 

Artificial intelligence (AI) is ubiquitous these days; even a miniscule amount of useful 

intelligence embedded into an existing device promises increased effectiveness and 

efficiency. Or so we thought, over 20 years ago when hearing aids first incorporated data 

logging of wearing time, listening environment, and battery life. Hearing aids have used some 

form of AI without much fanfare for quite some time, and the more recent integration of 
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“made for iPhone” and “made for Android” hearing aids have cognified them further. Using 

the smartphone's integrated geotagging capability and motion sensors permit hearing aids to 

know where the user is, whether they are moving or standing still, and whether they have 

been in that place before. Hearing aids already have moved well beyond the era of a stand-

alone device that provides gain as a function of frequency, and the hearing aids of tomorrow 

will provide both the user and practitioner with a wealth of “always on” intelligence. 

Microelectromechanical sensors will provide information regarding whether the hearing aids 

are inserted in the proper ears, whether they have been exposed to high humidity, and even 

report biomedical information, such as heart rate, temperature, and blood sugar levels. They 

will be capable of providing appointment reminders (when to come in for appointments, 

recharge batteries, dehumidify), real-time translation, and health reminders (when to take 

medication, if they are at risk for a fall, or even if they are having a heart attack). Cognifying 

the world is a big deal, it is happening right now, and the ear will serve as an important 

interface. This transition will be overwhelming for many patients, and the role of the 

practitioner will be to assist with the interpretation of big data into bite-sized portions. The 

audiologist is uniquely qualified to serve in the capacity of counselor, coach, technical 

advisor, health practitioner, and data analyst. 

Flowing 

The Internet of things is a proposed development of the Internet in which everyday objects 

have network connectivity, allowing them to send and receive data seamlessly in real time. 

With regard to hearing aids, the most promising strategy relates to wireless connectivity. 

Imagine a hearing aid user walking into a theater, lecture hall, or movie and automatically 

being asked whether they want to pair with the sound system. Many televisions are already 

equipped with Bluetooth connectivity, which will eliminate the need for specialized, stand-

alone devices for TV streaming. A recent paper by Strelcyk et al reported that although TV 

listening was important and relevant for the hearing aid users they surveyed, few understood 

or made program changes to specialized settings for use with television.26 Technology in the 

future will need to “flow” effortlessly to be adopted, and will require immediacy, 

personalization, interpretation, and accessibility. Audiologists can serve a vital role in all 

these areas, through use of demonstration, clear counseling, and follow-up to ensure 

understanding. Much has been made of the impact of consumer electronics to open up the 

hearing aid market. An alternative interpretation may be the reality of using professionally fit 

hearing aids to connect seamlessly to other consumer electronics, in turn providing the best of 

both worlds in ways that we do not accomplish today. 

Screening 

Rather than referring to examining for the presence of hearing loss, this force refers to digital 

“screens” in the form of display monitors, tablet screens, and smartphones. According to 

Kelly,25 we live in an increasingly visual world, with digital display manufacturers cranking 

out 3.8 billion new additional screens per year. Now that nearly every hearing aid dispensed 

in the United States in 2016 is digital, and with two-thirds of Americans owning a 

smartphone,27 it creates opportunities for audiologists to provide both face-to-face and 

telehealth support to their patients. Telehealth is central to the trifecta of health care: better 

population health, improved patient care, and lower costs. In a sense, professionally delivered 

telehealth services provide the opportunity to achieve the objectives set by the NIDCD, 

PCAST, and FDA while still preserving the role of the practitioner. By combining face time 

in the clinic with screen time in between, the private practitioner may improve access, 
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efficiency, outcome, and satisfaction with a generation of patients accustomed to virtual 

reality. The baby boomers will demand the convenience of synchronous and asynchronous 

models of telehealth to meet their lifestyle needs, and the private practitioner is in an ideal 

position to pivot to the use of this modality. Furthermore, because the majority of hearing 

aids sold in the United States remain private pay, applications for concierge care that bundles 

different types of professional services into a single package are possible. 

Accessing 

Tom Goodwin recently observed that “Uber, the world's largest taxi company, owns no 

vehicles. Facebook, the world's most popular media owner, creates no content. Alibaba, the 

most valuable retailer, has no inventory. And Airbnb, the world's largest accommodation 

provider, owns no real estate. Something interesting is happening.” 28 In the emerging digital 

world, possession is not as important as it once was; accessing is more important than ever. 

How will the hearing aid market adapt? It is possible that, instead of a major purchase made 

every 5 to 7 years, leasing options will develop that provide for a monthly fee that covers 

product, battery, upgrades, and services. It is not inconceivable that in the future, today's 

hearable devices (e.g., Apple AirPods, Samsung Gear IconX) could be included in the phone 

purchase and paid for via a monthly service contract. Lower up-front costs to the consumer, 

in combination with several of the 12 forces, will provide the opportunity to forge in new 

directions that may commoditize the product, but not the professional service. In this way, it 

may be possible to build more loyalty to the practitioner than the product. The switch from 

“ownership that you purchase” to “access you subscribe to” overturns many conventions, and 

private practitioners can pivot more easily than large clinics to this type of approach. 

Sharing 

In addition to the change from ownership to subscription in the digital economy, another 

trend has been toward free through sharing or collaboration. The implications for private 

practice include the opportunities to share ideas, concepts, wearing tips with patients via open 

or private social media platforms, like Facebook, YouTube, Twitter, and Instagram. 

Furthermore, cooperation with current patients to assist in marketing to prospective patients 

is a high-impact, low-cost marketing tool. Organized collaboration and collectivism provides 

an opportunity to work with local businesses and charities to rate the ambience of dining 

establishments in terms of noise/reverberation levels, seating recommendations, and lighting 

for optimal communication. Finally, the opportunity to become a local, regional, or national 

expert on hearing loss prevention, ototoxicity, tinnitus management is enhanced by the 

sharing culture. Today's crowdsourcing was yesterday's networking for the practitioner. 

Filtering 

There has never been a better time to live for information junkies; a mountain of digital 

content is created each year. Kelly points out that every 12 months, 8 million new songs are 

produced, 2 million books are published, 16,000 films are made, and 30 million blog posts 

are published.24 If the Internet of things connects electronic devices, increasingly people are 

connected to the online library of everything. This seemingly infinite array of choices is 

overwhelming to many, and private practitioners have the opportunity to serve as 

professional filters to personalize and optimize choices for their patients. This is not possible 

without trust, engagement, and investment of time that exceeds patient expectation. Within 

audiology private practice, the specific opportunities for filtering include concierge care, as 
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mentioned previously, in which the patient pays an annual fee or retainer in exchange for 

personalized/enhanced care by limiting patient loads to ensure adequate time and availability 

for each patient. 

Another opportunity for filtering is via the use of technology, in the form of telehealth, Web-, 

app-, or text-based based approaches to customize, personalize, or even “gamify” the process 

of aural rehabilitation, tinnitus therapy, or other ongoing care that may use technology to 

assist patients with forming healthy habits using a combination of support mechanisms in an 

adaptive framework. Furthermore, the use of technology to provide momentary feedback in 

real time during the hearing aid trial period may assist professionals in addressing 

fitting/follow-up challenges early in the process, rather than the defined clinical visits (e.g., 2-

week follow-up visit). This may, in turn, reduce return-for-credit rates and improve user 

satisfaction ratings. 

Remixing 

According to Brian Arthur,29 all new technologies derive from a combination of existing ones 

that have been rearranged and remixed in novel ways. Whether audiologists like it or not, the 

Apple AirPods, Samsung Gear IconX, or Bragi Dash may be repurposed with applications 

like Ear Machine (Bose Corporation, Framingham, MA) to create customized OTC devices 

if/when the FDA creates a new category of device. Entrepreneurial clinicians will decide 

whether they will choose to use these types of products and devices as lead generation tools 

for future patients, by providing technical support on a fee-for-service basis with these starter 

devices. Wu et al remixed a software/cloud recording-based device originally intended for 

use in infant children for their study of real-world speech listening environments in adults.30 
31 Similar opportunities exist for combining hearing aid devices with third-party app 

developers to invent new research, clinical, and practice technologies that do not currently 

exist. During the next 30 years, the most important inventions and clinical tools will likely be 

the ones that have been remixed most successfully. 

Interacting 

Virtual reality (VR) is an artificial world that feels authentic. Currently, many VR approaches 

are heavily visually based, with audio as an afterthought. Similarly, the audio demonstrations 

used in many clinical settings do not replicate the real-world environment experienced by 

many patients when they wear their hearing aids. Two strategies for improving interactions 

with hearing aids are to focus more on externalization of sound with binaural hearing aids 

and also to move from practitioner-based to patient-based or patient-driven fittings. 

Despite the fact that the United States has one of the highest binaural hearing aid fitting rates 

in the world,13 many clinicians pay little or no attention to whether the hearing aids selected 

preserve localization, minimize occlusion, and create the perception of externalized sound, 

rather than one that originates in the head. Increasingly, hearing aid technology will evolve 

from lo-fi to hi-fi devices that preserves (or restores) 3-D audio, at least for those with 

adequate residual auditory area to take advantage of high-frequency cues necessary to 

achieve this result. 

Currently, many clinicians cling to the practitioner-based, real-ear measurement-based 

assumption that a match to prescriptive target ensures a successful outcome. Although this is 

a great starting point, technologies will continue to emerge in the future that will permit 
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greater interaction/adjustment by the patient in real-world environments. Historically, this has 

often been perceived as a threat to the role of the professional, but the inevitable force of 

interacting will require a change in attitude and actually augment the role of the professional 

by facilitating greater patient control to assist with optimizing outcomes. The convergence of 

maximum interaction and maximum patient control will override professional insecurity and 

provide differentiation for the practitioners who are willing to cede control. In the coming 

years, anything that is not intensely interactive will not be considered state of the art. 

Tracking 

Scientific tracking and self-measurement via digital sensors has become far more convenient, 

less expensive, and widely available through the use of biometric tracking devices. These tiny 

recording devices have started to change our ideas of medicine, health, and human behavior. 

Currently, the majority of devices that track steps, sleep, and heart rate are in the form of 

wearable devices, typically worn on the wrist. The dirty secret of wearables, however, is that 

although 1 in 10 Americans over the age of 18 own an activity tracker, nearly half abandon 

their use after 12 months.32 It turns out that the ear serves as remarkably good real estate for 

tracking temperature, heart rate, steps, electroencephalogram, and respiration. The hearable 

device was created because many people want to track biometric activity while they are 

exercising,33 when they also want to stream audio from TV or a media device. Future 

applications will permit the next generation of data-logging instruments that provide acoustic 

information from various listening environments, as well as measures of social interaction 

subsequent to being fitted with hearing aids. In turn, this life-streaming information will 

provide clinicians with increasingly detailed longitudinal data regarding the impact of hearing 

technology. The personal archive of information may be used to detail comorbidity between 

hearing loss and cardiovascular disease or cognitive decline. Plus, more widespread use of 

wireless audio devices will help reduce stigma for hearing aids and provide opportunity for 

clinicians to employ customized solutions for hearable devices. The biggest obstacle remains 

the need for privacy; we are on our way to manufacturing 54 billion sensors every year by 

2020.34 Certainly, this will require privacy solutions that we cannot yet anticipate. 

Questioning 

We have always had questions. Before Google or Wikipedia, the largest answering business 

was telephone directory assistance. The printed version was the Yellow Pages. Today, the 

number of reference databases to answer questions about general topics on hearing, where to 

get hearing aids, how satisfied patients are with clinic services, and a host of other questions 

are available online or through applications like Healthgrades, Yelp, RateMDs, AngiesList, 

Vitals, and a host of other Web sites. In the past, questions such as “Why are hearing aids so 

expensive?” or “Where should I get my hearing tested?” would be either more hierarchical or 

dependent on a physician, family member, or acquaintance. Society is increasingly moving 

away from a rigid order of hierarchy toward the fluidity of decentralization and search engine 

optimization. Questioning will be seen as the mechanism that generates new disciplines, new 

brands, and new possibilities. 

Beginning 

The final technological force of the future is, ironically, beginning. The future of technology 

will likely not be either utopian or dystopian. Rather, it will likely be protopian, with slight 
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incremental improvements due to the interactions between all 12 forces, creating 

combinations that we cannot see from today. 

Go to: 

Summary 

The future of private practice audiology should first and foremost be focused on the needs of 

the patient and on hearing as an important health condition. By raising awareness for the 

importance of healthy hearing in the aging population, we will achieve the objectives of the 

PCAST, IOM/NASEM, NIDCD, and FDA to improve accessibility and affordability for the 

population with hearing loss. 

The aging baby boomer generation will require different approaches than the ones used 

during the past 30 years. To be successful, practitioners will need to consider innovation 

strategies that employ combinations between technology and service, employing some/all of 

the 12 technological forces discussed in this article. Rather than waiting for disruptive 

innovation to commoditize the role of the clinician, self-disruptive innovation will provide 

solutions that are less dependent on the device alone, and more on the benefits of our 

professional service. 

Go to: 
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     In 2004, the World Health Organization (WHO) reported that the 
most common global cause of disability was adult-onset hearing 
impairment (WHO, 2004). This is particularly noteworthy as the 
WHO indicates the total number of adults over 65 years old will triple 
to close to 1.5 billion people between 2010 and 2050 (WHO, 2011). 
Combining these population statistics with the knowledge that mild 
hearing impairment is the most prevalent of all degrees of impairment 
(WHO, 2004), mild hearing impairment can be expected to increas-
ingly affect older adults in future years. Longitudinal studies of age-
related decline in hearing, such as Kiely et   al (2012) and Lee et   al 
(2005) show this change to be gradual, at around 1 dB HL per year, 
with rates of change increasing with age. The results of studies of 
other age-related changes in, for example, cognition (Lin et   al, 2013) 
and activities such as walking and preparing meals (Dalton et   al, 
2003) suggest that declines in these functions may be exacerbated if 
hearing impairment is not addressed at an early stage. 

 Hearing function, and the effect a hearing impairment may have 
on an individual ’ s daily life, can be comprehensively described 
using the framework provided by the World Health Organization ’ s 
International Classifi cation of Functioning, Disability and Health 
(ICF). The ICF provides a  “ components of health ”  classifi cation 
and a common language to describe individuals ’  functioning and 
disability associated with health conditions (WHO, 2001). The ICF 
utilizes  ‘ functioning ’  as a broad term to include all body structures 
and functions, activities and participation, and  ‘ disability ’  as the 
broad term for the negative consequences of changes to function; 
these are impairments, activity limitations, and participation restric-
tions. Activity is defi ned as the execution of a task or action by 
an individual, and participation is defi ned as involvement in a life 
situation. When used in the context of hearing impairment, an activ-
ity can be listening to the television or using the telephone, while 
participation includes conversations with friends and family or 
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  Abstract 
  Objective:  Acquired hearing impairment is recognized by the World Health Organization as the third leading cause of disability, with a 
mild impairment being the most prevalent. The aim of this study was to review research literature concerned with adults with acquired 
mild hearing impairment; the defi nitions and prevalence, the resulting activity limitations and participation restrictions, and hearing-aid 
interventions.  Design:  This study involved a systematized review of research literature identifi ed through searches in citation databases 
and through reference checking.  Study sample:  A total of 151 papers were identifi ed and of these, 33 papers were included in this review. 
 Results:  Prevalence rates are signifi cantly infl uenced by the defi nition used for mild hearing impairment, and range from 1 in 3 to 1 in 
5 adults. The weak correlations between audiological assessments and self-reported diffi culties suggest that further assessment of 
individuals with mild hearing impairment is warranted. The most common intervention is the provision of hearing aids with varying rates 
of use, benefi t, and satisfaction.  Conclusions:  The development of appropriate audiological assessment in the clinic, and further evaluation 
of the real-world listening needs and performance of people with mild hearing impairment is required to provide a more effective pathway 
for this clinical population.  
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involvement in other social situations. The ICF framework recog-
nizes that an individual ’ s functioning and disability is a  ‘ dynamic 
interaction between health conditions and contextual factors ̓   which 
include both environmental and personal contextual factors, (p. 8; 
WHO, 2001). 

 Applying the ICF framework to hearing, clinical audiometric 
measures provide an insight into an individual ’ s hearing impair-
ment but they may not reveal the activity limitations and participa-
tion restrictions that the individual experiences. In the case of mild 
hearing impairment, the negative effects can vary widely for indi-
viduals with similar audiometric data, and for this reason, defi ning 
disability merely by assessing impairment reveals only a part of the 
clinician ’ s challenge in meeting the client ’ s needs. In addition, the 
manner in which a health condition is experienced is also infl uenced 
by contextual factors. For example, an individual with mild hearing 
impairment may experience no or few activity limitations when at 
home but experience severe activity limitations (e.g. problems in 
conversation) and participation restrictions (e.g. avoidance of con-
versation) in noisy or social settings. 

 The ICF can be applied as a clinical tool to support clinicians in 
areas such as needs assessment, rehabilitation and measuring out-
comes (Hickson  &  Scarinci, 2007; Gagn é  et   al, 2009). For adult-
onset hearing impairment, common rehabilitation options are the 
provision of hearing aids (Sprinzl  &  Riechelmann, 2010; Humes 
 &  Krull, 2012; Laplante-L é vesque et   al, 2012), auditory training 
(Sweetow  &  Sabes, 2006; Humes et   al, 2009; Henshaw  &  Ferguson, 
2013), aural rehabilitation or communication programs (Abrams 
et   al, 2002; Hickson et   al, 2007) or a combination of these. The 
provision of hearing aids is the most common, possibly due to a 
lack of availability of other rehabilitation options in clinical settings 
(Laplante-Lé vesque et   al, 2011). There is evidence to suggest that 
hearing-aid fi tting, however, is much less common for those with 
mild hearing impairment. In a questionnaire returned by a random 
sample of 3975 hearing-aid non-adopters who self-reported a mild 
hearing impairment, 43% reported their audiologist had suggested 
a  ‘ wait and retest ’  approach (Kochkin, 2012). This large-scale con-
sumer survey conducted in the USA does not however provide insight 
into the reasons for this approach. It could be because of differences 
in the help-seeking behaviour of adults with mild hearing impair-
ment, or the clients may not report suffi cient hearing diffi culties 

to warrant aid fi tting, or the clinicians involved may not perceive 
that individuals with mild impairment are candidates for hearing 
aids. Alternatively, as Kochkin (2012) suggests, some adults with 
mild hearing impairment may indeed not experience any hearing 
diffi culties and therefore do not have suffi cient need for interven-
tion. To further understand the nature of mild hearing impairment 
and the implications of it, the following questions were addressed 
in this review: 

  How is mild hearing impairment defi ned, and how prevalent is it?   •
  How does a mild hearing impairment impact an individual ’ s  •
activities and participation?  
  Do hearing aids meet the needs of adults with mild hearing  •
impairment?    

 Methodology 

 The primary objectives of this study were to review research litera-
ture concerned with adults with acquired mild hearing impairment 
and, specifi cally, the defi nitions of mild hearing impairment, the 
nature of the impairment and its impact, and common interventions 
with this population. To ensure a systematic approach to the litera-
ture search, a systematized review methodology was chosen (Grant 
 &  Booth, 2009). 

 To this end, systematized searches in PubMed, Medline, and 
SCOPUS databases, and through reference checking were carried 
out between December 2013 and May 2014. There is little consistency 
in the usage of the terms hearing loss and hearing impairment, there-
fore the database search ensured each term was included. In this article 
the term hearing impairment is used throughout and refers to both 
 ‘ hearing loss ’  as measured using average pure tone thresholds, and 
 ‘ hearing impairment ’  as measured through other means, such as self-
report. In each database search, the search string contained variations 
of the phrase  “ mild sensorineural hearing impairment ”  ( “ mild hearing 
loss ”  OR  “ minimal hearing loss ”  OR  “ slight hearing loss ”  OR  “ mild 
hearing impairment ”  OR  “ minimal hearing impairment ”  OR  “ slight 
hearing impairment ” ). To further defi ne the search, additional key-
words were then added to the search query (see Table 1). 

 The following fi lter criteria were also used: 

  Papers published in English only   •
  Subject sample to include adults only (18 years and over)   •

 Unfortunately, despite the search query restrictions, many of 
the search results yielded studies that included participants with 

  Abbreviations  

 3FAHL   Three frequency average hearing loss 
 4FAHL   Four frequency average hearing loss 
 AI   Articulation index 
 APHAB   Abbreviated profi le of hearing-aid benefi t 
 FAAF   Four alternate auditory feature 
 HHIE   Hearing handicap inventory for the elderly  
 HHIE-S    Hearing handicap inventory for the elderly - 

Screening version 
 HINT   Hearing in noise test 
 ICF    International Classifi cation of Functioning, 

Disability and Health 
 RCT   Randomized controlled trial 
 SF-36   Short-form health survey 
 SIP   Sickness impact profi le 
 SPIN   Speech-in-noise 
 WHO   World Health Organization 

  Table 1. Search database, additional keywords, and articles 
identifi ed using the search string and additional search terms.  

 Database 
 Additional keywords 

used 
 Number of articles 

identifi ed 

PubMed/Medline
Prevalence/epidemiology 44
Defi nition 1
Outcomes 16
Hearing aid 27

Scopus
Prevalence/epidemiology 13
Defi nition 8
Outcomes 19
Hearing aid 22
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audiometric hearing thresholds (3FAHL or 4FAHL) greater than 
40 dB HL and therefore with hearing impairments which would be 
better defi ned as moderate rather than mild. These papers were then 
excluded except where the results were presented in such a manner 
as to allow the separation of data for participants with mild hear-
ing impairment. To ensure applicability to current hearing-aid tech-
nology, any studies related to hearing-aid characteristics published 
before 2000 were excluded. The cut-off at 2000 was chosen to ensure 
the search included literature after the availability of digital hearing 
aids, launched from 1995 (Bentler  &  Wu, 2014), and still covered 
a substantial period of time (15 years) of available hearing-aid lit-
erature. No date of publication limits were set for other searches. 
All papers were screened by the fi rst author, with issues concerning 
inclusion or exclusion discussed amongst all authors. 

 The literature search identifi ed 151 papers, of which 33 met the 
inclusion criteria. Although the highest level of evidence can be 
gained from randomized controlled trials (RCTs; Wong  &  Hickson, 
2012), only one reviewed paper followed this design. Therefore, 
quasi-experimental (or non-randomized), and non-intervention stud-
ies such as cohort studies, available on the topic of mild hearing 
impairment were also reviewed and included if suffi cient study 
design and participant information was provided. Although these 
last study designs are lower on the evidence quality hierarchy, this 
review found a lack of higher quality evidence and therefore the best 
available evidence was included. The critical appraisal checklist for 
audiological intervention, proposed by Wong and Hickson (2012), 
was used as a guideline for inclusion for this review.  

 How is mild hearing impairment defi ned? 
 Hearing impairment in adults is most commonly measured by means 
of pure-tone audiometry. The earliest systematic classifi cation of the 
degree of hearing impairment was published in the 1930s (Guild, 1932) 
and improvements upon it were proposed in the mid-1940s (Carhart, 
1945). The most commonly used descriptive terms for hearing impair-
ment severity today are from Clark (1981) who proposed labels such 
as mild, moderate, severe and more based on the average hearing 
thresholds from a pure-tone audiogram (Clark, 1981). Although much 
of the nomenclature of Clark ’ s proposal has survived, the threshold 
ranges associated with the terms vary widely. Table 2 shows a range 
of defi nitions associated with mild hearing impairment. 

