
Acceptability, benefit and costs of early
screening for hearing disability: a study
of potential screening tests and models

A Davis, P Smith, M Ferguson, D Stephens 
and I Gianopoulos

Health Technology Assessment 2007; Vol. 11: No. 42

HTAHealth Technology Assessment
NHS R&D HTA Programme
www.hta.ac.uk

The National Coordinating Centre for Health Technology Assessment,
Mailpoint 728, Boldrewood,
University of Southampton,
Southampton, SO16 7PX, UK.
Fax: +44 (0) 23 8059 5639 Email: hta@hta.ac.uk
http://www.hta.ac.uk ISSN 1366-5278

Feedback
The HTA Programme and the authors would like to know 

your views about this report.

The Correspondence Page on the HTA website
(http://www.hta.ac.uk) is a convenient way to publish 

your comments. If you prefer, you can send your comments 
to the address below, telling us whether you would like 

us to transfer them to the website.

We look forward to hearing from you.

October 2007

H
ealth Technology Assessm

ent 2007;Vol. 11: N
o. 42

A
cceptability, benefit and costs of early screening for hearing disability

Copyright notice
© Queen's Printer and Controller of HMSO 2007HTA reports may be freely reproduced for the purposes of private research and study and may be included in professional journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertisingViolations should be reported to hta@hta.ac.ukApplications for commercial reproduction should be addressed to HMSO, The Copyright Unit, St Clements House, 2–16 Colegate, Norwich NR3 1BQ



How to obtain copies of this and other HTA Programme reports.
An electronic version of this publication, in Adobe Acrobat format, is available for downloading free of
charge for personal use from the HTA website (http://www.hta.ac.uk). A fully searchable CD-ROM is
also available (see below). 

Printed copies of HTA monographs cost £20 each (post and packing free in the UK) to both public and
private sector purchasers from our Despatch Agents.

Non-UK purchasers will have to pay a small fee for post and packing. For European countries the cost is
£2 per monograph and for the rest of the world £3 per monograph.

You can order HTA monographs from our Despatch Agents:

– fax (with credit card or official purchase order) 
– post (with credit card or official purchase order or cheque)
– phone during office hours (credit card only).

Additionally the HTA website allows you either to pay securely by credit card or to print out your
order and then post or fax it.

Contact details are as follows:
HTA Despatch Email: orders@hta.ac.uk
c/o Direct Mail Works Ltd Tel: 02392 492 000
4 Oakwood Business Centre Fax: 02392 478 555
Downley, HAVANT PO9 2NP, UK Fax from outside the UK: +44 2392 478 555

NHS libraries can subscribe free of charge. Public libraries can subscribe at a very reduced cost of 
£100 for each volume (normally comprising 30–40 titles). The commercial subscription rate is £300 
per volume. Please see our website for details. Subscriptions can only be purchased for the current or
forthcoming volume.

Payment methods

Paying by cheque
If you pay by cheque, the cheque must be in pounds sterling, made payable to Direct Mail Works Ltd
and drawn on a bank with a UK address.

Paying by credit card
The following cards are accepted by phone, fax, post or via the website ordering pages: Delta, Eurocard,
Mastercard, Solo, Switch and Visa. We advise against sending credit card details in a plain email.

Paying by official purchase order
You can post or fax these, but they must be from public bodies (i.e. NHS or universities) within the UK.
We cannot at present accept purchase orders from commercial companies or from outside the UK.

How do I get a copy of HTA on CD?

Please use the form on the HTA website (www.hta.ac.uk/htacd.htm). Or contact Direct Mail Works (see
contact details above) by email, post, fax or phone. HTA on CD is currently free of charge worldwide.

The website also provides information about the HTA Programme and lists the membership of the various
committees.

HTA



Acceptability, benefit and costs of early
screening for hearing disability: a study
of potential screening tests and models

A Davis,1* P Smith,1,2 M Ferguson,3 D Stephens4

and I Gianopoulos5

1 MRC Hearing and Communication Group, The University of Manchester, UK
2 Hearing Services Department, University Hospitals of Leicester NHS

Trust, UK
3 MRC Institute of Hearing Research, Clinical Section, 

Eye, Ear, Nose and Throat Centre, Queen’s Medical Centre, 
Nottingham, UK

4 School of Medicine, Cardiff University, UK
5 ENT Department, Leeds General Infirmary, Leeds Teaching Hospitals

NHS Trust, UK

* Corresponding author

Declared competing interests of authors: A Davis is Director of the NHS Newborn
Hearing Screening Programme and a Clinical Champion for audiology in the NHS 18-week
wait programme

Published October 2007

This report should be referenced as follows:

Davis A, Smith P, Ferguson M, Stephens D, Gianopoulos I. Acceptability, benefit and costs
of early screening for hearing disability: a study of potential screening tests and models.
Health Technol Assess 2007;11(42).

Health Technology Assessment is indexed and abstracted in Index Medicus/MEDLINE,
Excerpta Medica/EMBASE and Science Citation Index Expanded (SciSearch®) and 
Current Contents®/Clinical Medicine.



NIHR Health Technology Assessment Programme

The Health Technology Assessment (HTA) programme, now part of the National Institute for Health
Research (NIHR), was set up in 1993. It produces high-quality research information on the costs,

effectiveness and broader impact of health technologies for those who use, manage and provide care in
the NHS. ‘Health technologies’ are broadly defined to include all interventions used to promote health,
prevent and treat disease, and improve rehabilitation and long-term care, rather than settings of care.
The research findings from the HTA Programme directly influence decision-making bodies such as the
National Institute for Health and Clinical Excellence (NICE) and the National Screening Committee
(NSC). HTA findings also help to improve the quality of clinical practice in the NHS indirectly in that
they form a key component of the ‘National Knowledge Service’.
The HTA Programme is needs-led in that it fills gaps in the evidence needed by the NHS. There are
three routes to the start of projects. 
First is the commissioned route. Suggestions for research are actively sought from people working in the
NHS, the public and consumer groups and professional bodies such as royal colleges and NHS trusts.
These suggestions are carefully prioritised by panels of independent experts (including NHS service
users). The HTA Programme then commissions the research by competitive tender. 
Secondly, the HTA Programme provides grants for clinical trials for researchers who identify research
questions. These are assessed for importance to patients and the NHS, and scientific rigour.
Thirdly, through its Technology Assessment Report (TAR) call-off contract, the HTA Programme
commissions bespoke reports, principally for NICE, but also for other policy-makers. TARs bring 
together evidence on the value of specific technologies.
Some HTA research projects, including TARs, may take only months, others need several years. They can
cost from as little as £40,000 to over £1 million, and may involve synthesising existing evidence,
undertaking a trial, or other research collecting new data to answer a research problem.
The final reports from HTA projects are peer-reviewed by a number of independent expert referees
before publication in the widely read monograph series Health Technology Assessment. 

Criteria for inclusion in the HTA monograph series
Reports are published in the HTA monograph series if (1) they have resulted from work for the HTA
Programme, and (2) they are of a sufficiently high scientific quality as assessed by the referees and editors.
Reviews in Health Technology Assessment are termed ‘systematic’ when the account of the search,
appraisal and synthesis methods (to minimise biases and random errors) would, in theory, permit the
replication of the review by others.

The research reported in this monograph was commissioned by the HTA Programme as project number
94/46/01. The contractual start date was in April 1998. The draft report began editorial review in April
2005 and was accepted for publication in February 2007. As the funder, by devising a commissioning
brief, the HTA Programme specified the research question and study design. The authors have been
wholly responsible for all data collection, analysis and interpretation, and for writing up their work. The
HTA editors and publisher have tried to ensure the accuracy of the authors’ report and would like to
thank the referees for their constructive comments on the draft document. However, they do not accept
liability for damages or losses arising from material published in this report.
The views expressed in this publication are those of the authors and not necessarily those of the 
HTA Programme or the Department of Health.

Editor-in-Chief: Professor Tom Walley
Series Editors: Dr Aileen Clarke, Dr Peter Davidson, Dr Chris Hyde, 

Dr John Powell, Dr Rob Riemsma and Professor Ken Stein
Programme Managers: Sarah Llewellyn Lloyd, Stephen Lemon, Kate Rodger, 

Stephanie Russell and Pauline Swinburne

ISSN 1366-5278

© Queen’s Printer and Controller of HMSO 2007
This monograph may be freely reproduced for the purposes of private research and study and may be included in professional journals provided
that suitable acknowledgement is made and the reproduction is not associated with any form of advertising.