 It can be seen that a slight or mild degree of hearing impairment is 
variously defi ned as pure-tone threshold levels averaged across any 
number of octave frequencies, between 250 and 4000 Hz, of between 

16 to 26 dB HL at the lower limit and 39 to 45 dB HL at the upper 
limit. In summary, the lack of a universally accepted pure-tone audio-
metric defi nition means a single measure of mild hearing impairment 
does not exist, nor is it likely to exist in the short term. 

 The lack of a universal defi nition, and the variations in defi nitions 
of mild hearing impairment have a resulting infl uence on prevalence 
estimations. In general, however, all estimates indicate that mild 
hearing impairment is common in the general adult population. In 
a 2012 review, the WHO suggested that 9% to 17% of the world ’ s 
population over the age of 15 years has a hearing impairment of 
between 26 and 40 dB HL averaged over 500, 1000, 2000, and 
4000 Hz (classifi ed as mild by WHO), with prevalence varying by 
geographic region (WHO, 2012). For example, the prevalence rate 
of mild hearing impairment for adults over 15 years in South Asia 
is 17%, in the Middle East and North Africa it is 7% and, in high-
income regions including North America and Western Europe, it is 
just over 10%. The systematic review conducted by the WHO Global 
Burden of Disease Hearing Loss Expert Group in 2013 reported that 
the global prevalence of mild hearing impairment, defi ned in that 
study as between 20 and 34 dB HL (averaged over 500, 1000, 2000, 
and 4000 Hz), was 22.7% for men and 19.0% for women over the 
age of 15 years (Stevens et   al, 2013). 

 The differences in prevalence between these two recent WHO 
studies may be explained by the lower threshold range used to defi ne 
mild hearing impairment by the WHO Global Burden of Disease 
Hearing Loss Expert Group in 2013. The infl uence of different 
defi nitions of  ‘ mild ’  hearing impairment is also evident in two Euro-
pean studies. In a sample of 1041 older adults over 55 years of age, 
Duijvestijn et   al (1999) reported that changing the lower limit for 
mild impairment from 35 to 30 dB HL resulted in a 10% prevalence 
increase and changing from a three frequency average hearing loss 
(3FAHL) to a four-frequency average (4FAHL) increased prevalence 
by 9%. Uimonen et   al (1997) found similar trends when applying 
two different mild hearing impairment defi nitions; the then-current 
WHO (3FAHL from 26 to 40 dB HL) and European Union (4FAHL 
from 21 to 39 dB HL) classifi cations. Their sample of 1233 Finnish 
adults between the ages of 55 and 75 years, drawn from the gen-
eral population, had a mild hearing impairment prevalence of either 
10.1% (WHO defi nition) or 29.5% (European Union defi nition). 

 In other geographic regions, a small number of population-based 
studies have also provided insight into the prevalence of mild hear-
ing impairment. Sindhusake et   al (2001) found a prevalence rate of 
39.1% for mild hearing impairment in 2015 adults over 55 years in 
the Blue Mountains region in Australia. Cruickshanks et   al (1998) 

  Table 2. Summary of descriptive classifi cations of mild hearing impairment.  

 Organization/Authors  Average thresholds 
 Frequencies used 

to calculate average 

American Speech-Language-Hearing Association (ASHA) 
(based on Clark, 1981)

Slight 16 – 25 dB HL
  Mild 26 – 40 dB HL

500, 1000, 2000 Hz

World Health Organization (WHO) 1991 Slight 25 – 40 dB HL 500, 1000, 2000 Hz
British Society of Audiology 2011 Mild 20 – 40 dB HL 250, 500, 1000, 2000, 4000 Hz
EU, European Working Group on Genetics of Hearing, 1996 Mild 21 – 39 dB HL 500, 1000, 2000, 4000 Hz
New Zealand Deafness Notifi cation Database, 1996 Mild 26 – 40 dB HL 500, 1000, 2000, 4000 Hz
World Health Organization (WHO) 1997 Slight 25 – 40 dB HL 500, 1000, 2000, 4000 Hz
Australian Hearing/NAL Mild 21 – 45 dB HL 500, 1000, 2000 Hz
National Institute on Deafness and Other Communication 

Disorders (NIDCD)
Functional handicap 

around 40 dB HL
500, 1000, 2000, 3000 Hz
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reported that 26.7% of over 43 year olds in a sample of adults resid-
ing in the Beaver Dam, Wisconsin region in the USA, showed a 
mild hearing impairment, with prevalence rate increasing sharply for 
adults over the age of 60 years. Whilst both studies used a 4FAHL 
at 500, 1000, 2000, and 4000 Hz, and defi ned a mild impairment to 
be between 25 and 40 dB HL, prevalence differences between the 
studies could be expected due to differences in defi nitions; Sind-
husake et   al (2001) defi ned a hearing impairment as being present 
using the individual ’ s better ear thresholds, whilst Cruickshanks 
et   al (1998) used the thresholds in the worse ear to classify hearing 
impairment. This difference in defi nition could have led to a higher 
prevalence of hearing impairment in the Beaver Dam study however 
the Sindhusake et   al (2001) sample included adults over 55 years 
of age, whilst 34.4% of Cruickshanks et   al ’ s (1998) sample group 
were younger, that is, aged 43 to 54 years. In summary, defi nitions 
of hearing impairment and the age of participants in various study 
samples infl uence reported prevalence. Nevertheless, research fi nd-
ings from epidemiological studies suggests that between 1 in 3 and 1 
in 5 adults of the general population has a mild hearing impairment 
depending on age, gender and geographic region. 

 For the purposes of inclusion criteria for this systematized review, 
a mild hearing impairment was defi ned based on the pure-tone audio-
metric averages listed in Table 2, however it is noted that hear-
ing disability can be experienced by those with clinically normal 
audiometric confi gurations. Studies by Kujawa and Liberman (2009) 
have outlined the process of neurodegeneration and hair cell func-
tion recovery following noise exposure, which could lead to normal 
hearing thresholds yet signifi cant hearing diffi culty, particularly in 
noisy environments. As the Plack et   al (2014) review pointed out, 
both noise exposure and aging have been shown to reduce speech 
perception even in individuals with normal audiometric thresholds. 
Future research should investigate if other clinical and real world 
measures can provide clinicians with better insight into clients ’  hear-
ing challenges in everyday life.   

 How does a mild hearing impairment impact an individual ’ s 
activities and participation? 
 The WHO defi nition of a  ‘ disabling ’  hearing impairment as being a 
4FAHL over 40 dB HL (WHO, 2012) suggests that adults with mild 
hearing impairment do not experience disability as a result of their 
hearing impairment. However, Lutman and colleagues concluded 
there is little relationship between threshold and onset of disability, 
and suggest even a 3FAHL of 15 dB HL is  “ signifi cantly disabling 
for everyday speech ”  (p. 56; Lutman et   al, 1987). This may not 
be the case for all individuals with mild hearing impairment. Both 
Salonen et   al (2011) and Sindhusake et   al (2001) reported a weaker 
relationship between mild hearing impairment and self-reported 
hearing diffi culty than greater degrees of impairment, using the 
popular screening version of the Hearing Handicap Inventory for 
the Elderly (HHIE-S; Lichtenstein et   al, 1988). These results may 
not be surprising as Weinstein and Ventry (1983) concluded that 
audiometric thresholds account for less than 50% of the variance in 
reported hearing handicap.   

 Speech perception 
 The impact a mild hearing impairment has on an individual can 
be assessed using various outcome measures. Speech audiometry 
is often used as a clinical tool to assess a client ’ s speech percep-
tion using materials and presentation levels that may represent 

communication situations in everyday life. In the context of the ICF 
framework, speech perception tests are one means of assessing both 
body function and activity (Saunders et   al, 2005) and can provide 
an insight into an individual ’ s activity limitations associated with 
their hearing impairment. Since both pure tone and speech audi-
ometry measure functioning, such measures might be expected to 
be strongly related. But, in the case of mild hearing impairment, 
can speech perception be predicted from an individual ’ s pure tone 
thresholds? A number of studies have investigated the correlation 
between mild pure-tone threshold impairment and speech audiom-
etry results, with two conclusions in common: (1) the reported cor-
relations are often signifi cant, but only mild or moderate in scale, 
and (2) individual variability in speech scores is large amongst 
people with mild hearing impairment. These fi ndings were inde-
pendent of whether stimuli were speech in quiet (Duquesnoy, 1983; 
Dubno et   al, 1984; Smoorenburg, 1992), speech in noise (Matthews 
et   al, 1990; Smoorenburg, 1992; Helfer  &  Freyman, 2008) or speech 
in reverberation (Helfer  &  Wilber, 1990). Table 3 summarizes 
the test materials and conditions used in these studies and over-
all, it can be concluded that for individuals with mild hearing 
impairment, speech perception could not be predicted based on 
pure-tone thresholds. 

 Smoorenburg (1992) used a sample of 200 adults (400 ears), with 
noise-induced hearing impairment, all with a 3FAHL less than 40 dB 
HL and 75% with pure-tone thresholds up to 8000 Hz that were no 
worse than 40 dB HL at any frequency. He found the highest correla-
tion between pure-tone thresholds and speech reception thresholds 
in quiet was 0.73, and 0.72 for speech reception thresholds in noise. 
Therefore, no more than 53% of variance in speech understanding 
could be accounted for by pure-tone thresholds. Smoorenburg (1992) 
concluded that speech perception in noise can be affected by an 
impairment as mild as 15 dB HL at 4000 Hz. Smoorenburg ’ s sample 
did not include any adults over the age of 55 years but his fi ndings 
are in line with the Duquesnoy (1983) study, which included 110 
participants between the ages of 60 and 90 years. 

 Duquesnoy (1983) found participants with similar speech scores in 
quiet showed large variability on speech in noise tests, and concluded 
one could not be predicted from the other. While he highlighted the 
clinical relevance of testing both in quiet and in noise, Duquesnoy 
(1983) did not address any age effects which could be expected in a 
sample of older adults. This was addressed by Dubno et   al (1984), 
who measured speech recognition in quiet and in noise, in younger 
and older adults with either normal hearing or a mild hearing impair-
ment. Regardless of age, participants with mild hearing impairment 
showed signifi cant differences in speech understanding in quiet com-
pared to normal-hearing participants, particularly so for sentences 
with low predictability. For speech in noise, there were signifi cant 
differences attributable to hearing status, age, speech material and 
the level at which the speech material was presented. After conclud-
ing that speech understanding could not be predicted by pure-tone 
thresholds, Dubno et   al (1984) then investigated if the use of the 
Articulation Index (AI) could improve prediction of speech in noise 
results but found this not to be the case, as the AI model does not 
incorporate the individual ’ s age. Helfer and Freyman (2008) also 
showed that age alone had an effect on speech understanding, using 
speech both as target and as masker. When speech signals are used 
as the competing stimulus, it may overlap acoustically with, and 
reduce audibility of, the target (energetic masking) and/or may be 
more diffi cult to differentiate from the target signal (informational 
masking; Helfer  &  Freyman, 2008). Their results showed that older 
adults, and particularly those with mild hearing impairment, may 
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experience more energetic masking from undesired speech signals 
when compared to younger adults. 

 One reason for the variability found in speech perception scores 
may be the complexity of the relationship between age and hearing 
status. As Divenyi and Haupt (1997) point out, overall speech under-
standing in babble noise, measured with tests such as the speech-in-
noise test (SPIN; Bilger et   al, 1984), is more affected by peripheral 
hearing impairment whereas tasks that involve spatial (source loca-
tion) or temporal processing (e.g. speech in reverberation) show a 
stronger infl uence of age than hearing acuity. Helfer and Wilber 
(1990) reported not only strong correlations between speech percep-
tion and average high frequency pure-tone thresholds (at 2000, 3000, 
4000, and 6000 Hz), but also a strong correlation between age and 
speech perception in reverberant conditions. However, with only 
eight participants in each hearing impairment / age group, the results 
in this study should be interpreted with care. 

 Therefore, given that speech audiometry is deemed a clinical 
tool that refl ects more realistic listening conditions than pure-tone 
audiometry (Hall, 2008), yet results show large variability amongst 
individuals with mild hearing impairment, it seems that measures 
other than standard pure-tone or speech audiometric testing are 
required to investigate the everyday hearing diffi culties experienced 
by an individual Indeed, as Granberg et   al (2014) point out, while 
activity limitations may be measured with speech perception tests, 
an individual ’ s participation restrictions are not, and participation 

should be assessed using a different method, such as with self-report 
measures.  

 SELF-REPORT MEASURES 
 Speech audiometry and self-report measures are ideally used as 
complementary clinical tools as many speech audiometry results 
show only a moderate correlation, at best, with self-reported hearing 
diffi culties. This was illustrated by Matthews et   al (1990) using the 
Hearing Handicap Inventory for the Elderly (HHIE) scale, which has 
been shown to be a robust and versatile inventory (Ventry  &  Wein-
stein, 1982; Mulrow et   al, 1990). Using 64 participants between 52 
and 77 years, Matthews et   al (1990) could explain only 15 – 22% of 
variance in HHIE scores using word recognition in quiet scores, and 
40% of the variance could be explained by either pure-tone thresh-
olds at 1000 and 2000 Hz or SPIN results. These fi ndings may not be 
surprising as Weinstein and Ventry (1983), in validating the HHIE, 
reported that only 14 – 20% of the variance in the self-report scores 
was accounted for by speech recognition in quiet results. It appears 
that, at least in the case of the HHIE, pure-tone thresholds or SPIN 
results, account for more variance than speech in quiet scores. 

 Kramer and her colleagues found 34% of variance on the intel-
ligibility in quiet section of the Amsterdam Inventory for Auditory 
Disability and Handicap could be explained by speech reception 
thresholds in quiet and 42% by speech reception thresholds in noise 
(Kramer et   al, 1996). A low 20% of the variance on the intelligibility 

  Table 3. Test materials and conditions of cited speech perception studies.  

 Study 
 Test 

material  Condition 
 Characteristics of 
competing noise 

 Number of 
participants  Age of participants 

 Reported correlation between pure-tone 
threshold and speech reception threshold 

(SRT) 

Dubno et   al 
(1984)

Sentences 
and 
spondaic 
words

Earphones Multi-talker 
babble

72 Two groups;  �    44 
years and    �    65 years

Not specifi ed, as correlations were  “ not 
high enough to suggest that pure-tone 
thresholds could accurately predict 
performance in quiet or in noise ”  (p. 93).

Duquesnoy 
(1983)

Sentences Earphones Long-term 
average speech 
spectrum

110 60 – 90 years; mean age 
not reported

Pure-tone thresholds and SRT in quiet 
correlation    �    0.92

Pure tone thresholds and SRT in noise 
correlation    �    0.61

Helfer  &  
Freyman 
(2008)

Sentences Free fi eld Two-talker and 
speech-shaped

24 Two groups; mean 
age 22.67 years and 
71.5 years

High frequency average pure-tone 
thresholds and SRT in noise correlations 
ranged from 0.37 to 0.76 depending on 
masking stimulus and spatial 
confi guration between target and masker

Helfer  &  
Wilber 
(1990)

Nonsense 
syllables

Earphones Reverberation 
and/or cafeteria 
noise

32 Two groups;  �    36 
years and    �    60 years

Pure-tone thresholds and SRT in quiet 
correlation    �    0.75 to 0.88  

Pure-tone thresholds and SRT in noise 
correlation    �    0.71 to 0.88, depending on 
thresholds utilized in the calculations, 
cafeteria noise and/or reverberation

Kramer et   al 
(1996)

Sentences Free fi eld Long-term 
average speech 
spectrum

51 30 – 70 years; mean 
52 years

Pure-tone thresholds and SRT in quiet 
correlation    �    0.61

  Pure-tone thresholds and SRT in noise 
correlation    �    0.53

Smoorenburg 
(1992)

Sentences Earphones Speech-shaped 200  �    55 years Pure-tone thresholds and speech in quiet 
correlation    �    0.55 to 0.72

Pure-tone thresholds and speech in noise 
correlation    �    0.50 to 0.72, depending on 
thresholds utilized in the calculations
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in noise section of the questionnaire could be explained by the speech 
reception thresholds in noise, with speech reception thresholds in 
quiet not being signifi cantly correlated with that section. Kramer 
et   al (1996) found pure-tone thresholds had lower correlations to 
Amsterdam Inventory scores than any speech measure, contrary to 
Weinstein and Ventry (1983) fi ndings for the HHIE. 

 In summary, current audiometric testing may be insuffi ciently 
sensitive and specifi c for those with a mild hearing impairment. 
Perhaps the answer lies in recognizing that common clinical tests 
are appropriate in classifying or quantifying hearing function, but 
more complex auditory function tests are needed. Research in the 
area of  “ hidden hearing loss ”  may also lead to diagnostic tests that 
are suffi ciently sensitive to assess neurodegeneration associated with 
common causes of acquired hearing impairment prior to any sign of 
threshold elevation or for those individuals with slight elevations 
in thresholds but signifi cant hearing disability (Plack et   al, 2014). 
Combined with the use of self-report measures, such diagnostics 
may lead to a clearer picture of an individual ’ s hearing function in 
the real world.   

 HEALTH-RELATED QUALITY OF LIFE 
 Several studies have reported on the outcome of quality of life 
measures with individuals with mild hearing impairment. Bess et   al 
(1991) investigated the activities and participation associated with 
varying degrees of hearing impairment in a group of 152 adults over 
the age of 65 years. The authors used both the Sickness Impact Pro-
fi le (SIP; Bergner et   al, 1981), a generic functional health measure, 
and the HHIE-S, a hearing-specifi c measure. Results from the SIP 
showed the participants with a 3FAHL between 26 and 40 dB HL in 
the better ear reported signifi cantly poorer physical and psychosocial 
functioning than those with average audiometric thresholds between 
0 and 16 dB HL. Participants with a 3FAHL of between 17 and 25 
dB HL reported signifi cant psychosocial, but little physical impact 
from their hearing impairment, compared to participants with aver-
age thresholds between 0 and 16 dB HL. As the psychosocial scales 
of the SIP includes items about social interaction, communication, 
and emotional behaviour, the conclusion can be reached that even 
with a slight hearing impairment of up to 25 dB HL, individuals 
experience activity limitations and participation restrictions. 

 In one of the few studies limited to participants with mild hearing 
impairment, Scherer and Frisina (1998) reported on two groups of 
adults between the ages of 60 and 81 years, representative of the gen-
eral population; one group of 20 with average audiometric thresholds 
between 5.3 to 16.3 dB HL over the range of 250 to 4000 Hz, and 
another with acquired mild hearing impairment with audiometric 
thresholds ranging from 12.8 to 41.3 dB HL over the same frequency 
range. The average hearing impairment at 1000, 2000, and 4000 Hz 
of the fi rst group was 10.7 dB HL, and 25.4 dB HL for the second 
group. Participants were otherwise matched on health and cognitive 
status. Speech tests revealed the group with mild hearing impair-
ment showed signifi cantly worse speech understanding in both quiet 
and noise. This group also reported more activity limitations and 
participation restrictions as a result of their hearing impairment on 
The Communication Profi le for the Hearing Impaired (Demorest  &  
Erdman, 1987), compared to the group of participants with normal 
audiometric thresholds. 

 Newman et   al (1997) utilized the Hearing Handicap Inventory for 
Adults (Newman et   al, 1990) to assess 63 adults between the age 
of 18 and 64 years, with a mild bilateral hearing impairment, or a 
mild unilateral hearing impairment with normal hearing thresholds 

in the other ear. The participants 3FAHL was less than 40 dB HL 
and the average better ear 3FAHL was 22.8 dB HL. While noting 
large individual variability, the study reported that participants with 
mild bilateral hearing impairment reported the emotional impact of 
their impairment to be irritability, feeling upset, and feeling left out 
of social groups. They experienced greater diffi culty than partici-
pants with unilateral hearing impairment in social settings, such as 
restaurants and parties, and with the television and radio. 

 The fi ndings reported by Espmark et   al (2002) contrast markedly 
from those reported thus far in this section. Their study, conducted 
in a city district in Sweden, measured quality of life using a heav-
ily modifi ed version of the Hearing Measurement Scale (Noble  &  
Atherley, 1970) in a group of 154 adults between the age of 70 and 
91. Participants were divided into three groups according to 4FAHL: 
(1) less than 30 dB HL (49%); (2) 30 – 39 dB (22%), and (3) greater 
than 40 dB HL (29%). Reported hearing diffi culties corresponded 
with audiometric thresholds, although most participants reported no 
or only mild quality of life impact due to their hearing. The differ-
ence between the fi ndings of Espmark et   al (2002) and those of, for 
example, Newman et   al (1997) may be due to the average age of 
the participants, being 78 and 48.7 years, respectively. Age effects 
(i.e. decreasing hearing diffi culties with increasing age) have been 
found in several studies investigating self-reported hearing disabil-
ity, possibly a consequence of older adults having fewer communica-
tion demands and being more accepting of their hearing impairment 
(Gordon-Salant et   al, 1994; Sindhusake et   al, 2001). 

 Similarly, Chia et   al (2007) found their 478 participants with 
mild, bilateral hearing impairment to have no signifi cant difference 
in health-related quality of life compared to similar older adults with 
no, or unilateral, hearing impairment. However, the measure used in 
this study was the 36-item Short-Form Health Survey (SF-36; Ware 
 &  Sherbourne, 1992), a generic measure of health functional status. 
The SF-36 may be not be suffi ciently sensitive to hearing-related 
quality of life, particularly in the case of mild hearing impairment 
or when using a small participant sample size (Hickson et   al, 2008). 
The use of an outcome measure specifi c to hearing and quality of 
life is likely to have shown greater effects of hearing impairment, 
a conclusion reached by Stark and Hickson (2004), who used both 
the hearing-specifi c HHIE questionnaire and the SF-36 with their 
sample of 93 older adults. 

 In summarizing the research literature concerning the impact of 
acquired mild hearing impairment, there is suffi cient evidence to 
indicate that while the impact on individuals varies, it can be con-
siderable, leading to noticeable activity limitations and participation 
restrictions. Self-report measures focusing on hearing and communi-
cation appear most sensitive to the experiences of individuals with 
mild hearing impairment. As the most common audiological inter-
vention for acquired hearing impairment is the provision of hearing 
aids, it is of interest to examine the evidence about whether or not 
hearing aids mitigate the impact of mild hearing impairment.    

 Do hearing aids meet the needs of adults with mild hearing 
impairment? 
 In answering the question if hearing aids are meeting the needs of 
those with mild hearing impairment, it is important to defi ne what is 
meant by  ‘ meeting a need ’ . This review found a number of studies 
using quality of life improvements to defi ne successful hearing-aid 
outcomes (Mulrow et   al, 1990; Chisolm et   al, 2007); these will be 
discussed later in this section. Other relevant studies have measured 
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hearing-aid outcomes in terms of use, benefi t and/or satisfaction with 
devices. Although some studies have shown a relationship between 
the three concepts (Dillon et   al, 1999; Joore et   al, 2002; Abdel-
laoui  &  Huy, 2013), others reported no such relationship between 
hearing-aid use, benefi t, and satisfaction (Hutton  &  Canahl, 1985) 
and some report a correlation between two of the three constructs. 
For example, Kricos (1997) and Salomon et   al (1988) found a strong 
relationship between hearing-aid use and satisfaction, although it is 
unclear which is cause and which is effect. In fact, the consensus is 
that use, benefi t, and satisfaction are separate constructs and should 
be measured as such (Cox et   al, 1991; Dillon et   al, 1997). 

 Just as the relationship between hearing-aid use, benefi t, and sat-
isfaction may not be clear, a further diffi cult aspect of reviewing the 
available research literature in this context is that few studies have 
focussed on outcomes of hearing-aid fi tting for individuals with a 
mild hearing impairment only.  

 DEGREE OF HEARING IMPAIRMENT 
 Most of the studies reviewed for this paper included participants with 
hearing impairment varying from mild to moderately severe and the 
majority report that there is no association between satisfaction or 
benefi t and degree of hearing impairment (Scherr et   al, 1983; Dil-
lon et   al, 1997; Brooks  &  Hallam, 1998). For example, in a study 
of hearing-aid outcomes of 98 adults with average 3FAHL between 
10 and 60 dB HL, Dillon et   al (1997) concluded that  “ the use of 
average hearing loss as a predictor of likely benefi t appears to be 
totally without support ”  (p. 40). 

 This was also a conclusion reached by Mulrow et   al (1990), who 
interviewed 188 older adults (average age of 72 years), 70% of 
whom had a mild hearing impairment, defi ned as a 3FAHL (500, 
1000, and 2000 Hz) between 0 and 40 dB HL in the better ear. Par-
ticipants were randomly assigned to either a hearing-aid fi tting group 
or to a waiting list and a variety of hearing-specifi c (e.g. HHIE) 
and generic outcome measures (e.g. Self-evaluation of Life Func-
tion) were administered pre- and post-fi tting. The baseline measures 
showed 63% of all participants reported severe activity limitations 
and participation restrictions due to hearing impairment and 20% 
reported mild to moderate effects. Communication diffi culties were 
rated as moderate by 85% and depression was noted in 23%. Post-
fi tting, the hearing aid group showed signifi cant improvements in 
self-reported activities and participation, as well as depression, com-
pared to the waiting list group. These changes were not correlated 
with degree of hearing impairment, suggesting that those with mild 
impairment showed similar benefi ts to those with greater degrees 
of impairment. 

 Stark and Hickson (2004) did fi nd degree of hearing impairment 
to infl uence the degree of change in outcome scores pre- and post-
fi tting. The 93 participants with predominantly mild hearing impair-
ment (67% with a 3FAHL in the better ear of up to 35 dB HL; 91% 
with a 3FAHL up to 45 dB HL) reported signifi cant reductions in 
activity limitation and participation restrictions post-fi tting, as mea-
sured by the HHIE, particularly for those with a 3FAHL of greater 
than 35 dB HL. The researchers suggest this could be attributed to 
the better HHIE scores pre-fi tting for those with a milder degree of 
hearing impairment, and therefore less scope for further improve-
ment. HHIE scores also improved signifi cantly to a greater extent 
for those who wore their hearing aids more than four hours per day, 
compared to the participants who wore their hearing aids less than 
1one hour per day. 

 In assessing the evidence of the impact of the provision of hear-
ing aids on quality of life, a systematic review by the American 

Academy of Audiology (AAA) Task Force on the Health-Related 
Quality of Life Benefi ts of Amplifi cation in Adults found 16 relevant 
studies (Chisolm et   al, 2007). In all studies, the participants had 
an average age of over 60 years, and a mild to moderate degree of 
hearing impairment. Chisolm et   al (2007) reported generic measures 
of quality of life, such as the SF-36, showed negligible effect, when 
comparing pre-fi tting and post-fi tting results, whereas measures spe-
cifi c to hearing, for example the HHIE, showed hearing aids could 
bring about signifi cant improvements in participants ’  activities and 
participation. Care should be taken in interpreting these results for 
adults with mild hearing impairment, however, as the authors did 
not report the intervention improvements specifi cally to degree of 
hearing impairment.   

 HEARING HELP-SEEKING 
 One of the limitations in reviewing the scientifi c literature assessing 
hearing-aid benefi t for participants with mild hearing impairment is 
that these studies include only those who sought help through ampli-
fi cation; many with a mild degree of hearing impairment may not 
seek help. This suggests that participants in these studies experienced 
more activity limitations as a result of their hearing impairment than 
others with a similar mild impairment, and would therefore have the 
potential to obtain greater benefi t from hearing aids. Rather than 
using self-report measures, Davis (2003) used objective speech tests 
as indicators of benefi t. Defi ning benefi t as a difference in speech 
test scores, Davis (2003) used the Four Alternate Auditory Feature 
(FAAF; Foster  &  Haggard, 1987) test under headphones, simulat-
ing no amplifi cation and amplifi cation with 343 adults. Using these 
results as the basis for extrapolation, he calculated that 20% of adults 
between 55 and 74 years with a 4FAHL in the worse ear between 25 
and 29 dB HL could benefi t from amplifi cation. The percentage of 
people predicted to benefi t from amplifi cation increased to 60% of 
adults with a 4FAHL in the worse ear between 30 and 34 dB HL, and 
to 70% of adults with a 4FAHL between 35 and 39 dB HL. Interest-
ingly, the percentage of adults with hearing impairment of greater 
than 40 dB HL who could expect benefi t stayed at an average of 70% 
as 4FAHL increased. Therefore, based on this predictive model, the 
proportion of adults with mild hearing impairment who could benefi t 
from amplifi cation was similar to individuals with greater degrees 
of impairment (Davis, 2003). 

 It seems therefore that there is suffi cient evidence that hearing aids 
can meet some of the needs of individuals with mild hearing impair-
ment, but is subjective benefi t correlated with the characteristics of 
the hearing aid, such as style or technology features?   

 HEARING-AID TECHNOLOGY 
 Hickson et   al (2014) found insertion gain, defi ned as the difference 
between real-ear unaided gain and real-ear aided gain, to be the only 
audiological factor signifi cantly correlated to successful hearing-aid 
use, which was defi ned as self-reported benefi t and regular use. 
A group of unsuccessful hearing-aid users (n    �    75) was compared 
to a group of successful users (n    �    85) and the successful users had 
insertion gain values closer to the NAL-NL1 target values. The style 
of the hearing aid did not predict hearing-aid outcome, whereas non-
audiological factors such as attitude to hearing aids, support from 
others, self-reported hearing handicap and hearing-aid self-effi cacy, 
or an individual ’ s confi dence in their ability to use a hearing aid, 
did. The relationships between specifi c hearing-aid features and out-
comes were not investigated, although the authors noted that suc-
cessful hearing-aid users reported greater self-effi cacy for advanced 
handling of the hearing aid than unsuccessful aid users. 
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 Yueh et   al (2001) reported a signifi cant relationship between 
hearing-aid technology and benefi t. In a randomized trial of differ-
ent amplifi cation devices, the researchers assigned a total of 60 men 
between the age of 50 and 86 years to either a control group, or to 
groups provided with assistive listening devices, nonprogrammable 
omnidirectional microphone hearing aids or programmable direc-
tional microphone hearing aids. There was no signifi cant difference 
in the pure-tone average hearing impairment between the groups, 
which ranged from 31.5 to 34.6 dB HL at 500, 1000, and 2000 Hz. 
The two groups fi tted with hearing aids showed signifi cant improve-
ment in HHIE scores compared to the control and assistive listening 
device groups. These differences were also evident when partici-
pants rated their communication abilities using the Abbreviated Pro-
fi le of Hearing Aid Benefi t (APHAB; Cox  &  Alexander, 1995) and 
the revised Denver Scale of Communication Function (Tuley et   al, 
1990). Comparing the two hearing-aid groups, the participants with 
programmable directional hearing aids reported greater improve-
ment in HHIE scores than those with non-programmable omnidi-
rectional hearing aids. Although randomized to intervention groups, 
the participants were not blinded to the type of hearing aid they were 
provided, which may have introduced bias in their self-report scores. 
In a double-blind study by Gnewikow et   al (2009), directional micro-
phones were also seen to provide benefi t using both subjective and 
objective measures. Their 32 participants with mild hearing impair-
ment showed signifi cantly better speech in noise scores, using the 
Hearing-in-Noise Test (HINT; Nilsson et   al, 1994), in the directional 
compared to the omnidirectional condition. 

 While the Yueh et   al (2001) and Gnewikow et   al (2009) studies 
concluded hearing-aid features, specifi cally directional microphones, 
can improve speech in noise scores and thereby provide signifi cant 
benefi t, these improvements may not be limited only to individu-
als with mild hearing impairment. Gnewikow et   al (2009) showed 
the degree of benefi t obtained from directional microphones was not 
related to the degree of hearing impairment, although a non-signifi cant 
trend for subjective preference for directional microphones in quiet 
situations was noted for the mild hearing impairment group. 

 A number of studies have suggested a limiting factor to success-
ful fi ttings for clients with mild hearing impairment is the fact that 
they experience either occlusion or feedback in different listening 
situations before benefi t can be achieved (Chung, 2004; Valente  &  
Mispagel, 2008). More recently open-fi t hearing aids and advances 
in feedback cancellation systems may mean that such limitations 
have been addressed and appropriate amplifi cation can be provided 
without feedback or occlusion (Flynn, 2004; Kuk  &  Keenan, 2005; 
Klemp  &  Dhar, 2008; Valente  &  Mispagel, 2008). 

 In assessing the benefi ts of open-fi t hearing aids, the Klemp and 
Dhar (2008) study of 16 older adults with a mean 4FAHL of 34 
dB HL showed improved speech in noise understanding, using the 
HINT, when the hearing aids were in the directional mode compared 
to the omnidirectional mode. In fact, speech perception in the omni-
directional mode was worse than unaided scores. Valente and Mispagel 
(2008) used both speech in noise (HINT) and subjective benefi t mea-
sures (APHAB) with 26 new hearing-aid wearers with, on average, 
mild hearing impairment. Although speech in noise scores were not 
signifi cantly better with the open-fi t hearing aid in the omnidirec-
tional microphone mode compared to unaided, the speech scores in 
the directional mode, as well as the scores on the APHAB, were 
signifi cantly better than unaided. In summary, the evidence about 
hearing-aid feature benefi ts for people with mild hearing impairment 
is limited, with a small number of studies suggesting that directional 

microphones are benefi cial for speech understanding in noise, and 
may be preferred in all listening situations. 

 As a whole, the research literature indicates that hearing aids 
have the potential to improve quality of life and provide satisfaction 
and benefi t for individuals with mild hearing impairment. There is 
some evidence that more recent hearing-aid technologies can better 
address the needs of those with mild hearing impairments, however 
a few studies have shown deleterious hearing-aid effects in specifi c 
listening situations, such as omnidirectional microphones in speech 
in noise conditions (Klemp  &  Dhar, 2008). Care should be taken that 
hearing aids address needs in both easy as well as diffi cult listen-
ing situations. Future research could explore the most appropriate 
hearing-aid characteristics for individuals with mild hearing impair-
ment when in quiet situations, as well as in noisier environments.     

 Conclusion 

 This review has highlighted that the research literature concerning 
mild hearing impairment shows large individual variability in many 
aspects. Although there is no universal pure-tone audiometric defi ni-
tion of mild hearing impairment, it is easy to apply a defi nition in 
terms of frequency and threshold boundaries, but the evidence shows 
that this does not go any way to revealing the true impact of mild 
hearing impairment on an individual. Unfortunately other audiomet-
ric measures such as speech testing do not appear to add much more 
information for clinicians who regularly see this population in their 
clinics. It is therefore important to keep in mind that the best indi-
cators of mild hearing impairment are the daily experiences of the 
individuals, which also vary widely. Some clients will report few 
activity limitations and participation restrictions while others experi-
ence severe impact on daily activity and participation, particularly in 
social settings and other challenging listening environments. There 
is a need for greater understanding of the diffi culties associated with 
mild hearing impairment as well as further investigation of the most 
appropriate measures of such diffi culties. Research should aim to 
understand the context of the listening environments and tasks for 
this clinical population, with a view to developing guidelines for 
clinicians faced with determining intervention candidacy. 

 The most common intervention, the provision of hearing aids, 
can potentially address the needs of individuals with mild hearing 
impairment although this review found a distinct lack of higher level 
research evidence, such as randomized controlled trials, demonstrat-
ing hearing-aid benefi t for this clinical population. It is hoped that 
modern hearing-aid advancements can better address the needs of 
people with mild degrees of impairment. Future research could 
focus on appropriate amplifi cation, signal processing strategies and 
handling aspects designed specifi cally for people with mild hearing 
impairments, ensuring benefi t in daily life and in as many listening 
situations as possible. 

 While this review focused on the provision of hearing aids as it is 
the most common intervention strategy for individuals with hearing 
impairment, other rehabilitation strategies may be equally benefi cial 
for those with mild hearing impairment. Options include telephone 
amplifi cation, personal sound amplifi cation products, auditory train-
ing, or educational programs. Indeed, the uptake of these alternative 
strategies may indicate a phase or continuum of intervention options 
for those with mild hearing impairment, with the adoption of hear-
ing aids being a later phase. In terms of candidacy and choosing 
appropriate intervention solutions, clinicians are likely to fi nd their 
patients ’  self-reported hearing disability to be a more effective guide 
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in decision making than any current audiometric testing (Laplante-
L é vesque et   al, 2012). 

 In all, the development of more appropriate audiological assess-
ment in the clinic, and further evaluation of the real-world listen-
ing needs and performance of people with mild hearing impairment 
is required in order to provide a more effective pathway for this 

clinical population.        
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The Use of Listening Devices to Ameliorate Auditory Deficit in
Children with Autism

Gary Rance, BEd, DipAud, MSc, PhD1, Kerryn Saunders, MBBS(Hons), RACP2, Peter Carew, BSc, MAud1,

Marlin Johansson, BSc, MAud3, and Johanna Tan, BSc, MAud1

Objectives To evaluate both monaural and binaural processing skills in a group of children with autism spectrum
disorder (ASD) and to determine the degree to which personal frequency modulation (radio transmission) (FM)
listening systems could ameliorate their listening difficulties.
Study design Auditory temporal processing (amplitude modulation detection), spatial listening (integration of
binaural difference cues), and functional hearing (speech perception in background noise) were evaluated in 20 chil-
dren with ASD. Ten of these subsequently underwent a 6-week device trial in which they wore the FM system for up
to 7 hours per day.
Results Auditory temporal processing and spatial listening ability were poorer in subjects with ASD than in
matched controls (temporal: P = .014 [95% CI �6.4 to �0.8 dB], spatial: P = .003 [1.0 to 4.4 dB]), and per-
formance on both of these basic processing measures was correlated with speech perception ability (temporal:
r = �0.44, P = .022; spatial: r = �0.50, P = .015). The provision of FM listening systems resulted in improved
discrimination of speech in noise (P < .001 [11.6% to 21.7%]). Furthermore, both participant and teacher ques-
tionnaire data revealed device-related benefits across a range of evaluation categories including Effect
of Background Noise (P = .036 [�60.7% to �2.8%]) and Ease of Communication (P = .019 [�40.1%
to �5.0%]). Eight of the 10 participants who undertook the 6-week device trial remained consistent FM users
at study completion.
Conclusions Sustained use of FM listening devices can enhance speech perception in noise, aid social interac-
tion, and improve educational outcomes in children with ASD. (J Pediatr 2014;164:352-7).

A
typical responses to sensory stimuli across a number of modalities including the visual, tactile, and auditory are
frequently reported and are now a mandatory component of autism spectrum disorder (ASD) diagnosis as specified
in the Diagnostic and Statistical Manual of Mental Disorders–Version 5.1 Aberrant reactions to auditory stimuli were

noted in Kanner’s original article on autism2 and recent evidence has suggested that a high proportion of affected children suffer
auditory processing deficits that particularly disrupt the ability to hear and understand speech in the presence of background
noise.3-5 Identification and appropriate management of hearing problems in this population are especially important as audi-
tory deficits can, in themselves, restrict social and communication development.6

There are 2 main approaches to reducing functional hearing deficit in children with listening-in-noise (figure/ground) prob-
lems. The first is to improve the quality of the signal reaching the child’s ear, and the second is to train him/her to make the best
use of that signal. In the case of the latter, results of training programs for children with ASD have not been reported, but there is
a growing amount of literature suggesting that figure/ground deficit may be ameliorated through targeted auditory habilita-
tion.7-9

Optimization of the listening environment (particularly in the school setting) is important and can be achieved through
structural modifications (fitting of ceiling tiles, carpets, etc) and sound field (loudspeaker) amplification of the teacher’s
voice.10 Another option is the use of personal frequencymodulation (radio transmission) (FM) listening systems. These devices
transmit speech signals (detected by a lapel microphone worn by the speaker/teacher) via radio waves to ear-level receivers worn
by the child. As such, they improve the signal-to-noise ratio as the speech is louder, relative to the background noise at the
child’s ear. FM devices have been used effectively to minimize listening problems for children with cochlear hearing loss,11 cen-
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tral auditory processing deficit,12 and auditory neuropathy.13 Furthermore, a
recent pilot investigation by Schafer et al14 has shown listening benefits for
ASD children wearing FM systems for short periods in “structured” educational
situations. The sustained use of these devices in mainstream classroom environ-
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Table. Characteristics of the study participants with ASD

Subject Sex Age at assessment, y
Average hearing

level, dBHL CARS
Other ASD
evaluations WISC-IV (FSIQ)

ASD1 Male 15.4 13.75 31 - 106
ASD2 Male 15.2 10.00 39 - 104
ASD3 Male 15.1 5.00 35 - 94
ASD4 Male 14.8 8.75 34 - 92
ASD5 Male 14.2 3.75 36 - 94
ASD6 Male 13.5 5.00 36 - 86
ASD7 Female 13.4 13.75 30 - 91
ASD8 Male 13.0 10.00 33 - 83
ASD9 Male 12.6 13.75 35.5 - 71
ASD10 Male 12.5 8.75 37.5 - -
ASD11 Male 12.0 6.25 - BASC II/ADOS 95
ASD12 Male 11.7 10.00 32 - 89
ASD13 Female 11.6 15.00 36 - 72
ASD14 Male 11.4 8.75 35.5 - 84
ASD15 Male 11.2 9.25 27 99
ASD16 Male 10.0 10.00 - BASC III/ASSQ/CBCL 89
ASD17 Male 9.1 6.25 33.5 - -
ASD18 Male 9.1 11.25 36.5 - -
ASD19 Male 9.0 6.25 31 - 106
ASD20 Female 8.0 3.75 <30 CBCL/ADI-R -

Average hearing level, 4-frequency average hearing level based on sound detection obtained to pure tones at 500-, 1000-, and 4000-Hz test frequencies; HL, hearing level; CARS, Childhood Autism
Rating Scale; WISC-IV (FSIQ), Wechsler Intelligence Scale for Children IV (Full-Scale IQ); BASC II/III, Behavioral Assessment System for Children II/III; ADOS, Autism Diagnostic Observation Schedule;
ASSQ, Autism Spectrum Screening Questionairre; CBCL, Child Behavior Checklist; ADI-R, Autism Diagnostic Interview-Revised.
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We conducted the present study to explore the hypothesis
that provision of FM listening devices would enhance speech
perception in noise, aid communication, and improve
educational outcomes for children with ASD.

Methods

Twenty children with ASD participated. The disorder was
confirmed in each case via a multidisciplinary clinical assess-
ment using a range of instruments including the AutismDiag-
nostic Interview15,16 and Childhood Autism Rating Scale17

(Table). Only children with no known coexisting disabilities
and Full-Scale IQ, Wechsler Intelligence Scale for Children18

values >70 were referred for the study. Sound detection
ability was normal in each case. All participants could speak
and understand/follow verbal instructions and all attended
their local (mainstream) school. None of the children were
receiving academic in-class support at the time of the study.

Participant age at assessment ranged from 8.0 to 15.4 years
with a mean � SD of 12.0 � 2.3 years. The 10 younger chil-
dren (ASD11-20) were enrolled in primary-school settings,
and the 10 older participants (ASD1-10) were secondary-
school students.

A cohort of age- and sex-matched control participants was
also evaluated. Age at data collection was within 12months of
the ASD partner, and each control was screened to ensure
normal cognitive profile and to confirm that they were not
on the autism spectrum (Childhood Autism Rating Scale
score <20).

The research protocol was approved by the Ethics Com-
mittee of the Royal Victorian Eye and Ear Hospital, and writ-
ten informed consent was obtained for each participant. Each
subject began by completing (alone or with parental assis-
tance) a hearing disability questionnaire—the Abbreviated
Profile of Hearing Aid Benefit (APHAB). This metric ex-
plores 4 aspects of auditory function: communication diffi-
culty, effect of background noise, effect of reverberation,
and aversiveness to sound. Participants then underwent a
battery of auditory assessments designed to evaluate aspects
of basic auditory processing and functional hearing.
Auditory temporal processing ability was established psy-

chophysically using the techniques described by Alc�antara
et al.4 Thresholds for detection of sinusoidal amplitude mod-
ulation in a broadband noise were established for a range of
modulation rates and plotted as a temporal modulation
transfer function.19 Overall, sensitivity to modulation was es-
tablished by calculating a y-intercept value (reflecting the
height of the function), and the temporal constant (t) was
derived from �3-dB knee point in the function.
Binaural processing, the ability to effectively combine in-

puts from the left and right ears, was evaluated using the
Listening in Spatialized Noise test.20 This test measured the
listener’s capacity to use subtle interaural difference cues to
improve sentence perception in background noise.21

Open-set speech perception ability was evaluated using the
Consonant-Nucleus-Consonant-Word test.22 Testing was
carried out in the free field with the subject seated between
2 loudspeakers. The front speaker presented a series of mono-
syllabic words calibrated to reach the child at 65 dB sound
pressure level, while a rear speaker provided noise (4-talker
babble) at the same level. The subject imitated the stimulus
words, and a percentage of discriminated phonemes (speech
sounds) was calculated by the examiner. Following this “un-
aided” assessment, the child was fitted with a Phonak Inspiro
FM transmitter paired with iSense receivers (Phonak Org,
Murten, Switzerland). The FM receivers are small devices
that sit behind each pinna and are held in place by a soft,
vented rubber earpiece inserted into the ear canal. Once the
353
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child was comfortable with the fitting, speech testing was
repeated in the “FM-aided” condition with the transmitter
microphone suspended 20 cm in front of the “speech” loud-
speaker to replicate device distance (from the teacher’s
mouth) in everyday use.13

Day-to-day listening ability was investigated in the
primary-school ASD group (n = 10) across a 6-week, take-
home device trial. A balanced design (ABBA) was used,
involving 2-week periods of device use (B) and 2-week pe-
riods of nonuse (A) to allow for learning/experience effects.
During “device-on” phases, the children (and teachers/par-
ents) were encouraged to wear the system throughout the
day. Four to 6 hours of sustained use per day was typical.
Subjects (with parent support as required) completed the
APHAB questionnaire after each 2-week phase. At the
conclusion of the trial, the child’s teacher provided an evalu-
ation of classroom/educational benefit by completing the
Listening Inventory For Education questionnaire.23

The data were analyzed by the first author (G.R.) using
paired t tests and multiple regression analyses unless other-
wise stated.

Results

Hearing Disability Survey
The children with ASD in this study considered their
everyday listening ability and conversational understanding
to be impaired in a wide range of circumstances. Mean
APHAB scores (representing the proportion of situations in
which the individual perceived a difficulty) were significantly
higher in this group than in controls across a range of percep-
tual and communication subscales (P < .001) (Figure 1).