Applications for commercial reproduction should be addressed to: NCCHTA, Mailpoint 728, Boldrewood, University of Southampton,
Southampton SO16 7PX, UK.

Published by Gray Publishing, Tunbridge Wells, Kent, on behalf of NCCHTA.
Printed on acid-free paper in the UK by St Edmundsbury Press Ltd, Bury St Edmunds, Suffolk. G



Objectives: To show that hearing loss has such a high
prevalence in the older population to justify screening,
if effective and acceptable methods are available; and
that population take-up and benefit can make a
measurable outcome difference in quality of life.
Design: A population study of people aged 55–74
years was undertaken. A clinical effectiveness study of
differently organised screening programmes was
carried out using a controlled trial to identify those
who might benefit from intervention (and the extent of
the benefit). A retrospective case–control study
examined the very long-term (more than 10 years)
compliance of patients in using their hearing aids after
early identification and determined the extent to which
early-identified hearing-impaired people have better
outcomes than equivalent people identified later. An
examination of the costs and cost-effectiveness of
different potential screening programmes was also
undertaken.
Setting: A population study was designed in the UK,
with specific stages being conducted in more depth on
a sample of people from Nottingham and
Southampton. The clinical effectiveness study was
conducted in general practices in Nottingham and Bath
using a systematic or opportunistic screen. The
retrospective case–control study compared a group of
early-identified hearing aid users, with control matched
for age, gender and occupation, in Cardiff, Glasgow and
Manchester.
Participants: In Great Britain responses were
obtained for 34,362 individuals from the postal
questionnaire as part of a population study, 506 were
interviewed, 351 were assessed for benefit from
amplification and 87 were fitted with a hearing aid. The
clinical effectiveness study received 1461 replies from

the first-stage questionnaire screen, with 306 people
assessed in the clinic, of whom 156 were fitted with
hearing aids. The retrospective case–control study
traced 116 previously fitted hearing aid users, who had
been identified by a screen, and then conducted a
case–control using 50 of these for whom complete
data were available, matching with two control groups
of 50 people.
Interventions: The major prospective interventions
were to introduce amplification through offering
people, with minimal hearing impairment, hearing aid(s)
in a rehabilitative setting. In the population study, aids
were offered as a monaural in-the-ear (ITE) hearing aid
and in the clinical effectiveness study people who met
the criteria were randomised to be offered two
different ITE hearing aids to be fitted bilaterally. The
retrospective case–control study used unilateral and
bilateral hearing aids.
Main outcome measures: Prevalence of hearing
problems and degree to which services meet need in
55–74-year age group. Public acceptability and
individual benefits of hearing screening and intervention
as a function of demographic and hearing domain-
specific characteristics. Improvement in quality of life.
Screening costs and cost-effectiveness as a function of
proposed programmes.
Results: It was found that 12% of people aged 55–74
years have a hearing problem that causes moderate or
severe worry, annoyance or upset, 14% have a bilateral
hearing impairment of at least 35 dB hearing level (HL)
and only 3% currently receive intervention, through
the use of hearing aids. Good amplification was shown
to benefit about one in four of this 55–74-year-old
population and the degree of hearing loss predicted
benefit well. Overall, there was a strong correlation
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between benefit from amplification and from using
hearing aids. Questionnaires and audiometric screens
gave good screening operating characteristics. The
systematic screening programme was more acceptable
and gave a better response than the opportunistic.
About 70% of those who were offered an aid accepted
a bilateral fitting. This increased to 95% for those with
�35 dB HL (averaged over 0.5, 1, 2 and 4 kHz in the
better ear). The retrospective case–control study
showed that long-term hearing aid use was low, unless
hearing impairment was quite high (e.g. >35 dB HL).
Those identified early had greater benefit through
additional years of use/better adaptation to use than
those of the same age and hearing impairment who
were fitted with hearing aids later. Different screening
programmes were modelled. The 35 dB HL better ear
average hearing impairment level was found to be a
good, robust and justifiable target group for screening
and here the most efficient and practicable method was
to use two questions in primary care concerning
hearing problems and a hearing screen using a pure
tone at 3 kHz 35 dB HL. The average cost of the
screening programme was £13 per person screened or

about £100 if treatment costs were included. Making
the conservative assumption that identification gives an
extra 9 years using hearing aids, the costs of screening
and intervention were in the range of £800–1000 per
quality-adjusted life-year when using the Health Utilities
Index and about £2500 using the Short Form 6
Dimensions metric. 
Conclusions: A simple systematic screen, using an
audiometric screening instrument, has been shown to
be acceptable to people in the age range 55–74 years,
is likely to provide substantial benefit and may be 
cost-effective to those in that target group. Hearing
screening appears to meet the National Screening
Committee’s criteria in most respects, provided
screening is targeted at those with at least 35 dB HL
better ear average. Based on the research carried out
here there is sufficient evidence to support a larger and
more definitive study of hearing screening. Further
research into who should be referred for and benefit
from audiological assessment and provision of hearing
aid in a primary care trust setting is needed as is
investigation into screening devices and the various
aspects of introducing such a programme.
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Background
About one in five adults in the UK has a bilateral
hearing problem that affects their hearing and
communication. The major problems occur in
listening to speech in a background of noise (e.g.
in social and family settings, shops, cafés or bars,
watching television), which makes communication
or enjoyment very difficult. Previous estimates have
suggested that at least one in ten people might
benefit from amplification, but currently only one
in six of those who might benefit have and fully
use their amplification (hearing aids and assistive
listening devices), and a further one in six are not
receiving substantial benefit from their aids. 

Typically, those who are referred for hearing
assessment recognise that they have had a hearing
problem for around 10 years or more, are aged in
their mid-seventies and have a substantial hearing
problem. The older that people are when they
present for assessment and intervention, the more
difficult they find adaptation to and care of their
hearing aids. It often takes 10 years for an
individual to recognise that they have a hearing
problem (but a shorter time for significant others).

The impact of this degree of hearing impairment
and reduced ability to communicate is substantial.
Communication difficulties associated with
hearing impairment cross the whole health and
social care spectrum. They can lead to depression,
social withdrawal and problems with employment
and access to information sources. People with
hearing impairment are highly likely to have other
problems (there is a 40% co-morbidity) such as
tinnitus and balance disorders which contribute in
part as risk factors for falls and other accidental
injury. Imbalance and falls in older people are
frequent causes of loss of independence, avoidable
illness and mortality.

Over the next 15 years hearing impairment will be
an increasing population problem, because of the
ageing population profile. It is likely to increase by
10–15% in population terms, without any shift in
the prevalence of hearing impairment.

The Modernising Hearing Aid Services
programme has recently been completed in

England, with similar programmes in Wales,
Northern Ireland and Scotland. This has provided
hearing aid departments with new, digital signal
processing hearing aids, and with the
infrastructure, patient management systems,
information technology and training to provide a
quality service and deliver the national patient
journey from referral to follow-up. As part of this
initiative there is much work concerned with
meeting need in the population and meeting a
demand that appears to be increasing. Skill mix,
use of private sector partnerships and
telemedicine all feature strongly in providing
capacity to that service. 

At present there are in excess of 3000
professionals working in the services, delivering
about 500,000 patient journeys per year
(1.5–2 million appointments and associated open
access clinics) and fitting 700,000 hearing aids.
This service costs in the region of £120 million per
year to the NHS. However, long waits for hearing
tests and the subsequent fitting of hearing aids
have been a major issue across the NHS audiology
departments. Diagnostic waiting times data
released in July 2006 by the Department of Health
estimated that around 250,000 patients are
waiting for either a first assessment or a
reassessment of hearing loss. The direct referral
pathway for hearing assessment for adult-acquired
hearing loss has not been included in the 18-week
delivery programme, as that programme only
covers referral to a medical specialist. However,
work to underpin the development of the 18-week
pathway principles and definitions identified that
adult hearing services need a specific action plan
to address these long-standing problems. This
work has identified options to reduce significantly
the unit cost of assessment and fit of digital aids
through a redesigned service specification. Part of
that solution may be to introduce a primary-care
based service that could include a screening test
element to bring better, more uniform referrals in
primary care.