Multiple regression analysis was used to look for associa-
tions between APHAB result and subject group. As subject
354
age and hearing level can influence listening ability, these fac-
tors were also included in the analysis. No relation was found
between Global APHAB score and either age (P = .060) or
hearing level (P = .799), but subject group was a significant
factor (P < .001).

Auditory Temporal Processing
Fourteen children with ASD were able to reliably complete
the psychophysical temporal processing task. Detection of
amplitude modulation in these subjects was significantly
impaired relative to matched controls. Figure 2 shows
mean modulation-depth thresholds for ASD and control
groups. For children in both cohorts, the temporal
modulation transfer function showed the typical low-pass
filter pattern (indicating that high-rate modulation was
more difficult to perceive than low-rate modulation), and
mean t values were equivalent (ASD 1.1 � 0.3 ms, control
1.4 � 0.3 ms, 95% CI �2.8 to 122 ms; P = .061). Children
with ASD were, however, consistently less sensitive to
amplitude variations over time, showing higher detection
thresholds for each modulation rate. Mean y-intercept
value for the ASD group was �16.3 � 2.5 dB and that for
the control group was �19.9 � 3.7 dB (95% CI �6.4 to
�0.8 dB; P = .014).
Regression analysis found no relation between y-intercept

value and hearing level (P = .200), but age at assessment (P =
.006) and subject group (P = .001) were significant factors re-
flecting poorer sensitivity to temporal changes in the younger
participants and those with ASD.

Spatial Processing
Binaural processing was also impaired in the children with
ASD. Spatial advantage (Listening in Spatialized Noise test)
is the speech-in-noise improvement (in dB) obtained when
the origin of a target signal is spatially separated from that
of a background noise.24 Mean spatial advantage for the
ASD group was 9.2 � 3.2 dB and that for the control group
was 11.9 � 1.4 dB (95% CI 1.0-4.4 dB; P = .003). Regression
Rance et al
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Mean phoneme score for the unaided condition was 68.9%�
11.7%, and that for the aided condition was 85.6% � 5.1%
(95% CI �21.7% to �11.6%; P < .001). B, APHAB hearing
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tions. Error bars represent 1 SEM. Asterisks represent the
metrics in which there was a significant difference between
conditions (P < .001). CNC, Consonant-Nucleus-Consonant.
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analysis showed no relation between spatial advantage and
either subject age (P = .192) or hearing level (P = .484) but
did reveal a significant correlation with subject group (P =
.001), indicating poorer binaural integration in participants
with ASD than in controls.

Open-Set Speech Discrimination
Speech perception in noise was poorer in participants with
ASD than in matched controls (P = .009). Results for each
child with ASD are shown in Figure 3, A. Regression
analysis showed no relation between phoneme score and
either subject age (P = .722) or hearing level (P = .074) but
did reveal a correlation with subject group (P = .008),
indicating poorer functional hearing in participantswithASD.

Open-Set Speech Perception (FM Aided). Children in
both subject groups showed significant speech perception
improvement when fit with the FM listening system. Mean
phoneme score for the children with ASD increased to
The Use of Listening Devices to Ameliorate Auditory Deficit in Ch
85.6% � 5.1% with a mean aided improvement of 16.9 �
10.6% (95% CI 11.6%-21.7%; P < .001) (Figure 3, A).
Mean FM-aided score for the control group was 89.1% �
4.0% and mean improvement was 10.1% � 7.0% (95% CI
6.9%-13.4%; P < .001). Multiple regression showed no
relation between aided improvement and either age (P =
.539) or hearing level (P = .425) but a significant
correlation with subject group (P = .039), indicating that
participants with ASD had greater device benefit than
controls.

FM Device Trial
Eight of the 10 children with ASD who started the 6-week de-
vice trial were still consistent users at the end of the evalua-
tion period. The 2 who failed to complete (ASD13 and
ASD16) became nonusers in the first 2-week phase and pro-
vided no data beyond the initial fitting session.

Hearing Disability. For the children who completed the
trial, FM device use afforded significant listening and
communication benefits. APHAB Global scores across the 4
data collection points were Unaided1: 38.6% � 18.4%,
Aided1: 17.0% � 5.0%, Aided2: 13.8% � 8.4%, and Un-
aided2: 41.6% � 23.4%. ANOVA showed a significant point
difference (F3,28 = 6.73, P = .001). Post-hoc analysis found
that both aided data points were significantly lower than
the unaided (P < .05). As no difference was obtained between
the 2 aided and 2 unaided points, the data were collapsed.
Figure 3, B shows mean unaided and FM-aided scores
across the 4 listening categories.

Classroom Listening. The Listening Inventory For Edu-
cation questionnaire was completed by each teacher at the
trial conclusion. This metric generates a Total Appraisal
Score between �35 and +35, on which a negative value indi-
cates that classroom performance was adversely affected by
the intervention and a positive value denotes a device-
related improvement. The Total Appraisal Score for each
child was in the positive range, reflecting a perceived
improvement in listening/comprehension, classroom
behavior, and general attentiveness. Mean score for the group
was 24.2 � 8.2, indicating that the teachers considered the
FM device fitting to be “highly beneficial” for each of the chil-
dren who completed the study.

Discussion

Children with ASD suffer auditory figure/ground problems
severe enough to exacerbate the communication deficits cen-
tral to the disorder and to delay academic progress. The most
significant predictor of educational performance in children
with ASD is their ability to understand speech and maintain
concentration in the presence of background noise.25 The
mechanisms underlying figure/ground deficit in ASD are
yet to be fully determined. Coexisting disabilities, such as
attention deficit, language disorder, and intellectual impair-
ment (all relatively common in ASD populations), are likely
ildren with Autism 355
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to exhert an influence.3,26 Another limiting factor is the rep-
resentation of acoustic stimuli in the central auditory path-
ways. Electrophysiologic investigation has shown neural
conduction abnormalities extending from brainstem to cor-
tex in ASD listeners,27-30 and recent psychophysical studies
have revealed specific processing deficits affecting the percep-
tion of timing cues.3,4 Temporal processing was impaired in
the present study with most individuals showing reduced
sensitivity to signal-envelope changes over time consistent
with abnormality at the level of the inferior colliculus and/
or increased levels of neural noise.4

The link between auditory temporal deficit and figure/
ground problems is well established.4,13 In the current study,
temporal processing ability was strongly correlated with
speech perception in noise, with those children showing the
poorest sensitivity to temporal modulation also presenting
with the poorest phoneme scores (r = �0.440, P = .022).
Impaired temporal sensitivity can influence figure/ground
perception in a number of ways. Most obviously, it affects
“gap-listening,” the ability to use the brief, relatively quiet pe-
riods that occur in environmental noise to access the speech
signal.3 Furthermore, temporal abnormality can impair the
individual’s capacity to use spatial cues when listening in
noise. In everyday listening, integration of subtle interaural
timing, level, and spectral differences allows the individual
to perceive a 3-dimensional auditory environment and to pre-
cisely judge sound direction. Sound localization cuesmay also
be used to improve speech perception in noise when the target
signal and the background noise arise from different loca-
tions.19,31 In the current study, ASD children were signifi-
cantly impaired in their ability to use these cues and, again,
degree of binaural disruption (ie, spatial advantage)was corre-
lated with temporal processing ability (r = �0.500, P = .015).

Despite clear evidence that FM listening systems can
improve listening and educational outcomes in other
hearing-impaired populations, these systems have not yet
been explored as an intervention option for children with
ASD, perhaps reflecting concerns about device tolerance in
cases with intellectual impairment and/or tactile defensive-
ness. Schafer et al14 did carry out a limited trial that showed
improvements in brief (45-minute), structured listening ses-
sions. Our study evaluated sustained FM use in the main-
stream school classroom.

The signal-to-noise ratio advantage provided by the FM
listening device resulted in clear perceptual benefits. While
unaided speech perception for many children with ASD was
severely depressed (with 10/20 scoring outside age-related
norms on the Consonant-Nucleus-Consonant-Word test32),
each participant improved when FM-aided and all showed
speech scores equivalent to, or better than, the (unaided) level
of their matched control, even without any training or device
experience.

Eight of the 10 participants who undertook the device trial
were content to wear the FM system for prolonged periods in
a range of listening conditions. One child who failed to adjust
had overriding tactile sensitivity issues and could not tolerate
the FM receiver for more than a few minutes. The other child
356
was newly diagnosed at the time of the study and lacked fam-
ily support.
FM device use afforded clear listening and communication

benefits for each of the trial participants. All reported fewer
background noise problems and greater ease of social interac-
tion during aided phases of the protocol. Furthermore, it was
the opinion of the teachers that each ASD child showed
consistent improvement in comprehension, attentiveness,
and classroom behavior when wearing the device.
This study represents an attempt to implement consistent

FM device use in a mainstream classroom context. There
were several limitations that can be addressed in future
research, First, while effect sizes were large and consistent
across participants, the trial involved a small number of sub-
jects (N = 10). Second, the use of questionnaire data involves
the possibility of participant bias. We used a balanced trial
design and found that survey results in the final weeks of
the trial were similar to those in the initial phases, suggesting
that “halo” effects were not an issue. Still, it is possible that
subjective bias may have been a factor in the results.
The psychophysical and subjective test methodologies

involved in this study required that only “high-functioning”
ASD children could participate. The efficacy of FM fitting in
children lower on the spectrum is not established. It is likely
that ASD children with severe behavioral issues or coexisting
disabilities also suffer auditory processing deficits, but the
practical difficulties associated with fitting a head-worn de-
vice in such cases may be prohibitive. Auditory intervention,
as with all aspects of ASD management, needs to be consid-
ered on a case-by-case basis.
The findings of the present study confirm that hearing dif-

ficulties are common in ASD. Children in this study were not
selected based on hearing history, yet 12 of 20 (60%) met the
clinical definition of central auditory processing disorder,
scoring >2 SDs poorer than age-related means on temporal
processing and/or speech-in-noise tasks. The use of FM
listening devices ameliorated these auditory processing prob-
lems, resulting in listening, attention, and social interaction
improvements, and appear to be a viable auditory manage-
ment option for some children with ASD. n
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 Syndromic hearing loss: An update      

    ALESSANDRO     CASTIGLIONE  1  ,       MICOL     BUSI  2     &         ALESSANDRO     MARTINI  1    

  1 Department of Neurosciences, C.O.U. of Otorhinolaryngology and Otosurgery, University Hospital of Padua, and 
 2  Department of Medical & Surgical Disciplines of Communication and Behavior, University of Ferrara, Italy                             

  Abstract 
 Hearing impairment is one of the commonest clinical conditions. It has been estimated that approximately 1 in 10 persons 
has hearing concerns. Further epidemiological studies have found that the percentage of the general population with hear-
ing loss greater than 45 dB HL and 65 dB HL is 1.3% and 0.3%, respectively, between 30 and 50 years of age; and 2.3% 
and 7.4% between 60 and 70 years of age. The prevalence of childhood and adolescent hearing loss is around 3%. At birth, 
between one and two out of 1000 newborns are affected by hearing loss of such a degree as to require treatment (auditory 
training and rehabilitation, hearing aids or cochlear implantation). To summarize, hearing impairment affects up to 30% 
of the international community and estimates indicate that 70 million persons are deaf. The causes of hearing loss differ 
and they can vary in severity and physiopathology. In many cases it is not possible to defi ne a defi nite aetiology. Neverthe-
less, it is known that most are due to a genetic cause and among these the majority appear in a non-syndromic form. The 
aetiology of hearing loss in children is unknown in 40% of cases, genetic non-syndromic in 30%, and genetic syndromic 
in 3 – 5%. The two most common genes involved in hearing loss are  GJB2  and  SLC26A4 . Mutations in these genes can be 
responsible for syndromic hearing loss, as keratitis ichthyosis deafness (KID) and Pendred syndromes, respectively, or non-
syndromic hearing loss (as DFNB1 and DFNB4, respectively). DFNB1 with  GJB2  mutations is the most common non-
syndromic form and Pendred syndrome is the most common syndromic form. Neither of these last two is usually 
characterized by congenital macroscopic dysmorphic features, and affected children can be generally considered as well 
babies. Nonetheless, 2 –   4% of live births have congenital malformations, most commonly caused by multifactorial defects, 
followed by chromosomal disorders, single gene mutations and teratogens (alcohol, drugs). 

 Some of these conditions could directly affect the auditory system and be responsible for sensorineural, conductive or 
mixed hearing loss. The London Dysmorphology Database lists approximately 400 syndromes that include hearing loss 
among the clinical features. Other conditions such as cystic fi brosis are not usually responsible for hearing loss but they 
can indirectly affect the auditory system as a consequence of the management of the disease. Other systemic disorders can 
lead to hearing impairment when the disease involves a part of the auditory system from the external ear to the auditory 
cortex. From this standpoint there are a huge number of syndromes or conditions that can directly or indirectly cause 
hearing impairment. They can be responsible for congenital or prelingual, progressive and post-lingual hearing loss, with 
sensorineural, mixed or conductive defi cits. In this updating research we have focused on syndromic forms that are known 
to be associated with hearing loss or that directly affect the auditory system. Some conditions of particular interest, or with 
high incidence, are also included.  

  Keywords:   hearing   impairment  ,   syndrome  ,   syndromic hearing loss  ,   non-syndromic hearing loss   

  Introduction 

 The term  ‘ syndrome ’ , from the Greek  σ  υ  ν  δ  ρ  μ  ή  
(course along with, together), defi nes an association 
or concurrence of clinically recognizable signs 
(objectives, that can be observed by someone 
other than the patient) and symptoms (subjectives, 
reported by the patient) with unknown, unclear or 
various aetiology, that involves at least two different 
organs, apparatus or systems. We also call  ‘ syndrome ’  

conditions caused by well-known pathophysiological 
events or characterized by signs or symptoms affect-
ing the same organ: for example, some authors call 
EVA syndrome the association between hearing loss 
and enlarged vestibular aqueduct. This is accepted, 
even if improper use of the meaning of  ‘ syndrome ’  
can generate some misunderstanding and certainly 
makes the defi nition of syndromic hearing loss dif-
fi cult. Consequently, fi ltering out the prevalence of 
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syndromic hearing loss among non-syndromic and 
non-hereditary hearing loss is an imperfect task, 
given also phenotypic variability, complicating med-
ical risk factors, and incomplete family histories. In 
addition, epidemiological studies are complicated 
when the same condition can lead at different times 
(depending on symptoms and signs onset) to non-
syndromic or syndromic forms. For example, 
DFNB4 could become Pendred syndrome when the 
disease involves the thyroid gland with clinical man-
ifestations. This  ‘ instability ’  in defi nitions makes 
comprehensive research on syndromic hearing loss 
quite diffi cult. An update could be that syndromic 
hearing loss includes every condition, disorder, dis-
ease or syndrome that shows hearing impairment 
associated with one other sign or symptom. 

 A correct defi nition and classifi cation could help 
in managing and organizing particular events with a 
copious number of elements that are clinically diffi -
cult to consider or treat together. From this point of 
view, a multidisciplinary approach in managing syn-
dromic hearing loss is mandatory. Conversely, the 
term syndromic hearing loss could be strictly used 
to name conditions that almost constantly affect 
hearing and at least one other organ or system with 
clinical manifestations, without a clear aetiology. 
Other conditions could be called diseases or disor-
ders, even if accepting this will probably not change 
the indications for treatment or therapy of the hear-
ing loss that essentially remains based on the avail-
able audiological data. 

 In waiting for a better defi nition of the fi eld of 
syndromic hearing loss, the present study adopted 
the following criteria for selection of conditions that 
can be related to hearing loss: independently from 
names, aetiology and entity of hearing loss, disorders 
were selected based on their estimated prevalence, in 
decreasing order and divided into different types, in 
order to illustrate a few examples of various condi-
tions. Generally, among these syndromes there are 
syndromes with a high prevalence and no constant 
hearing concerns, as well as very rare syndromes that 
could be characterized by a strong association with 
severe to profound hearing loss. It should be noted 
that not all syndromes are recognized as having a 
genetic cause, e.g. cytomegalovirus and foetal-alcoholic 
syndromes. Cases of particular interest are also des-
cribed and discussed herein, and reported in decreas-
ing order of estimated prevalence, if not otherwise 
specifi ed (1 – 6).   

 Clinical aspects 

 Because abnormalities of virtually every organ sys-
tem have been associated with hearing loss, physi-
cians must become familiar with the constellation of 

physical fi ndings that may help determine the diagno-
sis and aetiology of a patient’s hearing impairment 
(Figures 1 –   4). As most hearing loss is recognized as 
having a genetic cause, patients generally benefi t from 
a genetic evaluation, particularly if they present syn-
dromic features. To date, more than 90 genes have 
been identifi ed as being potentially or defi nitely related 
to hearing loss (4,5); this is an increasing number 
and it could be doubled in the coming years (http://
hereditaryhearingloss.org/). Approximately 400 syn-
dromes (of around 7000 described rare syndromes or 
diseases of which approximately 1500 are known to 
have a genetic aetiology) include hearing impairment 
as a potential feature of the clinical picture. It could 
therefore be deduced that around 6% of rare diseases 
affect hearing. Even if this is an approximation, it indi-
cates that hearing is a hot spot for genetic syndromes 
or rare diseases and disorders, probably due to its 
specifi c function, anatomical structure and topo-
graphic position; additionally, auditory cells have a 
lifespan different from that of cells of other sensory 
organs. Gustatory cells survive for 14 –   21 days and 
olfactory cells survive for 30 –   90 days. The ciliated 
cells of the ear have an average life of 70 –   100 years, 
but their number is fewer than 20,000, compared to 
137 million cells in the retina. These aspects increase 
the probability of the ear being involved in a lifetime 
disease. In summary, it could be concluded that every 
systemic condition, including genetic disorders, 
requires an audiological investigation. Reviewing the 
most common systemic disorders, such as auto-
immune and metabolic disorders, diabetes and 
hypertension, reveals that they could be strongly 
associated with hearing loss (5 –   8). 

 Recognizing a syndrome depends on many fac-
tors, and is essentially based on a multidisciplinary 
approach. Nevertheless, it is often thought among 
specialists that the diagnosis of a syndrome depends 
on a kind of intuitive reaction when seeing a patient. 
It could be noted that this preconception is quite 
wrong and it could lead to misdiagnosis (1). Intuition 
and inspection are very important, but a correct 
approach to syndromes requires a specifi c, clear and 
methodical approach. The physical examination 
should incorporate an in-depth ear, nose, throat, 
head, and neck evaluation, along with an overall 
assessment of general physical and neurological sta-
tus. Children with syndromic features associated 
with hearing loss should be screened early and rou-
tinely for hearing loss. Valid and reliable techniques 
are available to determine the presence, degree, 
and nature of hearing impairment and such tech-
niques include the following: auditory brainstem 
response, speech and tonal audiometry, tympa-
nometry and acoustic refl ex threshold measurement 
and otoacoustic emissions. 
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   Syndromic hearing loss    3

Congenital/Prelingual hearing loss 1-2:500-1000 newborns

Genetic 35-40% Non Genetic 25-30%

Non syndromic hearing loss 70% Syndromic hearing loss 30%

15-2% AD
DFN A 

65-85% ar
DFN B 

1-2% X-linked
DFN X 

0-1% Y-linked
DFN Y

0-1% Auditory Neuropathies
AUN

15-30% AD
Treacher Collins

Waardenburg
BOR

30-60% ar
Pendred
Usher

Jervell & Lange-Nielsen

5-10% X-linked
Albinism (ar)
Alport (AD)
Norrie (ar)

0-1 % Mitochondrial DNA
DFN MT

0-1 % Modifier Genes
DFN M

2-5% mt DNA
MIDD, MELAS, MERRF

5-15% Multifactorial disorders
Goldenhar (non genetic?)

CHARGE (?)

Unknown/Idiopathic

35-40%

Mendelian inheritance

Non mendelian inheritance

1-3% Imprinting/uniparental disomy
Angelman/Prader Willi Syndromes (?)

  Figure 1. Aetiology and epidemiology of congenital hearing loss. AD: autosomal dominant; ar: autosomal recessive.  

 Early identifi cation of hearing loss and appropri-
ate intervention provides the best opportunity for 
counselling, habilitation, and development. Addi-
tionally, early enrolment in services for a child with 
hearing impairment reduces health care, special 
education, and other service costs. Even if initial 
screening examinations indicate normal hearing, the 
child remains at risk. During infancy and early 
childhood, parents should be aware of, and ques-
tioned about, the child’s hearing and language mile-
stones. Some syndromes, such as Pendred, Alport, 
Refsum, neurofi bromatosis type II, Usher, and 
osteopetrosis, may place the patient at risk for pro-
gressive hearing loss. The morbidity of hearing loss 

varies with the severity of involvement; however, it 
is a signifi cant problem even for the most mildly 
involved. Bilateral profound hearing loss has a great 
potential for morbidity. Many studies support that 
deafness signifi cantly affects quality of life; social, 
educational, and earning potential are diminished. 
Patients with unilateral hearing loss have diffi culty 
hearing in background noise and diffi culty localizing 
sound. Furthermore, some syndromes, such as 
Usher syndrome, which accounts for a large per-
centage of the aetiology of deaf-blindness, could 
affect more than one sensory system. The dual sen-
sory impairment has huge implications for commu-
nication and education. 
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Hearing loss in the general population 1-3:10

Congenital/Prelingual Hearing Loss
1-2/500-1000 newborns

Non-Congenital/Peri/Post-lingual Hearing Loss 

Genetic
(35-55%)

Acquired
(20-45%)

0 within 1 year of life 18 65
Age in months Age in years

GJB2 mutations

OTOF mutations

Waardenburg

Usher 1 Usher 2 Usher 3

Treacher-Collins

AlportBOR

DFNB4 Pendred

Otosclerosis/Menière

Trauma

PresbiacusisNoise

Idiopathic/Unknown
(10-25%)

Infections

Iatrogenic

Norrie

Neurofibromatosis type 2

Mitochondrial DNA mutations

Stickler/Marshall

Wolfram

Pre-natal and peri-natal
suffering

Prematurity

Drugs

Acoustic Schwannoma

  Figure 2. Aetiology and epidemiology of hearing  loss in the general population with age of symptom onset.  

 Upon identifi cation of hearing loss, a complete 
history should include gestational, perinatal, postna-
tal, and family histories. Other conditions could be 
characterized by comorbidities or mortality. Glom-
erulonephritis associated with Alport syndrome can 
end in kidney failure and necessitate kidney trans-
plantation. Children with Jervell and Lange-Nielsen 
syndromes are at risk for syncope, arrhythmias, and 
sudden death (1 –   8). 

 Even if clinical testing for many genes or param-
eters associated with hearing loss is available, a rou-
tine series of laboratory tests is not recommended in 
the evaluation of patients with hearing impairment. 
A rational assessment of the cost-benefi t ratio and 
the clinician’s index of suspicion dictate the selection 
of laboratory studies to be performed for each indi-
vidual patient. Studies may include the following: 
genetic testing, including  GJB2 ,  GJB6  and  SCL26A4  
(in the presence of dilated vestibular aqueduct) gene 
mutation testing, blood routine testing with CBC 
count with differential, glycaemic levels, BUN/
creatinine and urinalysis (to investigate renal func-
tion), thyroid function studies, fl uorescent trepone-
mal antibody absorption (FTA-ABS) and specifi c 
immunoglobulin M (IgM) assays for toxoplasmosis, 
rubella, cytomegalovirus, herpes virus, and autoim-
mune panel, e.g. erythrocyte sedimentation rate 

(ESR), antinuclear antibody (ANA), rheumatoid 
factor (RF), ENA and circulating immune complexes 
(http://emedicine.medscape.com/). 