The degree of unmet need, the late age of
presentation of most patients and the problems
they have in adapting to hearing aids at an older
age suggest that screening for hearing impairment
in older people ought to be investigated as a

Executive summary



priority. New technology, such as audiometric
screeners and automated otoacoustic emissions
(AOAE), is highly promising as a screen. AOAE is
currently used to identify newborn deafness in the
Newborn Hearing Screening Programme (NHSP).
It, and other more traditional methods, should be
evaluated to see whether it is cost-effective in
identifying adult hearing problems that could
benefit from intervention in a younger population
(e.g. 55–74 years) than those who present for
hearing assessment (e.g. 70–90 year olds).

Objectives
The objectives of this study were to show that
hearing loss has a high enough prevalence in the
older population to justify screening, if effective
and acceptable methods are available, and that
take-up and benefit can make a measurable
outcome difference in quality of life.

Design of the research
The research was organised in four strands:

1. A population study of people aged 55–74 years,
the objectives of which were:
● to find the prevalence of reported hearing

problems in the UK population and compare
with other ear, nose and throat problems that
people report

● to find out the use of primary care and
specialist hearing services as a function of
severity of hearing problems and age

● to assess the public’s attitudes to screening
and, in particular, the public’s take-up of
hearing screening and the hearing-impaired
public’s take-up of hearing aids as an
intervention for hearing disability

● to examine the extent to which the
population, using a representative subset of
the random sample, might benefit from
amplification and the factors that influence
this benefit

● to examine what screening techniques might
be best to identify those who would get
benefit from amplification

● to examine the extent to which benefit might
be realised in the real world by providing a
hearing aid.

2. A clinical effectiveness study using a controlled
trial to examine the acceptability of benefits
from candidature for and performance of
differently organised screening programmes
aimed at identifying those who might benefit

from intervention (and the extent of the benefit).
People who were screened by questionnaire who
admitted a hearing problem and those who did
not were invited for assessment. Following
assessment, a minimal hearing loss criterion was
used to offer intervention through one of two
types of hearing aid processing strategies which
were assigned at random.

3. A retrospective case–control study:
● to examine the very long-term (>10 years)

compliance of patients in using their hearing
aids after early identification

● to determine the extent to which early-
identified hearing-impaired people have
better outcomes than equivalent people
identified later.

4. Examination of the costs and cost-effectiveness
of different potential screening programmes.

Setting
Strand 1, the population study, was designed as a
population study in the UK, with stages 2–4 being
conducted on a sample of these from Nottingham
and Southampton.

Strand 2, the clinical effectiveness study, was
conducted in general practices in Nottingham and
Bath using a systematic or opportunistic screen.

Strand 3, the retrospective case–control study,
compared a group of early-identified hearing aid
users, identified at an early age in Cardiff, with
control matched for age, gender and occupation
in Cardiff, Glasgow and Manchester.

Participants
Strand 1 had 34,362 respondents in Great Britain,
who replied to the postal questionnaire, 506 who
were interviewed, 351 who were assessed for
benefit from amplification and 87 who were fitted
with a hearing aid. 

Strand 2 received 1461 replies from the first-stage
questionnaire screen, with 306 people assessed in
the clinic, of whom 156 were fitted with hearing
aids.

Strand 3 traced 116 previously fitted hearing aid
users, who had been identified by a screen, and
then conducted a case–control using 50 of these
for whom complete data were available, matching
with two control groups of 50 people.

Interventions
The major prospective interventions were to
introduce amplification through offering people
with minimal hearing impairment hearing aid(s)x

Executive summary



in a rehabilitative setting. In strand 1 these were
offered as a monaural in-the-ear (ITE) hearing aid
and in strand 2 people who met the criteria were
randomised to be offered two different ITE
hearing aids to be fitted bilaterally. Strand 3 used
unilateral and bilateral hearing aids.

Main outcome measures
The main outcomes measures were:

● prevalence of hearing problems and degree to
which services meet need in 55–74-year age
group

● public acceptability and individual benefits of
hearing screening and intervention as a
function of demographic and hearing domain-
specific characteristics

● improvement in quality of life
● screening costs and cost-effectiveness as a

function of proposed programmes.

Results
In Strand 1 it was found that:

● 12% of people aged 55–74 years have a hearing
problem that causes moderate or severe worry,
annoyance or upset

● 14% have a bilateral hearing impairment of at
least 35 dB HL

● only 3% currently receive intervention, through
the use of hearing aids

● these hearing problems, which mainly affect
ability to hear speech in noise, have a mean
reported duration of about 10 years

● over 90% of people interviewed felt that
hearing screening was acceptable, especially if
associated with their GP’s practice.

Good amplification was shown to benefit about
one in four of the population and the degree of
hearing loss predicted benefit well. In a population
intervention trial with a single hearing aid, less
benefit was received when measured in real-world
situations than in the laboratory. However, overall,
there was a strong correlation between benefit
from amplification and from using hearing aids.

Questionnaires and audiometric screens gave good
screening operating characteristics (sensitivity,
false-alarm rate, positive predictive value) while,
overall, more technically advanced options such as
otoacoustic emissions and speech in noise tests did
not perform as well.

In strand 2, one- and two-stage screening
programmes were examined in systematic and
opportunistic screening programmes. The

systematic screening programme was more
acceptable and gave a better response. The offer
of two hearing aids was accepted by about 70% of
those who were offered an aid. This increased to
95% for those with 35 dB HL or poorer. There
were substantial worthwhile benefits (+1 SD) in
terms of domain-specific outcomes such as hearing
in noise performance and hearing aid benefit
outcome inventories, and moderate benefits
measured in health utility [Health Utilities Index
(HUI) and Short Form 6 Dimensions (SF-6D)]
from amplification for this target group (35+ dB
HL). Generalisability of uptake will be affected by
a number of factors (service setting, research
participation incentives) that will need to be
explored in translating the research into service.

In strand 3, the retrospective case control study
showed that long-term hearing aid use was low,
unless hearing impairment was quite high (e.g.
35 dB HL). Those identified early had greater
benefit through additional years of use/better
adaptation to use than those of the same age and
hearing impairment who were fitted with hearing
aids later. 

In strand 4, the different screen programmes were
modelled and judged in terms of d�, cost and cost
per quality-adjusted life-year (QALY) against
different gold standards. The 35 dB HL better ear
average hearing impairment level was found to be a
good, robust and justifiable target group for
screening. In identifying this target group, the most
efficient and practicable method was to use two
questions in primary care concerning hearing
problems and a hearing screen using a pure 
tone at 3 kHz 35 dB HL (that was used in the
hearing aid clinic, but could be used in primary
care if costs per device were appropriate). The
average cost of the screening programme was £13
per person screened or about £100 if treatment
costs were included.

The benefits and costs were examined using the
HUI and the SF-6D. Making the conservative
assumption that identification gives 9 additional
years using hearing aids (average gain if identified
earlier, i.e. 63 rather than 72 years of age), the 
9-year costs of screening and intervention were in
the range of £800–1000 per QALY when using the
HUI and about £2500 using the SF-6D metric.
Sensitivity analysis showed that at the lower
confidence interval using the HUI outcome metric
the current costs of providing hearing aid services
would have to increase by about an order of
magnitude for the usual criterion of £20,000 per
QALY to be exceeded.
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Conclusions
Hearing impairment of moderate degree in adults
is a highly prevalent major public health problem
with a large impact on people’s lives, which 
is left too late before access to services is 
achieved. One in ten people aged 55–74 years 
is substantially impaired and would benefit from
referral. Lack of intervention impacts on activity
and causes substantial participation restriction
(handicap) in older people. Amplification 
gives substantial benefit to these people and this
benefit can be realised by provision of good-
quality hearing aids to people with this high
degree of need.

A simple systematic screen, using an audiometric
screening instrument, has been shown to be
acceptable to people in the age range 55–74 years,
is likely to provide substantial benefit and may be
cost-effective to those in that target group.
Hearing screening appears to meet the National
Screening Committee’s criteria in most respects,
provided screening is targeted at those with at
least 35 dB HL better ear average. Based on the
research carried out here there is sufficient
evidence to support a larger and more definitive
study of hearing screening.

In addition, if screening is targeted on the
younger age range, it will identify more people
who are currently not likely to self-refer, where the
additional benefits (e.g. from 10 years earlier
identification) are more likely to be found.
However, it should be noted that its benefit is not
solely restricted to this group at present (as older

people who would greatly benefit have not had any
screening and have not self-referred).