 CT scanning offers very high-resolution images 
with  �  1 mm slices, allowing good visualization of 
the anatomy of the bones, ossicles, and inner ear. 
CT scanning may be used to identify potential surgi-
cally reparable causes of SNHL and may also be 
used to identify the less dysplastic, and presumably 
better hearing, ear, when considering auditory habil-
itation. CT abnormalities are found in up to 30% of 
individuals with hearing loss and thus are an impor-
tant component of the evaluation of a patient. For 
example, an enlarged vestibular aqueduct and Mon-
dini malformation are common fi ndings in Pendred 
syndrome. New techniques such as the CONE 
BEAM TC allow better quality images with a reduced 
ray exposure. Magnetic resonance imaging com-
pletes the neuroradiological investigations. High 
soft-tissue contrast makes MRI ideal for evaluation 
of the inner ear, internal auditory canal, and cerebel-
lopontine angle. In addition it could be considered 
with thyroid and renal ultrasonography when abnor-
malities are suspected. Other radiological investiga-
tions can help in the diagnosis of achondroplasia and 
Goldenhar syndrome (http://emedicine.medscape.
com/) (7 –   11). 
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   Syndromic hearing loss    5

 Specifi c tests could be performed in certain 
conditions when an appropriate degree of clinical 
suspicion is present. ECG reveals cardiac conduc-
tion anomalies and echocardiography allows the 
identifi cation of heart defects. Electro-oculography 
can identify retinitis pigmentosa earlier than a 
physical examination. Vestibular testing allows the 

identifi cation of vestibular disorders that could be 
associated with hearing loss, in particular condi-
tions such as Pendred, Usher, CHARGE and 
Alagille syndromes (1 –   8).   

 Hearing evaluation in most common genetic 
disorders  

 Down syndrome or trisomy 21 (1:600 newborns) 

 Trisomy 21, or Down syndrome, is the most com-
mon chromosomal disorder characterized by dys-
morphic features, macroglossia, abnormal teeth, 
epicanthal folds, broad short trunk, muscular hypo-
tonia, congenital heart disease, thyroid dysfunction, 
transverse palmar crease and neurological abnor-
malities including mental retardation of a variable 
degree. Hearing loss occurs in up to 80% of cases 
and it can be conductive (the majority), secondary 
to external ear stenosis, chronic middle ear diseases 
(otitis media with effusion or cholesteatoma) or 
ossicular chain anomalies, sensorineural or mixed. 
The risk of this syndrome in the offspring increases 
with maternal age at pregnancy (1,2,6 –     8,10).   

 Fragile X or Martin-Bell syndrome (1:750 newborns) 

 Fragile X syndrome is associated with the most com-
mon types of inherited developmental delay and men-
tal retardation. The delay and cognitive diffi culties 
can range from very mild to severe and are sometimes 
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  Figure 3. Types of hearing loss and percentage of hearing impaired 
patients in different genetic conditions.  

  Figure 4. Schematic representation of the entity and distribution in the frequency range of the hearing loss in different genetic 
conditions.  
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6 A. Castiglione et al. 

associated with autism. Even if there are reported 
cases of hearing loss in patients with fragile X syn-
drome, they do not have an increased incidence of 
hearing loss. Nevertheless, 85% of patients develop 
recurrent episodes of otitis media, which could lead 
to transient or permanent hearing impairment (1,2).   

 Klinefelter syndrome (1:500 newborn males) 

 Klinefelter syndrome (KS) is the most common sex 
chromosomal aberration (47, XXY) in males. It is 
characterized by neurodevelopmental problems of 
variable degree, tall stature with abnormal body pro-
portions, infertility, hypergonadotropic hypogonadism 
with increased urinary excretion of FSH, azoospermia 
and gynaecomastia. While the association between KS 
and infertility has been well documented, hearing loss 
has been poorly investigated in these patients. The 
external and middle ear are not generally affected and 
they usually appear normal; consequently no conduc-
tive hearing loss is reported among these patients. 
Sensorineural hearing loss was found in approxi-
mately 20% of cases; nevertheless, further studies are 
needed to confi rm these data (9).   

 Noonan syndrome (40:100,000) 

 Noonan syndrome (NS) is a common autosomal 
dominant condition characterized by short stature, 
congenital heart defects, developmental delay, cryp-
torchidism, broad or webbed neck and chest deformi-
ties. The incidence of NS is estimated to be 1 – 2 cases 
per 2500 live births. Mutations in  PTPN11 ,  SOS1 , 
 RAF1  and  KRAS  are known to be responsible for NS. 
Even if NS is usually included among syndromes with 
associated hearing impairment, this is not a constant 
feature and its degree and type are extremely variable. 
The percentage of affected individuals that develop 
hearing problems is approximately 50%; the degree 
of hearing loss is mild to moderate and secondary to 
serous otitis media, therefore of conductive type. Sen-
sorineural hearing loss is less common and is generally 
mild (10%). Severe to profound sensorineural hearing 
loss is uncommon (3 –   5%) (1,2).   

 Turner syndrome (20:100,000; 1:2000 newborn 
females) 

 Described for the fi rst time in 1938 by Henry Turner, 
this syndrome is caused by monosomy (45, X) or 
structural abnormalities of the X chromosome. Turner 
syndrome (TS) is characterized by short stature, lym-
phoedema, gonadal insuffi ciency, cardiac defects and 
learning disabilities. Absent pubertal development 
and primary amenorrhoea occur in most individuals 

due to an accelerated loss of oocytes in the 45,X 
ovary, leaving few follicles in a fi brous strike by birth. 
Nevertheless, approximately one-third of girls with 
TS may undergo spontaneous puberty, particularly in 
milder phenotypes (12). Although in TS there is not 
a clear genotype/phenotype correlation, girls with 
mosaic TS who have a normal cell line, or an extra X 
chromosome, exhibit a better prognosis (1 – 3). 

 Up to 80% of cases suffer from conductive hear-
ing loss probably due to more horizontally oriented 
Eustachian tubes. In addition, or as a consequence 
of chronic otitis media, they could show progressive 
sensorineural hearing loss in the high frequencies. In 
approximately 10% of patients, hearing loss requires 
hearing aid amplifi cation before 20 years of age.   

 Sickle cell disease (15:100,000) 

 Sickle cell disease (SCD) is a hereditary haemoglobin 
disorder characterized by intermittent episodes of 
vascular occlusion and end-organ damage. Mutations 
in the  HBB  gene cause sickle cell disease. Reviewing 
the literature revealed a signifi cant incidence (up to 
40%) of sensorineural hearing loss (more severe at 
the higher frequencies) in SCD patients (13).   

 Cystic fi brosis (12.6:100,000) 

 Cystic fi brosis (CF) is an autosomal recessive genetic 
disorder caused by mutations in the  CFTR  gene. CF 
is the second most common life-shortening, inherited 
disorder occurring in childhood in the United States, 
after sickle cell anaemia. The incidence of cystic fi bro-
sis is estimated to be 1 – 2 cases per 2500 live births. 
Patients with CF do not seem to have a higher 
incidence of hearing impairment than healthy people. 
Nevertheless, recurrent treatment with aminoglyco-
sides increases the risk of sensorineural hearing loss.   

 Prader Willi (10.7:100,000) and Angelman syndrome 
(7.5:100,000) 

 These two different conditions derive from a  ‘ specu-
lar ’  genomic or imprinting disorder: Prader-Willi 
syndrome is due to the lack of paternal contribution 
in a critical region on 15q; in contrast, Angelman 
syndrome is due to the lack of maternal contribution 
in the same region. Such conditions are primarily 
related to microdeletions of the critical region 15q 
or to uniparental disomy of chromosome 15. Less 
than 5% of cases could be related to the involvement 
of genes located on the proximal region of the long 
arm of chromosome 15 (15q11). 

 Interestingly, patients affected by Angelman syn-
drome generally have normal vision and hearing; 
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   Syndromic hearing loss    7

even if there is mild to moderate hearing loss it is 
rarely reported. Despite their hearing level, most 
show severe language retardation (none or few 
words). In Prader Willi syndrome, hearing is gener-
ally normal and language development is delayed; 
nevertheless, verbal skills are not markedly affected 
even if speech is poorly articulated. Both syndromes 
are characterized by neurological defects, mental 
retardation and cognitive impairment that infl uence 
audiological assessment and rehabilitation (2).   

 Edwards syndrome or trisomy 18 (1:5000 newborns) 

 Edwards syndrome is named after John Hilton 
Edwards, who fi rst described the syndrome in 1960. 
Clinical features include malformed pinna, micro-
gnathia, prominent occiput, intestinal defects, heart 
abnormalities, kidney malformations and mental 
retardation. It is the second most common autosomal 
trisomy, after Down syndrome and around 80% of 
those affected are female. Most affected infants do 
not survive past their third month of life, although 
up to 13% live past the age of one year. The risk of 
this syndrome increases with maternal age at preg-
nancy. Temporal bone studies have revealed severe 
abnormalities in the middle and inner ear; therefore 
it is thought that babies with Edwards syndrome are 
deaf or at least severely hearing impaired.   

 Patau syndrome or trisomy 13 (1:6000) 

 Trisomy 13 occurs in approximately 1 per 6000 
births. Congenital malformations are so severe that 
most affected infants do not survive beyond the fi rst 
year of life. Clinical features include microcephaly, 
cleft lip and palate, polydactyly, rocker-bottom feet, 
low-set malformed pinna, cardiac dextroposition, 
scalp defects, and mental retardation. Temporal bone 
analysis reveals cystic changes within the stria vascu-
laris, a shortened cochlea, saccular degeneration, and 
anomalies of the semicircular canals. The risk of this 
syndrome in the offspring increases with maternal 
age at pregnancy. Temporal bone fi ndings in these 
patients suggest that they are likely to be deaf or at 
least severely hearing impaired.   

 Kartagener syndrome (1 – 2:32,000 newborns) 

 In 1930, a physician from Switzerland, Kartagener, 
described a familial form of bronchiectasis, situs 
inversus and rhino-sinusitis with nasal polyps. 
Kartagener syndrome is a genetically heterogenous 
disorder that prevalently shows an autosomal reces-
sive inheritance pattern. To date mutations have been 

identifi ed in eight genes, reported in decreasing order 
of involvement as follows:  DNAH5 ,  DNAI1 ,  RSPH4A , 
 DNAI2 ,  DNAH11 ,  RSPH9 ,  KTU ,  TXNDC3 . KS is 
characterized by malfunction of the cilia (primary 
ciliary dyskinesia) within organs, such as the nose, 
ears and lungs, resulting in ineffective clearance of 
mucus and bacteria. This condition leads to recur-
rent infections of the lungs, ears and nose which, if 
left untreated, results in long-term organ damage. It 
also affects the fl agella of sperm with consequent 
sterility. It should be noted that the outer and inner 
hair cells are not affected by Kartagener syndrome 
because the cilia are different in structure. Karta-
gener syndrome specifi cally affects microtubules 
constituted of alpha and beta tubulins. In contrast, 
stereocilia of the inner and outer cells are made of 
actin. Other ciliopathologies that are reported to be 
responsible for retinopathy and sensorineural 
hearing loss, affect cilia constituted mainly of actin. 
Kartagener syndrome can cause chronic glue ear, 
rhinitis and sinusitis, with the prevalence of conduc-
tive hearing loss (14 – 19).    

 Genetic syndromes with hearing loss as a 
characteristic feature  

 Autosomal recessive syndromes (60 – 70% of congenital 
and genetic hearing loss) 

  Pendred syndrome (5.5:100,000).  First described in 
1896 by Vaughan Pendred, the Pendred syndrome is 
responsible for approximately 1 – 8% of congenital 
hearing loss and mutations in the  SLC26A4  gene are 
the second commonest cause of genetic hearing loss 
(after  GJB2  mutations). There are two clinical forms 
related to these mutations: syndromic and non-
syndromic deafness; the former is called Pendred 
syndrome (PS) when deafness is associated with a 
thyroid goitre; the latter is called DFNB4, when no 
other symptoms are present. PS and DFNB4 can be 
associated with inner ear malformations. In most 
cases (around 80%), these consist of an enlarged ves-
tibular aqueduct (EVA). PS and DFNB4 are trans-
mitted as an autosomal recessive trait, but simple 
heterozygotes can develop both forms of deafness, 
which is probably due to mutations in unidentifi ed 
genes. The  FOXI1  (5q34) gene encodes a transcrip-
tional activator that is required in order to develop 
normal hearing, sense of balance and kidney func-
tion. This activator allows the transcription of the 
 SLC26A4  gene. Furthermore, mutations in the 
inwardly rectifying K( � ) channel gene  KCNJ10  
(1q23.2) are also associated with non-syndromic 
hearing loss in carriers of  SLC26A4  mutations with 
an EVA/PS phenotype. It is thought that Pendred 
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8 A. Castiglione et al. 

syndrome occurs when both alleles of  SLC26A4  gene 
are mutated; DFNB4 (or non-syndromic EVA) seems 
to be due to monoallelic mutations. 

 Some patients with hearing loss and EVA do not 
have mutations in the  SLC26A4  gene. This condition 
is known as  ‘ hearing loss associated with EVA ’  or 
 ‘ EVA syndrome ’ . EVA can also be associated with 
other syndromes, such as BOR syndrome or 
Waardenburg syndrome, but in these syndromes 
other genes are considered to be involved. EVA is 
diagnosed by neuroimaging (CT and MRI): the ves-
tibular aqueduct is defi ned as enlarged if its diameter 
is greater than 1.2 – 1.5 mm at the midpoint. Hearing 
loss is sensorineural or mixed with a conductive 
component in the low frequencies. Generally, hear-
ing impairment is congenital or prelingual, but pro-
gressive and post-lingual worsening is also possible 
(10,11). 

  Usher syndrome (3.5:100,000).  Children with Usher 
syndrome develop hearing loss, vestibular and visual 
impairment. It has been estimated that Usher syn-
drome accounts for approximately 3 –   5% of hearing 
loss among children. The disorder is responsible for 
up to 8% of cases of congenital deafness and it is 
inherited in an autosomal recessive pattern. Usher 
syndrome is characterized by progressive blindness 
due to retinitis pigmentosa, along with moderate to 
severe sensorineural hearing loss, and accounts for 
about 50% of the deaf-blind in the United States. 
Funduscopic examination before the age of 10 years 
is limited. Electroretinography can reveal early retinal 
abnormalities in young children but is not routinely 
available. Night blindness and visual fi eld defi cits 
may mark developing retinitis pigmentosa. Loss of 
vision is progressive and 50% of individuals develop 
complete blindness before the age of 50 years. 

 Hearing loss is generally present at birth, and 
85% of affected individuals eventually become totally 
deaf. Usher syndrome is classifi ed in three types, as 
follows: 

  Type I is characterized by bilateral congenital  •
severe to profound hearing loss and poor or 
absent vestibular function with retinitis pigmen-
tosa diagnosed by age 10 years.  
  Type II is characterized by mild to moderate  •
hearing loss at birth and normal vestibular func-
tion with onset of retinitis pigmentosa before 
the age of 20 years.  
  Type III Usher syndrome is characterized by pro- •
gressive hearing loss and vestibular dysfunction 
with a variable degree of retinitis pigmentosa.  

 The genetic basis of Usher syndrome is complex 
with mutations at 13 loci (USH1 previously called 
USH1A does not in fact exist) and 10 genes 

identifi ed including  MYO7A ,  USH1C ,  CDH23 , 
 PCDH15, SANS, USH2A, VLGR1, WHRN, USH3A, 
PDZD7 . 

  Jervell and Lange-Nielsen syndrome (0.3:100,000).  
Although prolongation of the QT interval has the 
higher prevalence, this condition is only called Jervell 
and Lange-Nielsen syndrome when it is accompa-
nied by hearing loss; thus, by defi nition, 100% of 
patients have severe to profound hearing loss. Jervell 
and Lange-Nielsen syndrome is thought to be the 
third most common cause of autosomal syndromic 
hearing loss and accounts for 1% of all cases of reces-
sive hearing loss. This disorder is characterized by 
electrocardiographic changes of a prolonged QT 
interval, Stokes-Adams attacks, congenital bilateral 
severe hearing loss, and sudden death. Syncopal 
attacks begin in early childhood, with sudden death 
often occurring in later years. The genetic basis of 
Jervell and Lange-Nielsen syndrome is thought to be 
mutations in the  KCNQ1 , and less commonly, the 
 KCNE1  gene, which are responsible for coding pro-
teins that form potassium transport channels. These 
channels are critical in the function of the inner ear 
and heart muscle. 

  Alstr ö m syndrome (0.14:100,000).  Alstr ö m syndrome 
is an autosomal recessive disorder caused by muta-
tions in the  ALMS1  gene. Alstr ö m syndrome is char-
acterized by features such as retinitis pigmentosa, 
diabetes mellitus, cardiomyopathy, short stature, 
obesity, and progressive hearing loss. It is important 
to distinguish this condition from Usher syndrome 
because of a marked difference in prognosis. Alstr ö m 
syndrome can lead to liver failure, kidney failure and 
pulmonary problems, although the presentation is 
variable. Hearing loss, generally of the sensorineural 
variety, typically occurs by age 10 years.   

 Autosomal dominant syndromes (20 – 30% of 
congenital and genetic hearing loss) 

 These are less frequent causes of hearing loss than 
autosomal recessive disorders. Examples include 
Stickler syndrome, achondroplasia, Waardenburg, 
neurofi bromatosis, Crouzon, and branchio-oto-renal 
syndromes. 

  Stickler syndrome (13.5:100,000).  Stickler syn-
drome, also named hereditary progressive arthro-
ophthalmopathy, is a genetically Heterogeneous 
condition with involvement of the connective tissue 
and showing an autosomal dominant pattern. It is 
characterized by high phenotypic variability essen-
tially based on disorders of the ocular, auditory, 
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   Syndromic hearing loss    9

in the  EYA1  gene. To date it is uncertain that BOR, 
BO and OFC syndromes are different entities; over-
lapping features have suggested that they could be 
considered as three different clinical pictures of the 
same disorder. BOR and BO syndromes are so sim-
ilar that researchers often consider them together. In 
contrast, Oto-Facio-Cervical (OFC) syndrome is 
still not universally accepted as an allelic variant, 
because of additional features (hypoplasia of the cer-
vical musculature, pronounced sloping shoulders 
and short stature) that are usually not present in BO/
BOR syndrome. Branchio-Oculo-Facial (BOF) syn-
drome presents overlapping features with BO/BOR/
OFC disorders, with or without kidney anomalies. It 
is now clear that it is caused by mutations in the 
 TFAP2A  gene and BOF syndrome is generally 
considered a different entity. To date, BOR, BOS, 
OFC and even Branchio-oto-ureteral (BOU) syn-
dromes should be considered in the light of molecu-
lar genetics: affected persons in families segregating 
 EYA1  mutations have clinical fi ndings consistent 
with the diagnosis of BOR, BOS, OFC or BOU syn-
drome. These syndromes are best considered as 
branchio-oto-renal spectrum disorders or EYA1- 
related disorders. These similar conditions require a 
multidisciplinary approach in diagnosis, management 
and treatment: an otorhinolaryngologist, audiologist, 
neuroradiologist, nephrologist, ophthalmologist and 
geneticist are involved in a comprehensive evaluation. 

 Branchio-oto-renal (BOR) syndrome (MIM#
113650), also known as Melnick-Fraser syndrome 
(because fi rst described by Melnick and Fraser in 
1972), is an autosomal dominant disorder that 
consists of external, middle and inner ear malforma-
tions, branchial cleft sinuses, cervical fi stulae, mixed 
or conductive hearing loss and renal anomalies. 
The prevalence of BOR syndrome is approximately 
1:40,000 newborns, and it has been reported to 
occur in about 2% of deaf children (1   –   4). Branchio-
otic (BO) and Oto-Facio-Cervical (OFC) syndromes 
are much less common disorders that show clinically 
overlapping features of BOR syndrome without kid-
ney involvement (5,6). Branchio-oto-ureteral (BOU) 
syndrome defi nes similar conditions characterized by 
constant duplication of the ureters. 

 The  EYA1  (eyes absent homologue 1) gene is the 
human homologue of Drosophila eyes absent gene, 
which is essential for eye development in that species. 
In humans, it consists of 16 coding exons and has 
been localized to chromosome 8q13.3 (1 – 4). To date, 
at least four different isoforms are known ( EYA1A , 
 EYA1B ,  EYA1C ,  EYA1D ), respectively, constituted 
by 559 amino acids (AA), 592 AA, 592 AA and 557 
AA; furthermore, many transcriptional variants or 
polymorphisms have been reported. Mutations in the 
 EYA1  gene are associated with both sporadic and 

orofacial and musculoskeletal systems. There are 
three types of Stickler syndrome: type I is caused by 
mutations of the gene  COL2A1  (12q13.11-q13.2); 
type II by mutations of the gene  COL11A1  (1p21) 
and type III (non-ocular type) by mutations of the 
gene  COL11A2  (6p21.3). Also recorded are muta-
tions in the gene  COL9A1  causing autosomal reces-
sive inheritance. Marshall and Stickler syndromes 
are similar conditions and it is not yet clear whether 
Marshall syndrome should be considered a variant of 
Stickler syndrome (type II) or rather an entity in 
itself. The hearing loss is of mixed type or sensorineu-
ral, and more serious in Marshall syndrome and 
types II (progressive hearing loss) and III (non pro-
gressive hearing loss). 

  Treacher Collins or Franceschetti syndrome (6:100,000).  
Treacher Collins or Franceschetti syndrome is a mal-
formation condition with high penetrance and vari-
able expressivity that is caused by mutations in the 
gene  TCOF1 , located in the region 5q31.3 . The 
 TCOF1  gene encodes a protein (treacle) involved in 
nucleolar function. Around 60% of cases are  ‘ de 
novo ’ . The typical clinical picture is due to faults in 
the development of the fi rst two branchial arches, 
bilateral and symmetrical  �  oblique eyelid sloping 
downwards and laterally, lower eyelid coloboma, 
hypoplasia cheekbones, micrognatia, mouth wide 
and thin, dental faults. There may be cleft palate and 
nasal spread with nostrils narrow, and sometimes 
choanal atresia. Faults of the roof are constant (ano-
tia, hypoplasia, cup), which is associated with the 
presence of fi stulae or pre-auricular appendages, fre-
quent atresia or stenosis of the external auditory 
meatus. In the middle ear, hypoplasia of the mastoid 
bone, frequent anomalies of the ossicular chain 
(undescended testes of the incus, malformation or 
ankylosis or absence of the bracket, lack of the oval 
window) are common. Impairment of the vestibular 
apparatus (dysplasia of the semicircular canal) is fre-
quent, while the cochlea is normal. The hearing loss 
is generally conductive or mixed, rarely sensorineu-
ral, and is bilateral and symmetrical in 55% of cases 
(1,2,10). 