Recommendations for research
The following are recommended for future
research:

● A prospective randomised controlled trial of
one- and two-stage hearing screen is needed to
identify bilateral 35 dB HL or worse hearing
impairment in 60–70-year-old people and
intervene in a primary care trust setting 
using current NHS hearing aids (behind 
the ear)

● A prospective pilot of hearing screen triage is
needed to identify people who should be
referred for and benefit from audiological
assessment and provision of hearing aid in a
primary care trust setting.

● A simple, low-cost, audiometric screening device
could be developed and trialled

● A trial is needed of a Hearing Direct,
telemedicine alternative to questionnaires,
combined with a low-cost audiometric screen
device.

● A workforce review should be conducted to
estimate the impact of introducing the screen
on the audiological workforce in general and to
look at the workforce requirements for different
levels of staff to assist patients through the
patient journey.

● Modelling of different screening programmes
and their cost and financial impact should be
carried out.

Executive summary
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Background
Each year in England, approximately
400,000–500,000 hearing-impaired patients are
offered hearing aids and accept them. Their
median age has increased from about 70 years in
the early 1980s to about 74 years in 1999.1 Part of
the reason for this age increase in receiving
services is because there are very long waits across
England for audiology services; but many are
seeking services at a later age and not benefiting
from services when they could (some of these
people may not have sought services in the 
past). Only about half to one-third of hearing-
impaired people provided with hearing aids 
are first time hearing aid users. The average age
of first time users is about the same as the
population with hearing aids.2 The major 
cause of sensorineural hearing impairment is 
age-related hearing pathology which has a 
major focus around the cochlear outer hair cell
functioning. Hearing impairment usually develops
very slowly in those who have acquired it as they
grow older. It is argued that many people and
their families would have substantial benefit if they
had had access to hearing services and been
offered a hearing aid much earlier than they do
currently.

The National Study of Hearing (NSH)2 estimated
that while 20% of the adult population have a
bilateral hearing impairment at 25 dB hearing
level (HL) and above, at least 10% would
substantially benefit from a hearing aid. Less 
than 4% used an aid in the 1980s.2 There was a
need to update these data and estimate how many
people would benefit from modern well-fitted
hearing aid(s) and to examine strategies by which
people might be either case-found or screened for
benefit from amplification and provision of a
hearing aid.

This study concentrated on a particular age group,
55–74 years, because this is when the prevalence
of hearing impairment starts to increase
substantially, year on year. From this group it
should be possible to identify and help people
who have hearing problems but do not present
themselves for a hearing assessment for hearing
aid(s) until many years later.

It is estimated from the NSH that about 6% of
people aged 55–74 years use a hearing aid. About
half of this population have at least a 25 dB HL
hearing impairment (averaged over 0.5, 1, 2 and
4 kHz) in one ear and about 30% have this degree
of impairment bilaterally. Seventeen per cent have
bilateral impairment of 35 dB HL or worse. Those
who may benefit from hearing aids far exceed the
number who actually have them. In addition, if they
received them earlier in life, the long-term benefits
to those individuals and their families would be
greater. The hearing aid services would also benefit
by not having to spend so much time enabling
elderly patients to use hearing aids, as they would
have had the aids for several years by that time.

Several studies3–6 have reported the
underdetection of hearing impairment. It is well
recognised that hearing impairment has a
particularly high prevalence, especially in elderly
populations. There have been many comments on
the implications for quality of life of this
underdetection. Jerger and colleagues4 state what
other authors report, that “many old persons and
their relatives are reluctant to confront the reality
of hearing handicap and try to hide the fact that
they need sound amplification”. Studies report
using screening and intervention programmes to
improve this situation.7,8 In particular, it has been
suggested that primary care services could be used
to screen for hearing impairment, possibly
alongside other screening interventions.9–12

Several studies in the UK have shown that it is
possible to screen and fit hearing aids to hearing-
impaired people earlier than they currently
present13–15 However, no study has yet estimated in
the UK population the extent to which screening
would successfully identify those who may benefit
from hearing aids and the factors that may be
important in determining the extent of benefit. 

Objective
The aim of this study was to show that:

● hearing loss has a high enough prevalence in
the older population to justify screening if
effective and acceptable methods are available 
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● take-up and benefit can be shown to make a
measurable outcome difference in quality 
of life.

Approach taken in this study
At all stages the study was within the framework of
a patient journey, and measuring acceptability to
the patient was central.

Previous work through GP-based case-finding,
which targeted people in the 50–65-year-age
group, has shown that hearing aid use can be at
least tripled.13,14 However, these studies are
deficient in five respects:

1. Previous studies were carried out in the mid- to
late 1980s in Wales, and need generalising and
updating in England and Wales.

2. A broader view (over a wider age range,
55–75 years) of acceptability of screening and
take-up of hearing aids, including in-the-ear
(ITE) devices, is needed, stratified by age,
gender and occupational group.

3. A comparison of new, more sensitive, screening
techniques, such as otoacoustic emissions and
computerised speech testing, is needed.

4. The organisational, opportunity and cost
implications of introducing hearing screening
to the community need to be clearly
enumerated.

5. There is a need to examine whether early
intervention pays off over the longer term (e.g.
10 years or more after intervention).

This study makes good these shortcomings, with
three strands of investigation. 

Strand 1, the population study, addresses deficit 2
and examines the issues of acceptability and take-
up of screening in the population as well as the
factors involved in the take-up and use of services
(e.g. hearing aids) for those with hearing
problems. Strand 1 looks at:

● the prevalence of reported hearing disability
overall and hearing impairment in the
population for the age group 55–74 years

● the public’s views on different ways of offering
screening

● the extent to which the public take up screening
offers

● the operating characteristics of different
hearing screening methods

● the incremental value of different hearing
assessment methods above hearing threshold 

● the use of hearing aids once fitted, and
reported benefit

● the reported and measured benefit from the
hearing aids and intervention as a whole.

This strand then feeds through to strand 2, the
clinical effectiveness study. This is an appraisal of
the effectiveness of different screening methods in
finding people who would benefit optimally from
intervention and rehabilitation, that is, addressing
deficit 3. It also addresses deficits 1, 2 and 4, in
that it was a field trial of the apparently best
screening tools in real programmes run by two
different NHS hearing aid services. It incorporates
the idea of primary care services as vehicles to
identify those who would benefit from
intervention. It also enables the extent to which it
is possible to attain more efficient and uniform
referrals from primary care to be examined.

Strand 3, the retrospective case–control study,
addresses deficit 5, in that it is a long-term follow-
up of the people who participated in the early
aiding studies in Wales.13,14

This research is particularly timely as the elderly
hearing-impaired population who are potential
hearing aid candidates is known to be growing at a
rate of 1% per annum.16,17 There is also concern
about the appropriateness of current service
models, where demand can vary considerably
owing to the huge unmet need and varying policy
on referral.

Policy context
The Modernising Hearing Aid Services (MHAS)
programme has recently been completed in
England, with similar programmes in Wales,
Northern Ireland and Scotland. This has provided
hearing aid departments with new, digital signal
processing (DSP), hearing aids and with the
infrastructure, patient management systems
(PMS), information technology (IT) and training
to provide a quality service and deliver the
national patient journey from referral to follow-up.
On-elbow training has been supplied to all
services and a new graduate entry programme has
been initiated. 

In 2001 the Department of Health published a
National Service Framework for older people in
which reducing disability and maximising
independent living are stated aims. This
programme of research was timely in that it was
designed specifically to screen for a condition
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known to be very prevalent especially in older
people, but for which services are variable and do
not meet the need of the public. If the evidence
base for the benefits of a screening programme to
identify those with substantial unmet need who
then benefit from intervention is shown to be
strong, then it will help the case for the further
targeted development of hearing services. This
could then be incorporated into a revised patient
journey and care pathway (www.mrchear.info/doas).

Long waits for hearing tests and the subsequent
fitting of hearing aids have been the norm across
the NHS. Diagnostic waiting times data released
in July 2006 by the Department of Health
estimated that around 250,000 patients are
waiting for either a first assessment or a
reassessment of hearing loss. The direct referral
pathway for hearing assessment for adult-acquired
hearing loss has not been included in the 18-week
delivery programme, as that programme only
covers referral to a medical specialist. However,
work to underpin the development of the 18-week
pathway principles and definitions identified that
adult hearing services need a specific action plan
to address these long standing problems. This
work has identified options to reduce significantly
the unit cost of assessment and fitting of digital
aids through a redesigned service specification.
The Department of Health is also seeking NHS
pioneers to develop ‘proof-of-concept’ for system
change solutions. Recommendations from this
research could provide pioneering opportunities
to improve significantly waiting times in audiology,
which are among the longest for all physiological
measurement disciplines. The NHS 18-week
programme has shown that adult audiology has
some of the longest waits from referral to
treatment, and proposes a national action plan
(www.18weeks.nhs.uk/public/) and has developed a
number of ideas to promote access, some of which
would rely on using appropriate screening tests to
triage patients or appropriate screening
programmes to enable access to services for those
with unmet need. Such a test could also bring
better, more uniform referrals from primary care
practitioners, who may also be in a better position
to help their patients.

The case for screening and
support
To make a further impact on improving quality of
life of hearing-impaired people, early detection 
of hearing impairment and acceptance of 
hearing aid amplification are essential. This 

report describes the prevalence of hearing
impairment, the unmet need for aiding in 
the population, the opinions of users and non-
users of services, the efficiency of screening tools,
the uptake of and benefits obtained by early
aiding and the costs. 

Screening can identify people currently not using
hearing aids who would benefit. However,
following screening, not everyone who is suitable
will accept the offer of a hearing aid, although this
number would be expected to increase with
improved design. Uptake of aids after screening in
this study was 36%. There is a need for improved
support for those who accept a hearing aid to
ensure that aids are used effectively and the user is
supported in the learning and adaptation period
to increase the number who experience significant
benefit from the use of an aid (36% of those
identified following screen and fitted with an aid
reported significant benefit).

Methodological challenges
Population studies are intrinsically complex.
Studies involving general practice at a time of
considerable organisational uncertainty in the
NHS are also complex. At the time the studies
were proposed, we had reasonable expectations of
recruiting a large enough sample to give good
statistical generality and power. In the event, the
study did not recruit as many patients as had been
proposed. This was due to organisational issues,
but also because the benefits observed were far
greater than expected. So, we feel that the results
are strong enough as a basis for making screening
recommendations that can add to discussion on
care pathways (such as the NHS Do Once and
Share Programme) and also make a beneficial
impact on patients’ lives. 

The results and recommendations do not ask
service providers and patients to change practice,
or to undergo invasive tests or painful or difficult
treatment. The benefits shown here encourage
service development and patient behaviour in
existing directions: care pathways and different
models of care based on better informed triage
(screening) and empowering primary care to
manage the burden of hearing disability in the
community, rather than be held hostage to it. 

Hearing impairment is complex. Losing hearing is
not life threatening, although it can diminish
quality of life and has led to loss of employment in
some cases. It can have a substantial impact on
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activity, and moderate hearing impairment has
been equated to chronic long-term pain such as is
experienced by people with a slipped disc.
Because hearing loss nearly always develops
gradually, patients do not see it as a dramatic
health problem requiring urgent intervention.
Many people are not aware of milder hearing loss:
“people don't speak so clearly these days”.
Hearing loss arises predominantly from loss of
function in the outer hair cells, which cannot be
restored. So it is a condition that has to be
managed rather than cured, and some of the
incentives for other screens do not apply:
screening for early identification and treatment
will not save lives, although it is argued that it will
gain years of higher quality life. This study looks
closely at the level of hearing impairment at which

intervention/providing a hearing aid is most likely
to be effective and acceptable.

Establishing the ‘best’ screening programme is not
an exact science. ‘Best’ will vary for a number of
reasons: the balance between specificity, false
alarm rates, true-positive rates, cost, acceptability
and risk will vary according to the problem, the
treatment outcomes, costs per screen and case
found, the nature of the intervention, and 
so on. In this report we extract key dimensions
and see how they can be combined to give an
acceptable, efficient and affordable screening
programme with measurable worthwhile benefits,
and identify for which population the screen
would be most effective in detecting remediable
unmet need.
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4



Introduction
Stage 1 of the population study consisted of a
postal questionnaire which served three 
purposes:

● Prevalence data were gathered on all major ear,
nose and throat (ENT) symptoms.

● Prevalence data were gathered on hearing aid
ownership and use.

● A random sample of 55–74 year olds was
identified as participants for subsequent stages
of the population study. 

Stage 2 examined detailed views on hearing
services and hearing screening. Both of these
stages were carried out by the National Centre for
Social Research (NCSR), which is independent of
the NHS. This provided a robust set of current
data on which to base future possible approaches
to hearing screening for adults.

Stage 3 of the population study aimed to identify
the most efficient tool to screen for ability to
benefit from aiding. Four types of screening tool
were used:

● pure tone screening
● a simple questionnaire 
● otoacoustic emission (OAE) tests
● purpose-designed speech tests.

No telephone or Internet screening tools were
used.

Stage 4 involved fitting participants with a single
ITE hearing aid. Ability to benefit from aiding (in
stage 3) was measured using a laboratory-based
speech test, so stage 4 was designed to gain real-
world measures of benefit. 

In 2001 the Department of Health published a
National Service Framework for older people in
which reducing disability and maximising
independent living are stated aims. This
programme of research was timely in that it 
was designed specifically to screen for a 
condition known to be very prevalent, especially 
in older people. If the screening programme is
shown to be successful, then it will help the 

case for the further development of hearing 
services that support independence and the
maintenance of good mental health in older
people.

The UK National Screening Committee (NSC)
assesses proposed new screening programmes
against a set of internationally recognised criteria
covering the condition, the test, the treatment
options, and effectiveness and acceptability of the
screening programme. Assessing programmes in
this way is intended to ensure that they do more
good than harm at a reasonable cost. Health in
old age is one of the areas that the NSC will be
considering in coming years, and so this research
is relevant and timely. 

Methods
Overview

The population study was conducted in four stages
which together formed strand 1:

● Stage 1: a postal questionnaire sent out to
26,160 households selected at random in
various parts of England, Wales and Scotland.
This consisted of questions on all ENT
symptoms and use of services.

● Stage 2: a stratified sample of 506 respondents
was then interviewed in Nottingham and
Southampton to gain further detail on use and
perception of services. To inform the interview,
a series of focus group meetings was held with
representatives of all the main audiological
professional groups, charities and patient
groups. In addition, a group of key advisors
were consulted throughout the study on all
aspects.

● Stage 3: following the interview, all willing
respondents were invited to a clinic visit for a
set of potential screens for ability to benefit
from aiding. They also had a full hearing
assessment and tests of predicted ability to
benefit. This clinic visit was completed by 351
participants. 

● Stage 4: a further subset of the participants
(n = 89) was fitted with a unilateral hearing aid
to obtain a true measure of benefit.

Health Technology Assessment 2007; Vol. 11: No. 42

5

© Queen’s Printer and Controller of HMSO 2007. All rights reserved.

Chapter 2

Strand 1: population study



Stage 1: postal survey
A postal survey was carried out during autumn
1998 among a random sample of households in
certain areas of England, Scotland and Wales. The
survey was administered by the NCSR, formerly
Social and Community Planning Research (SCPR).
Addresses were initially selected either from the
Postcode Address File (PAF) or the Scottish
Community Health Index (CHI). Households were
asked to complete the questionnaire for all
members aged 14 years or over. The main aims of
the postal survey were:

● to identify a sample of people aged 55–74 years
to take part in the face-to-face interview
(stage 2) 

● to estimate the prevalence of ENT symptoms,
particularly hearing loss in the population 

● to measure the incidence of referral to GPs 
and hospitals for hearing and other ENT
problems. 

The sample was drawn as two separate exercises:
14,060 addresses from England, Scotland and
Wales (listed in columns 1 and 2 in Table 1) and
12,100 addresses from Scotland (listed in columns
3 and 4).

The 14,060 addresses in England and Wales were
split into six areas (based on postcode geography)
and a separate sample was selected in each area.
An additional sample was selected in Greater
Glasgow. Within each area, names on the electoral
register were sorted by either postcode or local
authority and then by address. Names were then
selected systematically from the ordered list. The
14,060 addresses were selected with equal
probability from all addresses on the electoral
register within a defined region of each city.

Increased numbers of households were sampled in
Nottingham and Southampton because these were
the cities in which the face-to-face interviews
(stage 2) would be taking place. An additional 60
addresses were selected for the pilot (30 in
Nottingham and 30 in Southampton).

The sample of 12,100 addresses in Scotland was
selected from the Scottish CHI, which lists
everyone who is registered with a GP. However, in
three health boards (Lothian, Forth Valley and
Greater Glasgow), addresses were sampled from
the electoral register as no ethical committee
agreement was given to use the CHI.