  BOR syndrome and other EYA1-related disorders (2.5: 
100,000).  Branchio-oto-renal (BOR), Branchiootic 
(BO) and Oto-Facio-Cervical (OFC) syndromes are 
dominant disorders characterized by variable hearing 
impairment (HI) and branchial defects. BOR syn-
drome includes additional kidney malformations. BOR/
BO/OFC syndromes are genetically Heterogeneous 
and caused by mutations in  EYA1 ,  SIX1 , and  SIX5  
genes. Nevertheless, mutations in the same gene can 
lead to different syndromes. About 40% of people 
with BO, BOR or OFC syndromes have a mutation 
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10 A. Castiglione et al. 

discrimination. The hearing loss can be bilateral and 
asymmetrical in case of bilateral schwannomas, lead-
ing to deafness within 5 – 10 years. 

  CHARGE association (0.14:100,000).  CHARGE (iris 
coloboma, heart defects, choanal atresia, growth and 
development delay and retardation, genitourinary 
hypoplasia, ear abnormalities and deafness) associa-
tion is a recognizable (genetic) pattern of birth defects 
due to mutations in the  CHD7  gene in approximately 
60 – 70% of cases. Up to 90% of patients present with 
sensorineural hearing loss. Generally, there is no his-
tory of CHARGE association or any other similar 
condition in the family. Babies with CHARGE syn-
drome are often born with life-threatening birth 
defects, including complex heart defects and breath-
ing problems. 

 Hypoplastic cranial nerves and external or inner 
ear malformations are usually present and these can 
be responsible for facial paresis or hearing loss with 
consequent diffi culties in cochlear implantation 
(20,21). 

  FGFR2-related disorders and craniosynostosis (1:3000): 
Crouzon (2:100,000), Apert (1.25:100,000), and 
Pfeiffer syndromes (1:100,000).  Mutations in the 
 FGFR2  gene can be responsible for Crouzon, Apert 
and Pfeiffer syndromes, the most common cranio-
synostosis syndromes. They follow an autosomal 
dominant pattern, even if sporadic cases are quite 
common. The  FGFR1  gene can also be involved in 
Pfeiffer syndrome. Craniosynostosis is the premature 
fusion of the cranial sutures and Crouzon, Apert and 
Pfeiffer syndromes are bi-coronal craniosynostosis. 
All these syndromes can be associated with a hyp-
oplastic middle ear and conductive hearing loss 
(1,2,7 – 10,22).   

 X-linked recessive syndromes: Norrie disease 

 Norrie disease or syndrome is caused by mutations 
in the  NDP  gene (Xp11.3) that encodes a protein 
(norrin) of 133 amino acids. The norrin protein is 
essential to the development of blood vessels and 
retinal cells; furthermore, it seems to be involved in 
inter- and intra-cellular communications. 

 The clinical picture is characterized by a degen-
erative process causing blindness in childhood. Dur-
ing the fi rst days of life the retinal dysplasia manifests 
with sickle creases of the retina and progressively 
results in retinal detachment. At birth the corneas 
are usually clear but during the pre-school years 
become opaque and also develop a secondary cata-
ract. About 35% of subjects have a sensorineural 
hearing loss, progressive in the high frequencies after 
10 years of age. Approximately 35% of patients show 

familial cases. There are over 160 reported mutations 
in  EYA1  to date (http://www.healthcare.uiowa.edu/
labs/pendredandbor/), even if in some cases muta-
tions in different isoforms are deduced by bioinfor-
matics analysis.  EYA1  mutations were found in 
31% of families fi tting established clinical criteria for 
BOR and 7% of families with questionable BOR 
phenotype.  SIX1  (1 – 2%) and  SIX5  (approximately 
2 – 5%) mutations are much less common.  EYA1  
mutations produce a wide range of clinical manifes-
tations even within the same family, from mild to 
severe clinical phenotypes associated with hearing 
and renal anomalies (penetrance appears to be 
around 100% although expressivity is highly variable). 

  Waardenburg syndrome (2.4:100,000).  Waardenburg 
syndrome (WS) is one of the most common causes 
of autosomal dominant syndromic hearing loss and 
it is estimated to account for 2 – 5% of all cases of 
congenital hearing loss. Mutations in the  PAX3  gene 
cause WS type I and WS type III with an autosomal 
dominant inheritance pattern. WS type II is caused 
by mutations in the  MITF  or  SNAI2  (also called 
 SLUG ) genes. WS type IV has been linked to muta-
tions in  EDNRB ,  EDN3  and  SOX10 . Phenotypes are 
inherited with a recessive pattern when the genes 
 SNAI2 ,  EDNRB  and  EDN3  are involved. WS type I 
is characterized by: 1) dystopia canthorum (lateral 
displacement of the medial canthi); 2) hyperplastic, 
high and large nasal root; 3) hyperplasia of the medial 
portion of the eyebrows that can be confl uent; 4) skin 
or iris pigmentary anomalies (iris heterochromia); 
5) circumscribed albinism of the frontal head hair or 
white forelock; 6) sensorineural deafness (20 – 25% of 
cases), unilateral or bilateral. Type I and type II are 
distinguished on the basis of the presence of the dys-
topia canthorum, which is absent in type II. The pres-
ence of abnormalities of the upper limb identifi es 
type III, which is also called Klein-Waardenburg syn-
drome. Finally, the association of autosomal recessive 
inheritance and Hirshprung disease is defi ned as type 
IV or Waardenburg-Shah syndrome (1,2,8 – 10). 

  Neurofi bromatosis type 2 (0.5:100,000).  Neurofi bro-
matosis 2 is caused by mutations in the  NF2  gene 
and is characterized by the development of multiple 
tumours, including vestibular schwannomas (bilateral 
in 95% of cases), meningiomas, gliomas, and 
ependymomas that could manifest as early as 8 – 12 
years of age. The hearing loss caused by a vestibular 
schwannoma in neurofi bromatosis 2 is approximately 
the same as a single-sided acoustic neuroma. About 
half of patients present with sudden onset of unilateral 
sensorineural hearing loss, that is characterized by 
slow pure-tone change (more marked at high 
frequencies) and progressive impairment in speech 

H
ea

ri
ng

, B
al

an
ce

 a
nd

 C
om

m
un

ic
at

io
n 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

21
7.

14
8.

12
1.

9 
on

 0
8/

19
/1

3
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



   Syndromic hearing loss    11

 OTOF  gene, which are currently considered as 
responsible for an auditory neuropathy, are classifi ed 
as DFNB9 (non-syndromic recessive hearing loss). 
 OPA1  mutations have been associated with optic 
atrophy type 1, which is a dominantly inherited optic 
neuropathy resulting in progressive loss of visual 
acuity, leading in many cases to legal blindness. It 
could be accompanied by involvement of different 
cranial nerves such as the eighth nerve, with conse-
quent hearing impairment (25 –   29). 

  Biotinidase defi ciency (1 – 2:100,000).  Biotinidase 
defi ciency is inherited as an autosomal recessive trait; 
as expected, the vast majority of mutations are 
homozygous or compound heterozygous. Biotinidase 
defi ciency usually manifests in children from one 
week of age to adolescence, with most exhibiting 
symptoms between three and six months of age. If 
untreated, children with profound biotinidase defi -
ciency usually develop one or more of the following: 
neurological disorders (myoclonic seizures, hypoto-
nia, ataxia), developmental delay, visual problems, 
hearing loss and dermatological disorders (alopecia, 
eczema, and/or candidiasis). In a few cases, individu-
als with profound biotinidase defi ciency may remain 
asymptomatic or develop symptoms after adoles-
cence. All symptomatic-affected individuals improve 
with oral pharmacological doses of the vitamin, bio-
tin. Biotin treatment prevents the development of 
symptoms in affected children identifi ed before they 
have clinical fi ndings or are identifi ed by newborn 
screening. Biotin therapy is lifelong (30).   

 Modifi er genes 

 Modifi er genes can modify the expression of other 
genes. Mutations in these genes can be responsible 
for non-syndromic hearing loss or infl uence the 
clinical picture in the syndromic forms. These condi-
tions do not appear to follow traditional Mendelian 
expression patterns. For example, cadherin 23 pro-
duces a spectrum of phenotypic traits, including 
presbycusis, non-syndromic prelingual hearing loss 
(DFNB12), and syndromic hearing loss as part of 
Usher syndrome (Usher 1D). Missense mutations in 
 CDH23  have been associated with presbycusis and 
DFNB12, whereas null alleles cause the majority of 
Usher 1D. Modifi er gene products that interact with 
cadherin 23 also affect the phenotypic spectrum. In 
addition, the phenotypic spectrum of Wolfram syn-
drome is also hypothesized to be infl uenced by mod-
ifi er gene products. Further studies are needed to 
provide more evidence for the importance of modi-
fi er genes. Characterizing modifi er genes may result 
in better treatment options for patients with hearing 

progressive mental retardation and 25% of cases are 
affected by psychosis.   

 X-linked dominant syndromes: Alport syndrome 

 Alport syndrome is characterized by progressive sen-
sorineural hearing loss in addition to renal disorders 
(such as renal insuffi ciency, glomerulonephritis or 
haematuria) and ocular anomalies. Mutations in the 
 COL4A5  gene are responsible for the dominant 
inheritance of the syndrome and they account for 
approximately 80% of all affected patients (23). The 
autosomal forms are caused by mutations in the 
 COL4A3  and  COL4A4  genes. 

 Sensorineural hearing loss develops in 80 – 90% of 
males with Alport syndrome by the age of 40 years. 
Generally, hearing loss is not congenital. In its early 
stages the hearing defi cit is detectable only by audi-
ometry, with bilateral reduction in sensitivity in the 
high frequencies. In affected males, the hearing loss 
is progressive and eventually extends to other fre-
quencies, including those of conversational speech. 
Hearing loss is frequently identifi able by formal 
assessment of hearing in late childhood, but in some 
families is not detectable until relatively late in life 
(http://www.ncbi.nlm.nih.gov/books).   

 Y-linked syndromes 

 To date, there are no recognized syndromic forms of 
hearing loss related to anomalies on chromosome Y. 
Nevertheless, a review of the literature suggests a 
potential role for chromosome Y in syndromic hear-
ing loss (24).   

 Auditory neuropathies 

 Hearing loss due to auditory neuropathy is currently 
divided in two main groups: the fi rst, called Auditory 
Neuropathy Spectrum Disorders (ANSD), includes 
all diseases or conditions or syndromes characterized 
by neuropathy that can affect the auditory system. 
The second group is strictly related to specifi c genes, 
which, if mutated, can lead to hearing loss due to 
auditory neuropathy. It should be noted that some 
authors prefer to consider the second group as part 
of the fi rst. The acronym AUN could be used exclu-
sively to indicate conditions mainly characterized by 
auditory neuropathy (non-syndromic) and caused by 
mutations in specifi c genes for which loci are defi ned 
as AUNA in the case of autosomal dominant inheri-
tance, followed by identifi cation numbers in chrono-
logical order. To date, there is only one recognized 
gene responsible for non-syndromic auditory neu-
ropathy, i.e.  DIAPH3  (AUNA1). Mutations in the 
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12 A. Castiglione et al. 

in children with craniofacial anomalies such as cleft 
lip/palate (70%) and Down syndrome (62%). A 
small percentage of FAS children have also been 
shown to display mild to moderate sensorineural 
hearing loss (33 – 38).   

 Cytomegalovirus syndrome (40:100,000) 

 Cytomegalovirus (CMV) is one of the most frequently 
transmitted intrauterine infections, detectable in 
an estimated 0.64 –   0.70% of live births worldwide. 
Sensorineural hearing loss is the most common 
sequel following congenital CMV infection. CMV is 
estimated to be the leading environmental cause 
of childhood hearing loss, accounting for approxi-
mately 15 – 21% of all hearing loss at birth in the 
United States. In addition, CMV-related hearing 
losses may also be progressive or late onset, requiring 
more frequent audiological monitoring of infants and 
young children who have been diagnosed with con-
genital CMV infection (39 – 46).   

 Autoimmune disorders 

  Cogan syndrome.  Cogan syndrome is a rare disorder 
characterized by recurrent infl ammation of the front of 
the eye (the cornea) and often fever, fatigue, and weight 
loss, episodes of dizziness, and hearing loss. It can 
lead to deafness or blindness if untreated. The classic 
form of the disease was fi rst described by Cogan in 
1945. In 60% of patients with Cogan syndrome, 
cochlear implantation remains the only treatment 
option for the auditory rehabilitation. Literature data 
agree that once the electrode array is properly inserted, 
functional outcomes are very good. Nevertheless, 
results may deteriorate due to progressive cochlear 
ossifi cation (47,48). 

  Goodpasture syndrome.  Goodpasture syndrome, a 
rare human autoimmune disorder, is characterized 
by the presence of pathogenic autoantibodies that 
react with the components of the glomerular base-
ment membrane. The clinical condition of Good-
pasture syndrome is characterized by an acute 
necrotizing glomerulonephritis, often with accom-
panying pulmonary haemorrhage. Notably, the 
Goodpasture antigen has been localized to the non-
collagenous domain of the  α 3 chain of type IV col-
lagen. Goodpasture syndrome is an uncommon 
disease, having an incidence of 0.5 to 1 cases per 
million of the population with a slight preponder-
ance of males to females (49). Type IV collagen, the 
major structural component of basement mem-
branes, is a multimeric protein composed of three 
alpha subunits. These subunits are encoded by six 

loss and defi ne new diagnostic and therapeutic tar-
gets (31,32).   

 Mitochondrial diseases: MELAS syndrome 
(16:100,000), MERRF syndrome (1:100,000) 
and MIDD (0.1:100,000) 

 Mitochondrial encephalopathy, lactic acidosis and 
stroke-like episodes (MELAS) is a childhood disor-
der characterized by intermittent vomiting, proximal 
limb weakness and recurrent cerebral insults resem-
bling strokes and causing hemiparesis and cortical 
blindness. MELAS is frequently associated with 
short stature. The wide range of clinical signs and 
symptoms include hearing loss in approximately 
30% of affected persons. 

 Myoclonic epilepsy and ragged red fi bres 
(MERRF) is characterized by myoclonus, epilepsy 
and ataxia, although dementia, optic atrophy and 
deafness frequently occur. The degree of hearing loss 
is variable. 

 In maternally inherited diabetes and deafness 
(MIDD), several families have been described with 
diabetes mellitus and sensorineural hearing loss, in 
which mitochondrial mutations have been found. 
The most frequently found mutation is the 3243A- �    G 
mutation, also found in MELAS. In population stud-
ies of diabetics, the 3243A- �    G mutation has been 
found in a small percentage of patients (1,2,8,10).    

 Non-genetic syndromes  

 Foetal alcohol syndrome (1:1000 newborns) 

 Foetal alcohol syndrome (FAS) is induced by exces-
sive maternal alcohol intake during pregnancy. FAS 
is characterized by: facial dysmorphisms such as 
smooth philtrum, thin vermillion border and small 
palpebral fi ssures (at or below the 10th percentile), 
central nervous system abnormalities, growth prob-
lems and maternal alcohol exposure. Diagnostic cri-
teria for FAS are all three of the following fi ndings: 
1) all three facial abnormalities; 2) growth defi cits; 
and 3) central nervous system abnormalities. Growth 
defi cits are diagnosed when prenatal or postnatal 
height or weight, or both, are at or below the 10th 
percentile, documented at any one point in time 
(adjusted for age, gender, gestational age, and race 
or ethnicity). Central nervous system anomalies 
include structural, neurological and functional 
abnormalities. In multiple studies, children with FAS 
have been reported to show much higher rates of 
intermittent hearing loss due to recurrent middle ear 
infections (75 –   93%) compared to the general paedi-
atric population (12%). The FAS fi ndings are more 
consistent with middle ear disorder prevalence rates 
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   Syndromic hearing loss    13

different genes, alpha 1 through alpha 6, each of 
which can form a triple helix structure with two 
other subunits to form type IV collagen. This gene 
encodes alpha 3 ( COL4A3  on 2q36-q37). In Good-
pasture syndrome, autoantibodies bind to the col-
lagen molecules in the basement membranes of 
alveoli and glomeruli. The epitopes that elicit these 
autoantibodies are localized largely to the non-
collagenous C-terminal domain of the protein. A 
specifi c kinase phosphorylates amino acids in this 
same C-terminal region and the expression of this 
kinase is up-regulated during pathogenesis. This gene 
is also linked to an autosomal recessive form of 
Alport syndrome. The mutations contributing to this 
syndrome are also located within the exons that 
encode this C-terminal region. Like other members 
of the type IV collagen gene family, this gene is orga-
nized in a head-to-head conformation with another 
type IV collagen gene so that each gene pair shares 
a common promoter (http://www.genecards.org).    

 Discussion and Conclusions 

 The defi nition of syndromic hearing loss still remains 
an open fi eld that requires constant updating. Clas-
sifi cation, aetiology, clinical and epidemiological 
data undergo continuous change, therefore it is 
quite diffi cult to obtain a comprehensive assessment 
on the prevalence and management of complex and 
heterogeneous conditions. The multidisciplinary 
approach is certainly the most correct and continu-
ous monitoring is essential. The diagnosis of syndro-
mic hearing loss requires a careful history and 
objective examination, MRI and CT scanning and 
laboratory testing (including genetic testing), tests 
that are ever more sophisticated. The role of genet-
ics is constantly growing and giving us important 
information on diagnosis and treatment. The most 
common mutations that are responsible for hearing 
loss involve the  GJB2  gene;  SLC26A4  mutations are 
the second most common cause of genetic hearing 
loss and the fi rst among syndromic deafness. The 
 SLC26A4  (PDS) gene mutations result in abnor-
malities of the endolymphatic system, which lead to 
the dilation of the vestibular aqueduct as seen in 
Pendred syndrome. Nonetheless, other genes can be 
involved. Normal expression of the  PAX2  and  PAX3  
genes is necessary for the normal development of 
the cochlea. The  FGF3  gene appears to be necessary 
for differentiation within the otic vesicle (22). The 
 EYA1  gene has an important role in encoding 
transcription factors and mutations of  EYA1  
are responsible for  EYA1 -related disorders that 
include BOR (branchio-oto-renal) syndrome, BO 

(Branchio-otic) syndrome and OFC (Oto-Facio-
Cervical) syndrome. Nevertheless, it should be 
noted that the aetiology remains unknown in most 
cases and an indiscriminate use of testing does 
not always change the prognosis or therapy. In 
addition, it should be remembered that not all syn-
dromes have a genetic cause and there are several 
heterogeneous conditions for which the aetiology 
and pathophysiology is still unclear (50,51). 

 Non-syndromic and syndromic hearing losses 
demand early evaluation and rehabilitation to reduce 
the auditory deprivation that could affect perceptual, 
verbal and linguistic skills. To date, hearing aids and 
cochlear implantation are the most reliable and effec-
tive interventions for auditory rehabilitation. Although 
further studies are necessary, the results of the pres-
ent work have confi rmed the need to carry out diag-
nostic, therapeutic and rehabilitation processes in 
specialized centres with extensive and proven 
experience.           

  Declaration of interest:   The authors have no 
confl icts of interest to disclose.   
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Abstract
Hearing loss is a pervasive global healthcare concern with an esti-

mated 10% of the global population affected to a mild or greater

degree. In the absence of appropriate diagnosis and intervention it

can become a lifelong disability with serious consequences on the

quality of life and societal integration and participation of the af-

fected persons. Unfortunately, there is a major dearth of hearing

healthcare services globally, which highlights the possible role of

telehealth in penetrating the underserved communities. This study

systematically reviews peer-reviewed publications on audiology-

related telehealth services and patient=clinician perceptions

regarding their use. Several databases were sourced (Medline,

SCOPUS, and CHINAL) using different search strategies for optimal

coverage. Though the number of studies in this field are limited

available reports span audiological services such as screening, di-

agnosis, and intervention. Several screening applications for popu-

lations consisting of infants, children, and adults have demonstrated

the feasibility and reliability of telehealth using both synchronous

and asynchronous models. The diagnostic procedures reported, in-

cluding audiometry, video-otoscopy, oto-acoustic emissions, and

auditory brainstem response, confirm clinically equivalent results for

remote telehealth-enabled tests and conventional face-to-face ver-

sions. Intervention studies, including hearing aid verification,

counseling, and Internet-based treatment for tinnitus, demonstrate

reliability and effectiveness of telehealth applications compared to

conventional methods. The limited information on patient percep-

tions reveal mixed findings and require more specific investigations,

especially post facto surveys of patient experiences. Tele-audiology

holds significant promise in extending services to the underserved

communities but require considerable empirical research to inform

future implementation.

Introduction

T
he field of audiology encompasses prevention, assessment,

and rehabilitation of hearing, auditory function, balance,

and other related systems.1,2 With an estimated 642 million

people in the world affected to a mild or greater degree, and

278 million to a moderate and greater degree, hearing loss is clearly a

significant global healthcare concern3 with pervasive and far–

reaching consequences. If not identified and treated early, children

with hearing loss may suffer lifelong disability due to developmental

delays in language, literacy, academic achievement, and social well-

being.4,5 Hearing loss in adults tends to isolate and stigmatize them,

leading to poor social participation and severely restricting voca-

tional opportunities, as evidenced by significantly higher under- and

unemployment.6 Hearing loss is therefore reported as one of the most

significant contributors to the global burden of disease.7

Audiological diagnosis and intervention for children and adults

with hearing loss offer the possibility of excellent outcomes as op-

posed to the negative consequences of undetected and undiagnosed

hearing loss without intervention services.8,9 The problem in pro-

viding the necessary services, however, is the shortage of audiological

professionals and services in the majority of regions in the world.10,11

Even in developed countries like the United States and Australia, rural

and remote communities may not be able to access the necessary

hearing healthcare services. Telehealth applications in audiology may

offer some solutions to the mismatch in the apparent need for services

and the limited capacity to deliver services.12 Using information and

communication technology in healthcare, as implied in telehealth,
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holds significant promise in improving healthcare access, quality

of service delivery, and the effectiveness and efficiency of ser-

vices. Employing different models of telehealth service delivery in

audiological practice, such as synchronous (real-time), asynchronous

(store-and-forward), and hybrid models, may improve the reach of

audiological services to underserved communities globally.13

Professional bodies in audiology have proposed tele-audiology as

a valid means of delivering services, but more studies are necessary to

ensure these services are comparable to face-to-face service provi-

sion.14,15 The aim of this study was to review the current body

of peer-reviewed publications on available empirical studies of

audiology-related telehealth services and patient=clinician percep-

tions regarding its use.

Materials and Methods
To perform a systematic review of tele-audiology, a search was

conducted for articles in peer-reviewed journals reporting empirical

investigations related to audiological services with a telehealth

component or patient=clinician perceptions of telehealth for audio-

logical services. There was overlap between audiological and otolo-

gical practices in the area of otoscopic examinations. Any report

within the scope of the review, whether related to otology or audi-

ology, was therefore considered for inclusion. The exceptions in-

cluded cases where a microscope=endoscope was used at the remote

site, because audiologists typically do not use these devices; studies

specifically related to medical diagnoses of ear disease; and reports

providing comparison between devices. All relevant reports pub-

lished until May 31, 2009, were included.

A varied search strategy was employed to extract relevant peer-

reviewed reports in English from several databases as illustrated in

Appendix I. The Medline database was searched using three distinct

strategies: (1) using MeSH terms to search for reports related to au-

diology and telemedicine, (2) searching for audiology-related reports

in telemedicine journals, (3) searching for telemedicine-related re-

ports in audiology-related journals. The SCOPUS database, which

also covers Medline, was searched using a combination of terms

related to audiology and telemedicine occurring in the same report.