The questionnaire was posted to one named
person selected for each chosen address. The
questionnaire was eight sides long (see
Appendix 1) and contained approximately
50 questions, which included the following areas:

● hearing difficulty, in general and in specific
situations

● hearing handicap
● use of hearing aids
● family history of hearing difficulty
● other ENT problems: tinnitus, dizziness, nasal

symptoms, voice problems, tonsillitis and other
throat problems

● handicap arising from all other ENT problems
● GP and hospital consultations regarding all

ENT problems
● ENT surgery 
● current occupation and basic demographics.

The main postal survey work took place between
August and October 1998. An initial letter and
questionnaire were sent out, followed by a
postcard reminder and a further two questionnaire
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TABLE 1 Selected sample size for postal survey

Area Sample size Area Sample size

Southampton 4030 Forth Valley 1000
Nottingham 4030 Grampian 1000
Bath 1000 Borders 1000
Cardiff 1000 Dumfries 1000
Afan Valley 1000 Tayside 1000
Other England and Wales 2000 Lothian 1000
Greater Glasgow 1000 Western Isles 100

Ayrshire 1000
Argyll 1000
Fife 1000
Lanark 1000
Highlands 1000
Greater Glasgow 1000



reminders. After that non-responders received one
further reminder letter with a shortened version of
the questionnaire on the back.

Of the 14,060 addresses sampled from the
electoral register,

● 10,191 (73%) were returned. 7895 of which were
completed questionnaires 

● 1055 were classed as ‘deadwood’, i.e. returned
by the Post Office or by other people as the
address was untraced, vacant or demolished 

● the remaining 1241 consisted of questionnaires
that were returned uncompleted for other
reasons, mainly refusals.

In this sample, the average number of individuals
per household aged 14 years or over was 2.1. This
resulted in a sample of 16,493 individuals.

Of the 12,100 addresses sampled from the CHI
and ER in Scotland,

● 8176 (68%) were returned; 7096 of which were
completed questionnaires

● 796 were classed as deadwood, i.e. returned by
the Post Office or by other people as the
address was untraced, vacant or demolished 

● the remaining 284 consisted of questionnaires
that were returned uncompleted for other
reasons. 

In this sample, the average number of individuals
per households aged 14 years or over was 2.2.
This resulted in a sample of 15,300 individuals.
This showed an acceptably high response rate for
this type of work, and no further attempt was
made to contact the non-respondents. 

Non-response rate 
All population surveys have a significant minority
of non-respondents. However, the sample selection
and possible bias produced by 30% non-response
merits discussion here, since it could be more
likely that respondents will have hearing
impairment than non-respondents. 

It is reasonable to assume that non-responders
may have had a lower prevalence of hearing loss
levels likely to cause the individual and their social
group concern. The sample weights were adjusted
to take into account the gender and age
distribution in the population, although this may
not have eliminated all the bias. However, self-
reported hearing loss is a poor indicator of
prevalence. It often takes 10 years for an
individual to recognise that they have a hearing

problem (but a shorter time for significant others).
People may mistake their hearing status, by both
nature and severity, for other factors: “people
don’t speak clearly nowadays”. Jerger and
colleagues4 state what many authors report, that
“many old persons and their relatives are reluctant
to confront the reality of hearing handicap and try
to hide the fact that they need sound
amplification”. So this may mean that the estimate
of the population prevalence of more severe levels
of hearing loss may be lower than the actual
prevalence in the population. 

The weights for the final data set were produced
by post-stratifying the sample data by age and
gender within seven regions: Nottingham,
Southampton, Bath, Cardiff, Afan Valley, rest of
England and Wales, and Scotland. 

As a basis for weighting, only cases with a valid
value for the key question Q3 in the questionnaire
‘Any difficulty with hearing’ were used. The
complete data set consisted of 34,362 cases, but
only 31,793 had a valid value for this question.
Therefore, these 31,793 cases performed as the
basis for the analyses and weighting. 

The weighting was done by seven regions as the
sampling fractions varied by region. The analysis
should always be done by region and using
proportions. In addition to the region and Q3, the
weighting used information about the age and the
gender of the respondent. There were 31,793
cases that had valid values for all of these variables. 

Stage 2: interview survey
Focus group meetings
To inform the interview, a series of four focus
group meetings was held. Invitations (235) were
sent to representatives of all the main audiological
professional groups, ENT departments, health
visitors, hearing aid users, charities and patient
groups, such as the Royal National Institute for
Deaf People (RNID) and Hearing Concern. A brief
description of the project was also sent to the main
audiological, medical and ENT professional bodies.
Of the 174 people with replied, 84 attended.

Day-long meetings were held at:

● the Medical Research Council (MRC) Institute
of Hearing Research in Nottingham on 
25 August 1998 (18 attended)

● the RNID in London on 25 September 1998
(19 attended) and 9 October 1998 (23 attended)

● the Welsh Hearing Institute in Cardiff on
12 October 1998 (24 attended).

Health Technology Assessment 2007; Vol. 11: No. 42

7

© Queen’s Printer and Controller of HMSO 2007. All rights reserved.



The main aims of the focus groups were:

● to obtain opinions on
– the current hearing aid service and provision
– improvements that need to be made to the

service
– various aspects of the project, specifically the

interview stage (strand 1, stage 2)
● to inform both professionals and hearing aid

users about the project.

Those who attended the focus groups were asked
to rate their local hearing aid service and the
service nationally on a scale of 0 to 10. Overall,
the mean local score from all four groups was 5.8
and the mean national score was 4.5. In general,
people were concerned about variability in the
quality of service provision across the country.
Similar themes were raised. Some of the main
recommendations were:

● Primary care teams need educating so that
people are referred and not turned away from
the service.

● The image of hearing aids and publicity need
to be improved.

● National training standards and practice
guidelines are needed within the audiological
profession.

● Counselling is vital for realistic expectations and
better acceptance of hearing aids.

● Hearing aids should use better technology and
be acceptable cosmetically.

● More inter-relationships are needed between
services within the hospital, especially care of
the elderly departments.

● The hearing aid service needs more funding, in
every aspect of the service.

There were mixed views on whether a screening
programme would be beneficial. If it were to take
place, improved technology, publicity, counselling
provision and funding were, as above, considered
to be vital. Access could include a range of venues,
including GP surgeries, a high-street shop and
well-person clinics, where the hearing screen
would be part of a series of other health checks.

The audiological service would need to improve to
accommodate the extra referrals from screening.
Following on from the screen, management needs
to occur relatively quickly.

A detailed report was produced for the project
team of findings from all four focus groups. There
were valuable suggestions from the groups on the
interview stage of the project, such as on the
wording of the initial letter, questions, including
family members, recruiting the interviewers and
payment of expenses. Advice was also given on
how to encourage people to take part in the
project and to try a hearing aid after the test
session, particularly if they have a mild hearing
loss, and how to persuade members of the general
public to take up the screen in a national or
targeted screening programme.

All agreed that both the public and the professions
needed to be informed of the project’s outcome.

Interviews
The selected sample consisted of 623 individuals
aged 55–74 years who had responded to the postal
survey. As the plan was to invite all interview
survey respondents to a clinic visit in Nottingham
or Southampton (stage 3 of the population study),
the sample was restricted to individuals living in
these areas. 

The sample was designed to include a useful
number of cases in each of the following
categories, based on answers to the postal survey: 

● people with hearing aids 
● people with hearing problems but no hearing aid
● people with no hearing problems. 

The group of most interest to the study comprised
individuals whose answers to the postal
questionnaire indicated that they might benefit
from a hearing aid, but who did not currently use
one; this group, therefore, formed the largest
proportion of the selected sample. The precise
breakdown of the selected sample is set out in
Table 2. 
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TABLE 2 Selected sample for interview survey

Nottingham Southampton Total

Individuals with:
a hearing aid 51 52 103
a hearing problem, but no hearing aid 201 199 400
no hearing problem 60 59 119

Total 312 311 623



Within each category identified in Table 2,
respondents to the postal survey aged 55–74 years
were selected at random for inclusion in the
interview survey. As the postal survey had 
gathered information on up to five adults in 
each household, there were cases where more 
than one person was sampled within a 
household.

The interview (see Appendix 2) covered the
following topics:

● specific problems that people have with their
hearing, what makes people decide they have a
hearing problem and what prompts them to
seek help

● use of and opinions about hearing services
(both NHS and private)

● use, experiences, knowledge and expectations
of hearing aids

● knowledge of other devices and services for
those with hearing problems

● other health problems and overall quality of life
● knowledge of and attitudes towards screening

tests.

Interview length varied considerably depending
on whether the respondent had a hearing problem
and whether they used a hearing aid, owing to the
filters in the questionnaire. The average length
was 35 minutes. 

A self-completion questionnaire was left with the
respondent to return by post. It contained the
standard Short Form 36 (SF-36) questions about
general health,18 and it was expected to take
5–10 minutes to complete.

Nineteen NCSR interviewers were briefed, and
issued with comprehensive project instructions and
notes on the questionnaire, including special
instructions for contacting and interviewing
people with hearing difficulties. The interviewers
were not NHS employees, and therefore were
more likely to be able to elicit honest comments
from participants. 

The initial contact with prospective interviewees
was an advance letter on MRC-headed paper,
signed by the principal researcher (Professor
Adrian Davis) and by the senior researcher from
NCSR. The letter referred to the postal survey of
the previous year and explained the purposes of
this face-to-face follow-up study. 

Interviewers were required to make at least four
calls to the address, on different days of the week

and at different times of day (including at least
one evening and at least one weekend call, if
necessary).

The survey sample was a named sample.
Information on age and gender was provided to
interviewers to assist them with their initial
contacts, and to help them to identify the sample
member in the rare cases where the selected
person had failed to give their name at the postal
survey stage.

Table 3 shows the responses to the interview survey.

In total, 506 individuals responded to the
interview survey over a period of 8 weeks in March
and April 1999. This represents an overall
response rate of 83% of the in-scope sample.
Altogether, 453 individuals (74% of the in-scope
sample) agreed to visit the clinic for hearing 
tests (stage 3). No weighting was applied to 
the data by NCSR at this stage as it was not
intended to use the data to obtain population
estimates.

Stage 3: clinic visit
The clinic visit involved a total of 351 participants
who had already responded to the postal
questionnaire (stage 1) and the interview (stage 2).
In total, 213 were seen in Nottingham at the MRC
Institute of Hearing Research (IHR), and 138 were
seen at the Institute of Sound and Vibration
Research (ISVR) in Southampton. The visit lasted
for around 3–31–2 hours and comprised a series of
tests and questionnaires administered by
experienced graduate audiologists. Audiologists
from each clinic spent time at the other clinic
ensuring that equipment was uniform and
protocols were strictly followed. 

Everyone who participated in the stage 2 home
interview was invited to take part in the stage 3
clinic visit. Participants had been selected for 
stage 2 according to their responses to the stage 1
questionnaire. Table 4 shows the breakdown of the
three groups selected for stage 3.

There were insufficient numbers of participants
for stage 3 after everyone who had completed
stage 2 had been invited, so an additional 
sample of people with hearing problems and 
no hearing aids was selected and invited. This
resulted in raising the numbers of participants 
for stage 3.

During the clinic visit, participants were tested
using several potential screening tools. Speech in
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noise testing was carried out to measure predicted
ability to benefit. Potential screening tools were
assessed against this, and a reading span test was
included to determine the extent to which
cognitive ability might influence ability to benefit
from aiding. Pilot work had been undertaken 
on all these tests to refine the procedures,
determine the number of trials required,
determine the most appropriate signal-to-noise
ratio (SNR), and so on, and to ensure that the

entire test battery could be completed satisfactorily
in a single test session.

Participants all also underwent a full audiological
and clinical assessment. This included otoscopy
and tympanometry, pure tone audiometry and
measurement of uncomfortable loudness levels, as
well as a clinical history. All of these assessments
were carried out using standard clinical
procedures.

Strand 1: population study
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TABLE 3 Responses to interview survey

So’ton So’ton Notts Notts Total Total
(n) (% of those (n) (% of those (n) (% of those 

in scope) in scope) in scope)

Total issued sample 311 312 623
Out of scopea 1 11 12
In scope 310 301 611

Interview
Unproductive 63 20% 42 14% 105 17%
Refusal to office 11 4% 7 2% 18 3%
Refusal to interview 40 13% 24 8% 64 10%
No contact 4 1% 0 0% 4 1%
Other reason 8 3% 11 4% 19 3%

Productive 247 80% 259 86% 506 83%

Self-completion
Unproductive 120 39% 92 31% 212 35%
No interview 63 20% 42 14% 105 17%
Refusal 7 2% 8 3% 15 2%
Not returned 50 16% 42 14% 92 15%
Productive 190 61% 209 69% 399 65%

Clinic visit
Unproductive 99 32% 60 20% 159 26%
No interview 63 20% 42 14% 105 17%
Refusal 36 12% 18 6% 54 9%
Productive (i.e. agreed) 212 68% 241 80% 453 74%

a The ‘out of scope’ category consists of respondents who could not be traced (there was no other ‘deadwood’ in the
sample).

TABLE 4 Selection of stage 2 respondents who were invited into stage 3

Invited to Participated Invited to Participated Stage 3 
stage 2 in stage 2 stage 3 in stage 3 participation 

rate (%)

Hearing aid 103 95 95 61 63

Hearing problem, no hearing aid, 400 325 325 199 61
original sample from stage 2

Hearing problem, no hearing aid, NA NA 106 51 48
additional sample from stage 1

No hearing problem 119 86 86 40 47

Total 351

NA, not applicable.



Finally, participants took away and returned
several questionnaires covering personality,
lifestyle, attitudes to hearing rehabilitation and
quality of family life. The clinic session was
structured in the same way for all participants so
that the tests, particularly those that demanded
most concentration, were interspersed with
questions. All participants had a short break with
refreshments half way through the session. 

Screening tools
The screening tests fall into four distinct groups: 

● pure tone screening
● questionnaire screening
● OAE screening
● speech tests. 

Pure tone screening
The objective was to present a 30-dB HL warble
tone at frequencies of 1 and 4 kHz through
earphones to each ear separately and record a
positive or negative response.

A MEG warble tone handheld screening device
was modified to allow earphone presentation, and
calibrated to ISO 389-1 (2000) for a TDH-39P
earphone.19 This test was carried out in a quiet
office, below 35 dB(A), rather than a sound
attenuating booth, to test the screen in a typical
environment. The earphone was, however, housed
within a sound attenuating audiocup.

Participants were asked to respond according to
the British Society of Audiology’s (BSA’s)
recommended procedure for pure tone
audiometry.20–22 Starting with the ear reported by
them to have better hearing, signals were presented
at 50 dB HL, simply to ensure a consistent
response before proceeding to 30 dB HL. Three
presentations at 30 dB HL of 1–2 seconds’
duration were then given at 1 kHz, followed by
three presentations at 4 kHz. The interstimulus
intervals were at least 1–2 seconds, and rhythm in
presentation pattern was avoided. The number of
positive responses made by the participant at
30 dB HL at each frequency was recorded. The
second ear was then tested in the same way.

Questionnaire screening
The first four screening questions that the
participants had already answered in the survey
part of the population study at stages 1 and 2 (see
Appendix 3) were repeated.

Participants were also asked questions from part 1
of the Glasgow Hearing Aid Benefit Profile

(GHABP).23 This involved their imagining four
predefined listening situations for which they
rated the amount of difficulty they experienced
(initial disability), and how much this worried,
annoyed or upset them (handicap).

OAE screening
All OAEs were recorded from participants seated
in a comfortable chair in a sound-attenuating
booth with the door shut. Both ears were tested,
the left ear followed by the right ear. Two types of
OAE were recorded:

● transient evoked otoacoustic emissions
(TEOAEs)

● distortion product otoacoustic emissions
(DPOAEs).

TEOAEs were measured using three different
recording methods: Otodynamics ILO88,
Otodynamics Echocheck and IHR maximum
length sequences (MLSs):

● ILO88 (v5.6): traces were recorded in the
‘preset’ non-linear mode using clicks presented
via an adult general-purpose serviceable (SGS)
probe. The gain was set to 0 dB for all
participants, which resulted in click levels of
approximately 80 and 70 dB peak equivalent
sound pressure level (pe SPL) when measured
against a known 1-kHz tone in an IEC 126 2cc
coupler. Each recording comprised 260 ‘good’
sweeps of a four-click ensemble; three equal
clicks of one polarity followed by a fourth click
of the opposite polarity and three times the
amplitude. The recording window was 20.48
ms, with a 2.5-ms post-click pause, resulting in a
click rate of approximately 48 per second.
Noise rejection was routinely set to the default
setting of 4.6 mPa and was increased when
necessary. Two replications were recorded from
both ears.