The third database searched was CINAHL, for which main subject

words relating to audiology and telemedicine were used as identifi-

ers. This multipronged approach covering multiple databases with

variations in search strategy was employed to maximize the coverage

and to cross-check results. Reference lists in the reports finally se-

lected for review were subsequently surveyed to identify any addi-

tional report applying to the scope of the study that was not obtained

through the database searches.

The reports selected for review were carefully studied and subse-

quently categorized according to four criteria specifying their scope

of relevance: (1) audiological screening, (2) audiological diagnosis,

(3) audiological intervention, and (4) patient=clinician perceptions.

Results
Table 1 describes the search results according to the procedural

steps applied. We reviewed the abstracts of 261 reports to determine if

they were in any way relevant to the scope of the study. Sixty-three

reports indicated some relevance and these were subsequently re-

viewed. A total of 25 articles were identified to be directly within the

Table 1. Description of Search Results Identifying Reports for Inclusion

PROCEDURAL STEPS NUMBER OF REPORTS DESCRIPTION

(a) Database search results 386 3 databases (Medline, SCOPUS, and CINAHL); 5 search

strategies

(b) Database search results—duplicates omitted 261 125 duplicates from the 5 searches were omitted

(c) Database reports related to scope of review 63 261 abstracts reviewed for relevance; 198 reports

omitted.

(d) Database reports within scope of review 25 39 reports were not directly relevant to scope of

review.

(e) Additional reports within scope of review 1 Reports included from survey of reference lists; only

those reports not contained in database search

(f ) Final reports for review 26 Articles constituting the systematic review
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scope of the systematic review. A survey of the reference lists in these

articles revealed a single additional report not identified by the da-

tabase searches, which brought the number of reports for final review

to 26. These reports, which date from 1997 to 2009, are briefly

summarized in Appendix II according to authors and year of publi-

cation, journal, category, study type, connection=model, subjects,

procedures, and conclusions.

The reports were divided into four categories as illustrated in

Table 2. The majority of reports were concerned with diagnosis,

while two exclusively considered patient perceptions related to tele-

audiology. Three of the reports on intervention also included a

section on patient perceptions. A variety of audiological procedures

or techniques were used across the categories of screening, diag-

nosis, and intervention in a combination of synchronous, asyn-

chronous, and hybrid models.

Discussion
AUDIOLOGICAL SCREENING

Five reports on audiological screening using telehealth configu-

rations were identified. Screening procedures included pure tone

audiometry, tympanometry, oto-acoustic emissions (OAE), and au-

tomated auditory brainstem response (AABR) used in populations

varying from infants to adults. Three reports described self-test

screening procedures; two of these used speech-in-noise screening

and one described pure tone audiometric screening.16–18 Smits and

colleagues16 reported on the development and validation of a speech-

in-noise screening procedure using triple digits and an adaptive

procedure that can be used reliably over the telephone and computer

headsets. They subsequently reported on a national self-screening

program in the Netherlands using this test to screen large numbers of

adolescents and adults using the telephone (n¼ 6,351) or Internet

(n¼ 30,260).17 The participation in this program was high, but the

elderly population used the telephone-based test in preference to

Internet-based screening. The compliance of the Internet-based test

was compromised because few people (31%) used headphones, which

are necessary for a more reliable and valid screening.

A self-test, Internet-based, pure tone audiometry screening pro-

cedure was reported by Bexelius and colleagues.18 This proof-of-

concept study screened patients by determining threshold frequen-

cies between 500 and 8,000 Hz as against a more conventional

screening criterion that assesses hearing at a preset intensity across a

limited range of frequencies. This study tested the members of a

hunting organization and reported poor participation in the self-test,

but demonstrated that Internet-based hearing screening tests can be

performed. Self-test, Internet-based screening is, however, con-

founded by the lack of control over environmental variables at the

remote test site, such as noise levels and transducer type, which

makes these procedures no better than a preliminary screening. Va-

lidated procedures such as the triplet speech-in-noise test used in the

Netherlands may be more useful. All these procedures may ultimately

Table 2. Summary of Tele-Audiology Reports According to Category, Populations, and Models

CATEGORIES NO. OF REPORTS STUDY POPULATIONS PROCEDURES=TECHNIQUES TELEHEALTH MODELS

Screening 5 Infants, children, and adults Video-otoscopy, immittance, OAE, AABR,

audiometry, speech-in-noise

Synchronous, asynchronous,

hybrid, and self-test

Diagnosis 12 Children and adults Video-otoscopy, audiometry

(AC and BC), HINT, ABR,

intraoperative monitoring, balance

testing

Synchronous and

asynchronous

Intervention 7 Adults HA fitting and verification, CI

programming, tinnitus therapy,

HA counseling

Synchronous and

asynchronous

Patient perceptions 2(3a) Adult clinic patients, tinnitus

patients, cochlear implant

mapping patients

Questionnaires Synchronous and

asynchronous

aReports of audiological intervention also including patient perceptions.

AABR, automated auditory brainstem response; ABR, auditory brainstem response; AC, air conduction; BC, bone conduction; CI, cochlear implant; HA, hearing aid; HINT,

Hearing-in-Noise-Test; OAE, oto-acoustic emissions.
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improve public awareness regarding the risks of hearing loss and the

importance of hearing healthcare.

The other two reports on audiological screening compared face-

to-face screening with remote screening of infants using AABR and

OAE19 and of young children using otoscopy, pure tone audiometry,

and tympanometry.20 A synchronous setup using videoconferencing

and application sharing was used to screen infants remotely. The on-

site audiologist prepared the tests and conducted two face-to-face

assessments, while the remote audiologist conducted one test. The

tests were randomized and testers were blind to the results. Telehealth

screening provided exactly the same results as face-to-face screen-

ing, and comparison of distortion product OAE (DPOAE) amplitudes

showed these were equivalent within typical test-retest reliability

limits. The second report compared telehealth hearing screening with

on-site screening of 32 children in a rural elementary school. Oto-

scopic examination and pure tone testing were conducted synchro-

nously, while tympanometry was interpreted asynchronously in a

store-and-forward model. The testing was counterbalanced to avoid

an order effect, and examiners were blinded to each other’s results.

The interpretation of otoscopy and tympanometry were identical,

and screening responses on pure tone audiometry were perfectly

correlated in 188 of 193 frequencies tested. These differences trans-

lated to four false-positive and one false-negative screen results

using telehealth. However, in the context of the large number of

frequencies tested, this did not constitute a statistically significant

difference. The authors note that although similarly high test sensi-

tivity values were obtained for face-to-face and remote screening,

the test specificity for pure tone audiometric screening may be

slightly less for a telehealth setup.

AUDIOLOGICAL DIAGNOSIS
Four of the 12 reports on audiological diagnosis investigated

hearing evaluations using pure tone audiometry in a sound booth or

sound-treated room from remote locations.21–24 All studies were

performed on adult subjects using air conduction audiometry (250–

8,000 Hz; octave frequencies), and one also used bone conduction

audiometry (250–4,000 Hz; octave frequencies). Two of the four

studies reported on the same data set. One of these was a preliminary

report, and therefore only the second report was considered.21,22 This

study by Givens and Elangovan22 compared air (n¼ 45) and bone

conduction (n¼ 25) pure tone thresholds determined using conven-

tional face-to-face audiometry with thresholds determined through

remote synchronous audiometry. The remote audiologist controlled

the conventional audiometer through a control unit, which was ac-

cessed through the Internet from a remote personal computer (PC) or

handheld device (unspecified distance and bandwidth). Audiologists

were blind to results from the remote or face-to-face settings, and the

testing order was counterbalanced. Mean differences between

thresholds obtained with the two methods varied by no more than

1.3 dB for air and 1.2 dB for bone conduction, and Pearson correla-

tion coefficients across frequencies varied between 0.82 and 0.97.

Statistically there was no significant difference between test results

from the remote versus face-to-face methods.22

In a similar experimental setup, Choi and colleagues23 compared

face-to-face audiometry using a PC-based audiometer with remote

testing (1 km distance) over the Internet (broadband, unspecified

bandwidth) on 12 adult subjects with normal hearing capabilities.

Threshold comparisons revealed a difference of more than 5 dB in

only 10.7% of cases (18=168) and none differed by more than 15 dB.

Comparisons for this same sample between face-to-face audiometry

on the PC-based system and on a conventional audiometer revealed a

smaller percentage (3.7%) of differences exceeding 5 dB. The fourth

study also used a PC-based audiometer remotely controlled via ap-

plication sharing software with interactive videoconferencing for

communication to test 30 adult subjects.24 Audiologists were blind to

results in the face-to-face and remote test methods. The order of tests

were rotated to avoid an order effect, and remote testing was con-

ducted from a distance of 1,100 km. No statistically significant dif-

ference was noted between the two methods, and the thresholds

corresponded within 5 dB of each other in 97% of cases. A comparison

of face-to-face threshold values yielded 99% correspondence.24

The only speech audiometric procedure reported with relevance to

telehealth has been the Hearing-in-Noise-Test (HINT). A comparison

of face-to-face evaluations to remote testing through the same local

area network and a different, more remote Internet connection was

reported for a group of 20 adults.25 The means and standard deviation

for each test condition from both test sites were within the normative

data reported for HINT, except for one instance where the difference

in means between tests sites was less than 1 dB, indicating the reli-

ability of performing HINT via a telemedicine configuration.

Three studies of video-otoscopy facilitated through telemedicine

applications were included in the review, even though all examina-

tions were conducted by physicians as opposed to audiologists.26–28

The first study compared the interpretation of face-to-face micro-

scopic examinations of the ear canal and tympanic membrane to

video-otoscopic still images of 40 subjects, including adults and

children.26 The still images were reviewed at 6 and 12 weeks post

face-to-face examination, and findings were compared between the

test conditions and between two independent examiners. Observa-

tions on video-otoscopic still images and microscopy were compa-
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rable (88% concordance), which corresponded to the concordance

between independent face-to-face examinations (84%). A follow-up

study found the concordance between video-otoscopic images of the

tympanic membrane taken in remote clinics and in-person micro-

scopic examinations for follow-up care in children aged 1–16 years

(70 ears) following tympanostomy tube placement.27 Two otolaryn-

gologists conducted the face-to-face examinations and also exam-

ined the images at 8 and 14 weeks postexamination. Image quality

was rated adequate or better in 79% of cases, and the majority of

poor-quality images (50%) were of 2-year-olds, who accounted for

26% of the total number of cases. Analyses revealed a high level of

concordance between face-to-face microscopic examinations and

corresponding image reviews. The authors concluded that video-

otoscopy image reviews of the tympanic membrane are comparable

to an in-person examination for assessment and treatment in follow-

up care for tympanostomy tubes.27 A similar study on 66 children

(127 ears) compared face-to-face otoscopy to digital images inter-

preted 1 month later, which revealed significant agreement

( p< 0.05) between clinically important observations. The agreement

between otological recommendations from images and face-to-face

examinations was also statistically significant ( p< 0.01), although

the rates of referrals were 4–16% higher.28 A significant correlation

was also reported between image quality and age of the subject, with

better quality images generally reported for older children.

Reports of tele-audiology using objective measures of auditory

functioning have included DPOAE, ABR, and intraoperative moni-

toring.24,29,30 A study investigating the correspondence between

DPOAE measures recorded remotely (through desktop sharing soft-

ware and interactive video) and face-to-face assessments in 30 adult

subjects demonstrated that there were essentially no differences be-

tween the findings.24 An overall agreement of 97–99% was reported

across frequencies (2,000, 2,500, 3,000, 4,000, and 5,100 Hz) and was

comparable to the agreement between face-to-face assessments,

which was 97% on average. In a comparison between remote ABR

recordings using desktop sharing software and face-to-face record-

ings in a group of 15 adults, comparable wave latencies within the

clinically allowable range of variability were obtained.29 Recordings

included ABRs elicited with toneburst (500 and 3,000 Hz) and

broadband click stimuli presented at 55 and 75 dB. No significant

effect as a result of different test sites was reported, and the results

suggested that remote test was as reliable as face-to-face testing.

Remote intraoperative evaluation of the cochlear implant device

and responses to electrical stimulation was recently reported as a

time-saving, practical, and cost-efficient option.30 Desktop sharing

software was used to conduct and time four sequential remote

monitoring sessions followed by four sequential on-site monitoring

sessions. Remote testing was easily performed and lasted 9 min on

average compared to 93 min required for on-site testing.

Other reports include a remote consultation for a balance disorder

and the use of online forms for tinnitus evaluations. Only one report

was sourced in regard to balance assessment through telemedicine.31

This single case study demonstrated the feasibility and success of a

remote consultation using a two-way digital video and audio network

for assessing a patient with benign positional vertigo. The use of

cameras allowed for viewing the patient’s eye movements, which were

essential to the diagnosis. A report on the use of an online evaluation

form for anxiety and depression related to tinnitus was included as part

of a diagnostic tinnitus assessment to measure the self-perceived effect

of tinnitus on life activities and functioning.32 Online forms completed

by 157 adult patients were compared to questionnaires completed on

paper and with pencil by other patients, revealing that online forms

provide meaningful and valid data. The Internet group data was mostly

equivalent although slightly higher, and no statistically significant

results were obtained. The authors suggest that the differences may be

due to less inhibition given the anonymity of an online form.

AUDIOLOGICAL INTERVENTION
A sequence of four reports on Internet-based cognitive behavioral

self-help treatment for tinnitus was presented by the same research

group in Sweden.33–36 The treatment program was a self-help manual

constructed following cognitive behavioral principles and included

10 components presented in six modules on a weekly basis for 6

weeks. This self-help program was presented on Web pages, and

weekly diaries were submitted to follow progress and give feedback.

Outcome measures included several questionnaires and ratings of

tinnitus-related handicap, reaction, anxiety, depression, and in-

somnia (e.g., Tinnitus Reaction Questionnaire and Tinnitus Handicap

Inventory) conducted before treatment, after treatment, and at 1-year

follow-up. The first report compared a randomized controlled trial of

Internet-based cognitive behavior therapy to conventional cognitive

behavioral therapy in a waiting-list control group for distress asso-

ciated with tinnitus.33 Participants receiving treatment via the In-

ternet improved to a significantly greater extent than the control

group, with 29% demonstrating an improvement of at least 50% on

the Tinnitus Reaction Questionnaire as opposed to 4% in the control

group. However, dropout rate in the treatment group was much

higher, almost 51% compared to almost none in the control group. A

single case report subsequently illustrated the process of Internet-

based cognitive behavioral therapy.34 A follow-up nonrandomized

clinical study reported on the efficacy of Internet-based treatment in
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a sample of consecutive tinnitus patients.35 Significant reductions in

distress associated with tinnitus were evident, and at 3-month

follow-up the patients had remained improved. The dropout rate was

30% and primarily attributed to time constraints.

Based on the feedback and clinical experience obtained from these

studies, the authors redeveloped the program to improve retention

and treatment outcomes and subsequently published a follow-up

controlled trial incorporating these changes.36 Main changes in-

cluded expanding the self-help text; having participants define their

own treatment goals and set priorities for free time required for

treatment before commencement; encouraging participants to plan

homework assignments on the Web site; providing more detailed and

personalized instructions and registration sheets for printing; con-

siderably expanding the Internet diaries for reporting homework

assignments; allowing participants to choose if, and when, to start

with some of the less general treatment tools; and ensuring that the

Web site was informative regarding expectations. Both treatment

groups (Internet-based vs. group cognitive therapy) yielded signifi-

cant positive results with no significant differences in main outcome

measures. The results were relatively stable at 1-year follow-up. The

attrition rate was lower than for previous Internet-based treatments

for tinnitus,35 and the method was 1.7 times as cost-effective as

conventional group treatment.

The only peer-reviewed empirical report on hearing aid fitting and

verification was recently published by Ferrari and Bernardez-

Braga.37 The authors compared probe microphone measurements

conducted remotely to verify hearing aid performance to face-to-

face measurements in a group of 60 adults. This was facilitated by a

telehealth setup that included application sharing software, inter-

active desktop videoconferencing, and a facilitator at the remote site

to place the probe and make necessary adjustments. The remote

measures significantly correlated with face-to-face measures at all

frequencies and the differences varied by only 0–2.2 dB, which cor-

responds to clinically accepted between-measure variability on probe

microphone verification. Some previous reports have, however,

discussed the remote fitting and verification of hearing aids through

telehealth, but these were either not published in a peer-reviewed

journal or did not describe an empirical study.38,39 Wesendahl38

described the possibility of initial fitting, fine tuning, and follow-up

for programmable hearing aids through telehealth applications using

a special GSM handheld device (combination of a mobile phone and a

hearing programmer) in real acoustic environments. Subsequently,

Ferrari39 reported on the successful remote fitting of hearing aids

through application sharing software and interactive desktop vid-

eoconferencing in a group of adults.

Other rehabilitation components of audiological intervention fa-

cilitated by telehealth include counseling and cochlear implant map-

ping. A qualitative multiple case study described an Internet-based

counseling program for new hearing aid users through daily e-mail

interchanges for 1 month provided by an audiologist.40 The data were

acquired from interviews, analyses of e-mail interchanges, and from

audiological files. Results indicated that this was a powerful com-

munication medium for observing changes in behavior and percep-

tion of new hearing aid users. The immediacy of e-mail enabled timely

response to concerns. A randomized study recently compared on-site

cochlear implant programming to remote cochlear implant mapping

in a group of five adults.41 Twelve remote cochlear implant mapping

sessions and 12 face-to-face sessions were completed at four intervals.

Each interval was separated by 3 months in a randomized order with

performance evaluations after each of the initial 3-month intervals (all

subjects did not participate in the first level). Authors report that

remote programming through application sharing proceeded without

incident and that no significant differences were evident between

the programs established for each subject on each programming day

(M-1, M-8, and M-16 values were used for comparison; M¼ the most

comfortable level; 1, 8, and 16 denote the electrode number). In

addition, remote and standard recorded threshold neural response

imaging values were very similar (not tested statistically). The per-

formance of subjects on either a standard or a remote program after

3 months also showed no statistically significant difference in free-

field threshold values (0.25, 0.5, 1, 2, and 4 kHz) or in disyllabic open

word test scores. Therefore, no significant differences between remote

and face-to-face cochlear implant programming were evident.

PATIENT AND CLINICIAN PERCEPTIONS
Five reports contained some mention of patient perceptions, of

which only two exclusively surveyed patient perceptions and atti-

tudes toward audiological practices related to telehealth.35,36,41–43

The first surveyed 116 adult patients attending four audiological

clinics in Australia regarding their attitudes toward telemedicine and

willingness to make use of tele-audiological services.42 Although

45% of respondents had used the Internet for health-related matters,

only 25% had been aware of telemedicine previously. Overall, 32%

were willing to use telemedicine, 10% would sometimes be willing,

28% were unsure, and 30% were not willing. These findings indicate

that tele-audiology is still a foreign concept to many patients espe-

cially in this sample, where more than 46% of respondents were 65

years and older.42 The limitation of the study was that respondents

had not experienced tele-audiology and were therefore only com-

menting on their perceived notions of a telemedicine consultation.
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In another study, 202 adult respondents with hearing loss from the

United Kingdom, Germany, and the Netherlands indicated their pref-

erence for a self-test screening via a questionnaire, telephone, or the

Internet.43 The respondents were generally enthusiastic about the

prospect of self-screening but generally preferred a questionnaire to

the Internet, which was preferred to the telephone. The majority of

subjects were older than 65 years and were also less likely to be positive

about Internet-based screening for hearing. Interestingly, respondents

reported trusting results from a questionnaire-based screening more

than those from an objective screening procedure although there was

sufficiently high trust in objective procedures to fulfill the intention of

a screening test—to seek medical assistance. Responses differed among

the three countries, but the vast majority of respondents found the

prospect of having their hearing screened from home acceptable.43

Other reports were primarily intervention-related with a compo-

nent concerning patient perceptions included. In a report on remote

cochlear implant programming, subjects indicated the same satis-

faction on the remote and face-to-face sessions, but one in three

remote sessions lasted too long as opposed to face-to-face sessions.41

Also, in 2 of the 12 remote sessions subjects reported some discomfort

and requested the stimulation to be stopped as opposed to the face-

to-face sessions.

In a randomized clinical trial of a self-help, Internet-based treat-

ment program for tinnitus based on cognitive behavioral therapy

principles, patients were surveyed before treatment commenced on

their beliefs about whether the treatment will help them or not

(treatment credibility).35 Surprisingly, no differences were found in

patient preferences or credibility ratings between traditional (face-

to-face) and self-help Internet treatments. In a follow-up clinical trial

with some adjustments made to the Internet-based program, the

credibility rating for the Internet treatment was significantly lower

than for the conventional group-based cognitive behavioral treat-

ment.36 This was attributed to the timing of the questionnaire ad-

ministration, which was collected before randomization when

participants had less knowledge about the treatment they were to

receive (as opposed to the previous clinical trial). In addition, par-

ticipants were asked to rate the credibility of both treatments instead

of rating only the assigned treatment. Further, the authors propose

that the actual importance of these findings may be questionable

because treatment credibility and preference did not affect outcome.

Conclusions
Peer-reviewed empirical studies on tele-audiology are limited in

number, but the scope of utilization of this technology spans various

areas of audiological service delivery including screening, diagnosis,

and intervention. Several screening applications for populations

consisting of infants, children, and adults have demonstrated the

feasibility and reliability of screening facilitated through telehealth

using both synchronous and asynchronous models. The diagnostic

procedures reported, including audiometry, video-otoscopy, OAE,

and ABR, confirm clinically equivalent results for remote, telehealth-

enabled tests compared to conventional face-to-face versions. Fur-

ther, the few reported intervention studies using telehealth, such as

Table 3. Research and Development Priorities
for Tele-Audiology

Validation of tele-audiology diagnostic procedures (particularly for

pediatric populations)

Video-otoscopy by audiologists

Audiometry (pure tone and speech)

Immittance (tympanometry and acoustic reflexes)

Oto-acoustic emissions

Auditory evoked potentials

Intraoperative monitoring

Case history information

Validation of tele-audiology intervention services (particularly

for pediatric populations)

Counseling and follow-up

Hearing aid fitting, verification, and troubleshooting

Cochlear implant mapping and troubleshooting

Rehabilitation programs

Establishing best practice protocols and service delivery models

employing synchronous and asynchronous models

Integration of automated test procedures for store-and-forward

applications in tele-audiology

Development of novel tele-audiology specific devices (e.g., monitoring

of environmental noise remotely)

Determining patient and clinician perceptions and experiences with

tele-audiology

Audiological training and mentoring through telehealth

Establishing minimum equipment, bandwidth, and personnel

requirements for synchronous and asynchronous audiological procedures

Cost-effectiveness studies comparing conventional and tele-audiology services
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hearing aid verification and Internet-based treatment for tinnitus,

demonstrate reliable and effective applications of telehealth com-

pared to conventional face-to-face methods. The very limited in-

formation on patient perceptions reveal mixed findings and require

more specific investigations, especially post facto surveys of patient

experiences. To date, no reports describe audiology clinicians’ per-

ceptions of tele-audiology services.

Although initial findings are promising, significant research on

audiological practice and education facilitated through telehealth is

required as highlighted by the limitations in the depth and breadth of

current reports. The majority of these studies on audiological diagnosis

and intervention were conducted on adults, and many audiological

areas of practice have not been applied through telehealth means. No

protocols and service delivery models are currently specified for spe-

cific populations, and the current understanding of patient and clini-

cian perceptions is poor and incomplete. Further, important issues such

as financial costs and resources for tele-audiology within existing

healthcare infrastructures and models remain to be addressed by

systematic investigations and cost-analysis studies. Current reports are

almost exclusively from research-funded studies and not from existing

service delivery mechanisms where healthcare funding models are

employed. Although initial evidence suggests that significant cost

savings are possible across the scope of audiological services, these

must be quantified and potential funding sources=models identified. In

developing countries, where medical resources are scarce and tele-

health promises cost-efficient access, such studies are particularly

important, along with models of funding these services.44 Table 3

summarizes the priority areas for future research and development in

tele-audiology to address some of these limitations.

As a field in its infancy much work remains to be done to develop

and validate tele-audiology as a means of delivering services and for

providing training and education. The global absence of hearing

healthcare for the vast majority of people with hearing loss raises a

moral obligation to pursue ways of penetrating the underserved

communities with audiological services. Tele-audiology holds the

unique promise of bridging this gap by delivering services through

the expanding reach of global connectivity.
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of the hospital anxiety and depression scale in a sample of tinnitus patients.
J Psychosom Res 2003;55:259–262.
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APPENDIX I: Databases and Search Strategy Details

DATABASE SEARCH STRATEGY IDENTIFIERS RESULTS LIMITERS

Medline MeSH terms related to telehealth and
audiology for the same article

Telehealth MeSH terms:
‘‘telemedicine’’ OR ‘‘computer communication networks’’

Audiology MeSH terms:
‘‘Diagnostic Techniques, Otological’’ OR ‘‘audiology’’ OR
‘‘hearing disorders’’ OR ‘‘sensory aids’’ OR ‘‘rehabilitation
of hearing impaired’’

107 English

Medline Audiology-related terms occurring in
all fields of telemedicine-related journals
(8 journals)

Telehealth-related journals:
Any journal with the syllable ‘‘tele’’ in the title

Audiology-related terms:
‘‘audiolog’’a OR ‘‘audiometr’’a OR ‘‘hearing’’ OR ‘‘otoscopy’’
OR ‘‘auditory’’ OR ‘‘vestibular’’ OR ‘‘cochlear’’ OR ‘‘ear’’
OR ‘‘tympanometry’’ OR ‘‘immittance’’ OR ‘‘otoacoustic’’
OR ‘‘tinnitus’’ OR ‘‘hyperacusis’’

33 English

Medline Telehealth-related terms occurring in all
fields of audiology-related journal articles
(45 journals)

Audiology-related journals:
Any journal containing ‘‘oto’’ OR ‘‘audiolog’’a OR ‘‘ear’’
OR ‘‘hearing’’ OR ‘‘communication disorders’’ in the title

Telehealth-related terms:
‘‘tele-audiology’’ OR ‘‘telehearing’’ OR ‘‘telehealth’’
OR ‘‘telemedicine’’ OR ‘‘e-health’’ OR ‘‘telepractice’’
OR ‘‘Internet’’

128 English

SCOPUS Telehealth- and audiology-related terms
occurring in the title, abstract,
or keywords of articles

Telehealth-related terms:
‘‘tele-audiology’’ OR ‘‘telehearing’’ OR ‘‘telehealth’’
OR ‘‘telemedicine’’ OR ‘‘e-health’’ OR ‘‘telepractice’’

Audiology-related terms:
‘‘audiolog’’a OR ‘‘audiometr’’a OR ‘‘hearing’’ OR ‘‘otoscopy’’
OR ‘‘auditory’’ OR ‘‘vestibular’’ OR ‘‘cochlear’’ OR ‘‘ear’’
OR ‘‘tympanometry’’ OR ‘‘immittance’’ OR ‘‘otoacoustic’’
OR ‘‘tinnitus’’ OR ‘‘hyperacusis’’

101 English;
exclude re-
views and
editorials

CINAHL Telehealth- and audiology-related terms
occurring in main subject words of
articles

Telehealth-related terms:
‘‘tele-audiology’’ OR ‘‘telehearing’’ OR ‘‘telehealth’’
OR ‘‘telemedicine’’ OR ‘‘e-health’’ OR ‘‘telepractice’’

Audiology-related terms:
‘‘audiolog’’a OR ‘‘audiometr’’a OR ‘‘hearing’’ OR ‘‘otoscopy’’
OR ‘‘auditory’’ OR ‘‘vestibular’’ OR ‘‘cochlear’’ OR ‘‘ear’’
OR ‘‘tympanometry’’ OR ‘‘immittance’’ OR ‘‘otoacoustic’’
OR ‘‘tinnitus’’ OR ‘‘hyperacusis’’

29 English; peer
reviewed; re-
search article

aAny word starting with the specified part of a word, e.g., ‘‘audiologic’’ will include terms such as ‘‘audiological’’ and ‘‘audiology.’’
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APPENDIX II. Summary of Studies Included in the Review

AUTHORS YEAR JOURNAL CATEGORY STUDY TYPE

MODEL=
CONNECTION=

DISTANCE SUBJECTS PROCEDURES CONCLUSIONS

Virre et al.31 1997 Telemedicine
Journal

Diagnostic Proof-of-
concept study.
Case report on
remote bal-
ance disorder
consultation

Asynchronous;
T1 connection
and distance
unspecified

Single-case
adult report

Cameras allow-
ing patient
eye move-
ments to be
recorded

Effective con-
sultation of
balance disor-
ders and
analysis of
nystagmus
remotely

Andersson
et al.33

2002 Psychosomatic
Medicine

Intervention Randomized
controlled
trial of In-
ternet-based
cognitive
behavioral
therapy for
tinnitus-re-
lated distress

Asynchronous
self-help;
Internet-
based

Adult subjects
with history
of at least 6
months of
tinnitus. 117
adults on
the Internet-
based treat-
ment

117 adult sub-
jects as-
signed to the
two groups

High dropout
rate for In-
ternet-based
treatment.
But results
indicate In-
ternet-based
treatment
can
decrease the
annoyance
associated
with tinnitus

Andersson
et al.32

2003 Journal of Psy-
chosomatic
Research

Diagnostic Proof-of-con-
cept study.
One group
completing
an anxiety
and depres-
sion scale for
tinnitus on
the Internet
and a second
group com-
pleting on
paper with
pen

Asynchronous
Internet-
based

Adults with
tinnitus
completing
question-
naire online
(n¼ 157).
Adults with
tinnitus
completing
question-
naire on pa-
per with
pencil

Questionnaires
completed
online and
with pencil
and paper

The Internet
yielded com-
parable and
valid data
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Appendix II. Summary of Studies Included in the Review continued

AUTHORS YEAR JOURNAL CATEGORY STUDY TYPE

MODEL=
CONNECTION=

DISTANCE SUBJECTS PROCEDURES CONCLUSIONS

Givens et al.21 2003 Telemedicine
Journal
and e-Health

Diagnostic Experimental
design com-
paring face-
to-face audi-
ometry with
remote test-
ing

Synchronous;
unspecified
connection
and distance

PT AC audiome-
try (31 adults)

Sound-treated
room. Two
independent
audiologists
tested syn-
chronous PC-
based audi-
ometry

PT AC audiome-
try was
equivalent
between re-
mote and on-
site testing

Givens and
Elangovan22

2003 American Jour-
nal of
Audiology

Diagnostic Experimental
design com-
paring face-
to-face audi-
ometry with
remote test-
ing

Synchronous;
unspecified
connection
and distance

PT AC audiom-
etry (45
adults). PT
BC audiome-
try (25
adults)

Sound-treated
room. Two
independent
audiologists
tested syn-
chronous
PC-based
audiometry

PT AC and BC
audiometry
were equiva-
lent between
remote and
on-site test-
ing

Patricoski
et al.26

2003 Telemedicine
Journal and
e-Health

Diagnostic Experimental
design com-
paring face-
to-face mi-
croscopic ex-
amination
with video-
otoscope still
images

Asynchronous
store-and-
forward

Video-oto-
scopic still
images (40
children and
adults aged
between 1
and 21 years;
80 ears).
Face-to-face
microscope
ear examina-
tion

Two physicians
examined
ear in face-
to-face ses-
sions. Still
images were
taken.
Images re-
viewed at 6
and 12
weeks by the
same two
physicians

Review of
video-
otoscope
images is
comparable
to in-person
microscopic
examination

Andersson and
Kaldo34

2004 Journal of
Clinical Psy-
chology

Intervention Proof-of-con-
cept study.
Case report
study on In-
ternet-based
self-test
treatment
program ac-
cessed re-
motely

Asynchronous
self-help; In-
ternet-based

Single-case
adult report

Six modules to
be completed
in 6–10
weeks with e-
mail corre-
spondence.
Pretreatment,
posttreat-
ment follow-
up measures

Anxiety and
depression
levels were
reduced
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Appendix II. Summary of Studies Included in the Review continued

AUTHORS YEAR JOURNAL CATEGORY STUDY TYPE

MODEL=
CONNECTION=

DISTANCE SUBJECTS PROCEDURES CONCLUSIONS

Kaldo-
Sandström
et al.35

2004 American Jour-
nal of
Audiology

Intervention,
patient per-
ceptions

Nonrandomized
clinical effec-
tiveness
study

Asynchronous
self-help; In-
ternet-based

Internet-based
self-test
treatment
program ac-
cessed re-
motely by
patients (77
adults)

Six modules to
be completed
in 6–10 weeks.
Pretreatment,
posttreatment,
and 3 month
follow-up
measures

Valid procedure
indicating
positive find-
ings but
dropout rates
are problem-
atic

Smits et al.16 2004 International
Journal of
Audiology

Screening Proof-of-con-
cept study.
Development
and compari-
son of
speech-in-
noise screen-
ing test over
telephone
and head-
phones

Asynchronous
self-test; In-
ternet-based

Telephone-
based self-
test (n¼ 38
subjects; 22
normal ears,
54 ears with
hearing loss)

Compared
screening in
laboratory
setup using
headphones
and tele-
phones to
telephone
use from
home; com-
pared results
with diag-
nostic HINT

Reliable
screening
test. Tele-
phone and
headphone
screening
was efficient

Eikelboom
et al.28

2005 International
Journal of
Pediatric
Otorhinolar-
yngology

Diagnostics Proof-of-con-
cept study.
Comparing
in-person
otoscopic ex-
amination to
digital im-
ages of the
ear canal and
tympanic
membrane

Asynchronous
store-and-
forward

Video-
otoscopic still
images com-
pared to in-
person oto-
scopic exam-
inations (66
children; 127
ears)

Same physician
conducted
in-person
assessment
and 1 month
later evalu-
ated digital
images

Digital images
were of good
quality al-
though
poorer with
younger-
aged children
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Appendix II. Summary of Studies Included in the Review continued

AUTHORS YEAR JOURNAL CATEGORY STUDY TYPE

MODEL=
CONNECTION=

DISTANCE SUBJECTS PROCEDURES CONCLUSIONS

Eikelboom and
Atlas42

2005 Journal of Tele-
medicine and
Telecare

Patient percep-
tions

Descriptive sur-
vey of patient
attitudes

N=A Survey of pa-
tient atti-
tudes to
telemedicine
and willing-
ness to use it
(n¼ 116
adult pa-
tients; 46%
older than 65)

Questionnaire
completed by
patients at-
tending four
audiology
clinics

30% of patients
were unwill-
ing to receive
audiological
services
through tele-
medicine,
32% were
willing, 10%
would be
willing some-
times, and
28% were
unsure

Ribera25 2005 Seminars in
Hearing

Diagnostic Experimental
design com-
paring face-
to-face eval-
uation with
HINT and re-
mote testing

Synchronous
high-speed
LAN

HINT (20
adults)

Two setups.
One at two
separate lo-
cations on
the same
LAN. Second
included a
remote site

HINT can be
administered
remotely
with equiva-
lent results

Towers et al.29 2005 Seminars in
Hearing

Diagnostic Experimental
design com-
paring face-
to-face ABR
testing with
remote test-
ing

Synchronous;
T1 connec-
tion; unspec-
ified distance

ABR (500,
3,000 Hz to-
neburst and
click stimuli)
(15 adults)

Synchronous
PC-based
testing at 55
and 75 dB.
Two tests
on-site and a
third test
remotely.
Evaluated
latency

Comparable re-
sults be-
tween sites
with values
within clini-
cally
accepted
variability
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Appendix II. Summary of Studies Included in the Review continued

AUTHORS YEAR JOURNAL CATEGORY STUDY TYPE

MODEL=
CONNECTION=

DISTANCE SUBJECTS PROCEDURES CONCLUSIONS

Smits et al.17 2006 Clinical Otolar-
yngology

Screening Proof-of-con-
cept study.
Observational
cross-sec-
tional design

Asynchronous
self-test; In-
ternet-based

Speech-in-noise
screening via
telephone
(n¼ 6,351
adults and
adolescents)
and via
Internet
(n¼ 30,260
adults and
adolescents)

Self-test. Sub-
jects either
call in for the
automated
hearing
screening or
connect to
the Internet
site

Screening is
possible over
the telephone
and Internet.
Calibration is
an issue

Laplante-
Lévesque
et al.40

2006 International
Journal of
Audiology

Intervention Qualitative
multiple
case study
design

Asynchronous
Internet-
based

New hearing
aid users (3
adults)

Internet-based
counseling
program
through daily
e-mails for
the first
month from
audiologist.
Data included
interviews
with partici-
pants, e-mail
interchanges,
and audio-
logical files

Powerful com-
munication
medium for
observing
changes in
behavior and
perceptions
of new
hearing aid
users. Imme-
diacy of e-
mail provides
possibility
for timely
response to
concerns
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Appendix II. Summary of Studies Included in the Review continued

AUTHORS YEAR JOURNAL CATEGORY STUDY TYPE

MODEL=
CONNECTION=

DISTANCE SUBJECTS PROCEDURES CONCLUSIONS

Choi et al.23 2007 Telemedicine
and e-Health

Diagnostic Experimental
design com-
paring face-
to-face audi-
ometry with
remote test-
ing

Synchronous;
broadband
wired net-
work; 1 km
distance

PT AC audiome-
try (12 nor-
mal)

Sound booth.
Synchronous
PC-based au-
diometry

Comparable
thresholds
although
slightly high-
er variation
between re-
mote and
face-to-face
thresholds
compared to
face-to-face
comparison
on PC-based
vs. conven-
tional audi-
ometer

Krumm et al.24 2007 Journal of Tel-
emedicine
and Telecare

Diagnostic Experimental
design com-
paring face-
to-face audi-
ometry and
DPOAE eval-
uations with
remote test-
ing

Synchronous;
broadband
LAN;
1,100 km
distance

PT AC audiom-
etry and
DPOAE (30
adult sub-
jects)

Synchronous
PC-based
audiometry
and DPOAE
in sound
booth

Equivalent re-
sults from
remote loca-
tion

Bexelius et al.18 2008 Journal of
Medical In-
ternet Re-
search

Screening Proof-of-con-
cept study
with obser-
vational
cross-sec-
tional design

Asynchronous
self-test; In-
ternet-based

Subjects com-
pleting an
Internet-
based hear-
ing screen-
ing test
(n¼ 88)

Description of
results

Hearing
screening
can be con-
ducted over
the Internet.
Calibration is
an issue
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Appendix II. Summary of Studies Included in the Review continued

AUTHORS YEAR JOURNAL CATEGORY STUDY TYPE

MODEL=
CONNECTION=

DISTANCE SUBJECTS PROCEDURES CONCLUSIONS

Kaldo et al.36 2008 Behavior Ther-
apy

Intervention,
patient per-
ceptions

Randomized
controlled
trial for cog-
nitive behav-
ior therapy
for tinnitus
delivered as
Internet-
based and
standard
group-based

Asynchronous
self-help; In-
ternet-based

Standard group-
based therapy
(n¼ 25
adults). Inter-
net-based
therapy (n
26 adults)

Comparison of
Internet-
based and
standard
group-based
cognitive
therapy for
tinnitus. Self-
report inven-
tories mea-
suring tinni-
tus distress
immediately
after treat-
ment and 1
year later

Internet treat-
ment was
comparable,
statistically
and clinically,
to conven-
tional therapy

Koopman
et al.43

2008 International
Journal of
Audiology

Patient percep-
tions

Survey of pref-
erences for
hearing
screening
delivery
methods

N=A Survey of pref-
erence for
hearing
screening via
question-
naire, tele-
phone, or
Internet
(n¼ 202 re-
spondents;
majority over
65 years)

Questionnaires
mailed

Enthusiastic
about pros-
pect of self-
screening.
Question-
naire gener-
ally preferred
to Internet,
which was
preferred to
telephone

Krumm et al.19 2008 Journal of Tel-
emedicine
and Telecare

Screening Experimental
design com-
paring face-
to-face
screening
with remote
testing

Synchronous;
broadband
connection;
200 km dis-
tance

DPOAE and
AABR
screening
(30 infants)

Synchronous
DPOAE and
AABR testing

Identical find-
ings for re-
mote and on-
site screen-
ings. DPOAE
amplitudes
equivalent
across fre-
quencies be-
tween sites
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Appendix II. Summary of Studies Included in the Review continued

AUTHORS YEAR JOURNAL CATEGORY STUDY TYPE

MODEL=
CONNECTION=

DISTANCE SUBJECTS PROCEDURES CONCLUSIONS

Shapiro et al.30 2008 Otology and
Neurotology

Diagnostic Prospective de-
sign to deter-
mine feasibil-
ity and time
efficiency

Synchronous;
unspecified
connection;
same neigh-
borhood

Cochlear im-
plant and
patient re-
sponse to
electrical
stimulation
(4 devices
tested on-
site and
4 tested
remotely)

Operating the-
ater. On-site
audiological
monitoring
and off-site
synchronous
monitoring
through PC-
based appli-
cation shar-
ing

Remote testing
of the co-
chlear im-
plant device
and patient’s
response to
electrical
stimulation is
technically
feasible,
time-saving,
practical, and
cost-efficient

Lancaster
et al.20

2008 American Jour-
nal of
Audiology

Screening Experimental
design com-
paring face-
to-face
screening
with remote
testing

Synchronous
and asyn-
chronous;
200 kb Inter-
net connec-
tion; 30-mile
distance

Otoscopy, PT
AC audiome-
try, tympa-
nometry (32
children)

Synchronous
(otoscopy
and PT AC
audiometry),
asynchro-
nous (tym-
panometry)

No statistically
significant
differences
between
screen re-
sults. Oto-
scopy and
tympanome-
try gave
same results.
Pure tone
screen re-
sults dif-
fered in 5
cases (n
32)—only 5
of 193 fre-
quencies
tested
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APPENDIX II. Summary of Studies Included in the Review continued

AUTHORS YEAR JOURNAL CATEGORY STUDY TYPE

MODEL=
CONNECTION=

DISTANCE SUBJECTS PROCEDURES CONCLUSIONS

Kokesh et al.27 2008 Otolaryngolo-
gy—Head and
Neck Surgery

Diagnostic Experimental
design. Diag-
nosis from
video-oto-
scopic still
images of
tympanic
membrane
compared to
face-to-face
microscopic
examination

Asynchronous
store-and-
forward

Children be-
tween 1 and
16 years of
age (n¼ 70
ears) for fol-
low-up care
following
tympanost-
omy tube
placement

Video-otoscopy
still images
compared to
on-site
examination
by two
independent
ENTs

Video-otoscopy
still images
are compara-
ble to in-
person
examination.
Store-and-
forward
acceptable
method

Ramos et al.41 2009 Acta-Otolaryn-
gologica

Intervention,
patient per-
ceptions

Randomized
study
comparing
on-site CI
program-
ming to
remote CI
program-
ming

Synchronous;
high-speed
connection;
300 m

Cochlear im-
plant map-
ping (5 adult
subjects)

12 remote and
12 standard CI
mapping ses-
sions (4 pro-
gramming
days sepa-
rated by 3
months) com-
pared pro-
gram parame-
ters, auditory
progress, per-
ceptions of
sessions,
technical as-
pects, risks,
and difficul-
ties

Remote pro-
gramming
without inci-
dents. No
significant
differences
between
groups. Per-
formance in
groups 3
months post-
programming
indicated no
difference.
Subjects indi-
cated satis-
faction with
both methods
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Appendix II. Summary of Studies Included in the Review continued

AUTHORS YEAR JOURNAL CATEGORY STUDY TYPE

MODEL=
CONNECTION=

DISTANCE SUBJECTS PROCEDURES CONCLUSIONS

Ferrari and Ber-
nardez-
Braga37

2009 Journal of Tele-
medicine and
Telecare

Intervention Experimental
design com-
paring face-
to-face verifi-
cation of
hearing aid
performance
with remote
verification

Synchronous;
384 kb LAN;
distance not
specified

Probe micro-
phone mea-
surements
(REUR, REAR,
and REIG). 60
adult hearing
aid users (105
ears)

Synchronous
measure-
ments

Comparable re-
sults between
sites with
values within
clinically ac-
cepted vari-
ability

Diagnostic Intervention Screening Patient perceptions

ABR, auditory brainstem response; AC, air conduction; BC, bone conduction; CI, cochlear implant; DPOAE, distortion product oto-acoustic emissions;
HINT, Hearing-in-Noise-Test; LAN, local area network; N=A, not applicable; PC, personal computer; PT, pure tone.

Note: Light blue rows indicate diagnostic, dark blue rows indicate intervention, white rows indicate screening, and gray rows indicate patient perceptions.

SWANEPOEL AND HALL

200 TELEMEDICINE and e-HEALTH MARCH 2010


	Article 1: asd diagnostic practices in australia
	Diagnostic evaluation for autism spectrum disorder: a survey of health professionals in Australia
	Abstract
	Method
	Participants
	Procedure
	Statistical analysis

	Results
	Response and completion rates
	Diagnostic processes
	Diagnostic practices

	Discussion
	Conclusion
	References


	Article 2: Auditory Plasticity in adults
	Artictle 3: Aural rehabilitation
	Article 4: Autism and peripheral hearing loss
	Article 5: Binaural integration in children
	Evidence of binaural integration benefits following ARIA training for children and adolescents diagnosed with amblyaudia
	Methods
	Statistical methods
	Results
	Discussion
	Conclusions
	Declaration of interest
	References


	Article 6: Dementia
	Article 7: Granberg. Dahlstrom. moller. 2014. The ICF Core Sets for hearing loss. researcher perspective.  Part 1
	Article 8: Granberg. moller. 2014. The ICF Core Sets for hearing loss. researcher perspective. Part 2
	Article 9: Hearing industry disruptors
	Article 10: Mild hearing loss
	Article 11: Rance et al 2014 Use of listening devices to ameliorate auditory deficit in children with autism
	The Use of Listening Devices to Ameliorate Auditory Deficit in Children with Autism
	Methods
	Results
	Hearing Disability Survey
	Auditory Temporal Processing
	Spatial Processing
	Open-Set Speech Discrimination
	Open-Set Speech Perception (FM Aided)

	FM Device Trial
	Hearing Disability
	Classroom Listening


	Discussion
	References


	Article 12: Syndromic Hearing Loss
	Article 13: Tele-Audiology