● Echocheck (v2.13): this handheld screening
device recorded TEOAEs using clicks presented
in a non-linear mode via an adult general
purpose serviceable (SGS) probe. Otodynamics
reported acoustic stimulation levels of 84 ±
3 dB, which were measured at approximately 80
and 70 dB pe SPL when using the method
mentioned for ILO88 click stimuli. Clicks were
presented at approximately 80 per second and
recording was made either until the SNR
exceeded 6 dB, at which point the recording was
automatically terminated, or until a recording
time of 1 minute was reached. The response
amplifier was set to 1.6–3.6 kHz. There was no
facility to view the TEOAEs. Whether a TEOAE
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was present or not was indicated on the front of
the Echocheck by a series of lights. A green
light indicated that a TEOAE was present,
whereby the SNR of the response was �6 dB, a
yellow light indicated a possible TEOAE, where
the SNR was �3 dB and <6 dB, no light
indicated no response (SNR < 3 dB) and an
orange light indicated an invalid response.
More detailed information about the recorded
response was available on a printout that
showed the overall test result; that is, pass or
refer, the total number of stimuli presented, the
number of valid stimuli, the relative strength of
the TEOAE (dB) and the relative strength of
the noise (dB). When a result was other than a
green light the test was repeated.

● MLS: this method for recording TEOAEs has
been described in detail by Thornton.24,25 In
conventional recording of TEOAEs the rate of
click presentation is limited by the length of the
recording window. This method uses MLSs to
allow clicks to be presented at high rates and
although the responses overlap, a sequence-
specific deconvolution procedure enables the
responses to be extracted and plotted in a
conventional format. TEOAEs were recorded
using the IHR Programmable Otoacoustic
Emission Measurement System (POEMS)
described by Cope and Lutman.26 The adult
probe was manufactured by IHR and supplied
with the POEMS unit. TEOAEs were recorded
at four click opportunity rates (40, 500, 2000
and 5000 per second), each at 70 and 60 dB pe
SPL, when measured using the calibration
procedure described for the ILO88. An extra
set of recordings was made at 50 dB pe SPL at
5000 per second in order to obtain an
input/output function. The number of clicks was
set so that the test time for each recording was
approximately 12 seconds, resulting in a total
number of clicks of 500, 3072, 12,288, and
30,720 respectively, for the rates 50–5000 per
second.

The MLS order for the conventional rate was 1
and for the rates above this the order was set to
11. The recording window was set to 17 ms with a
post-click pause of 5 ms. A configuration file was
set to run the test sequence automatically. The
system was very sensitive to physiological noise
from the participant such as swallowing and
movement, which resulted in the amplifier
overloading. In some cases, it was very clear that
there had been overloading because the recorded
trace was extremely noisy. However, there were
occasions when overloading occurred and
although this was not obvious on the trace there

remained the possibility that the trace was still
contaminated. To prevent this, if there was any
indication of overloading, the trace was repeated.
Occasionally, some traces could not be recorded
because overloading was always present. Two
replications were recorded for each set of test
conditions.

DPOAEs were recorded using two systems:
Etymotic Research ER-10C system and Maico
Eroscan ER-34 handheld screener.

● Etymotic Research ER-10C system was used in
conjunction with some software written by one
of the investigators (MEL). Tones were
presented via the ER-10C probe coupled to the
ear with an expanding foam earplug. A ‘mini
DP-gram’27 was recorded over a restricted
frequency range between 2904 and 3096 Hz,
referenced to F2 at 48-Hz intervals. The F1/F2
ratio was set to 1.22 and the 2F1-F2 DPE
recorded. Four mini DP-grams were recorded at
L1 amplitude of 65, 55, 45 and 35 dB SPL as
measured in an IEC711 ear simulator. The
L1/L2 difference was 10 dB; this ratio was 
used as previous work had shown that an 
L1–L2 differential of 10 dB was better able 
to identify normal from impaired hearing. 
One-hundred sweeps were recorded for 
each average, with a rejection level set to 
10 dB. The frequency range centred on 3 kHz
was chosen as Lutman and Hall27 had shown
that DPOAEs measured at 3 kHz were more
sensitive to identifying whether hearing is
normal or not. 

● Eroscan ER-34 is a handheld screener for
measuring DPOAEs. The screener was coupled
to the ear with a rubber ear-tip and was held in
the ear while the DPOAEs were recorded.
DPOAEs were recorded using tones at six
frequencies, where F2 was equal to 2, 2.5, 3, 4,
5 and 6 kHz. The F1/F2 ratio was 1.2 and the
2F1-F1 DPOAE was recorded. The intensity of
L1 was 65 dB SPL and that of L2 was 55 dB
SPL as measured in an IEC 711 ear simulator.
The averaging time was short, only 2 seconds.
The Eroscan was set so that for each frequency
a ‘pass’ was declared when the SNR was at least
5 dB, and an overall pass was achieved if there
was a pass at three or more frequencies. The
device showed only the overall pass on the
handset, although the results could be printed
off, showing the intensity of the primaries as
recorded by the device, the DPOAE signal
intensity, the noise level and the pass or fail
results. One replication was obtained from 
each ear.
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Speech test screening
The triplet test
The objective was to present simple, meaningful,
monosyllabic words to the participant in two
different listening conditions:

● one that simulated an unaided condition
● another that simulated an aided condition.

The difference in ability to detect the words
between the two conditions was a measure used as
a screen for benefit. 

The words used were numbers (0–9, excluding 7)
and alphabet letters (A to S) presented in 
groups of three (e.g. C3F, G5K). To enable this
screen to be practical in a variety of situations, it
was necessary to present the words at a
suprathreshold level through earphones, rather
than in a sound field. The words were therefore
processed to simulate a sound field through 
TDH-50P earphones, and also (for the aided
condition) to simulate using bilateral hearing aids
with a National Acoustics Laboratory prescription
for hearing and fitting, revised version [NAL
(R)].28 To use the test as a screen, it was not
possible to calculate the NAL (R) prescription
individually for each participant, so a NAL (R)
prescription was calculated using the median pure
tone thresholds for 55–74 year olds from the
NSH.2

Participants sat in a sound-attenuating booth,
wearing TDH-50P earphones. The words were all
stored as waveform files on a personal computer
(PC), and were played through a GSI-16
audiometer which enabled calibration checks.
Participants listened to three lists of words, 
spoken by a male speaker (one practice, one
unaided and one aided), and repeated back to 
the tester whatever they heard. A list comprised
ten sets of triplets, so these were 30 items in 
total. Each of the three words that made up the
triplet was chosen at random by the software 
from a set of waveform files. Each word was 
scored as correct if it was repeated accurately by
the subject and in the correct order, otherwise 
it was scored as incorrect. The first list was
presented at a level equivalent to 55 dB(A) in the
sound field for the mean of the peaks of the
words, with accompanying speech-shaped noise
with the same spectral content as the speech, at
65 dB(A). This was unaided and was used as a
practice. Assuming that the participant
understood the task, the unaided condition was
repeated and then followed by the aided
condition.

Just follow conversation
The objective was for the participants to listen to
running speech, in both the unaided condition
and the simulated aided condition (as described
above for the triplet test), and to adjust the
intensity level so that they were just able to follow
the meaning of the speech.29 The difference in
intensity level required for the participants to just
follow conversation in each condition was used as
a screen for benefit from aiding. 

The speech comprised a male speaker reading a
passage about urban myths from the magazine
New Scientist, and had been processed for
presentation through TDH-50P earphones
simulating a sound field. The speech was further
processed to reduce all frequencies below 1500 Hz
by 20 dB, because the present sample was likely to
show mild high-frequency hearing impairment.
This test had been suggested by Arlinger
(Linköping University, Department of Technical
Audiology: personal communication, PS, 1998) as
being most sensitive to hearing in the low
frequencies.

Participants sat in a sound-attenuating booth,
wearing TDH-50P earphones. The speech was
stored as a waveform file on a PC, and was played
through a GSI-16 audiometer which enabled
calibration checks. The starting intensity level was
set individually at a level judged to be too quiet
for participants, and they were instructed to use
an ascending technique. Participants adjusted the
speech a total of five times, each presentation
starting at a different intensity level to try to avoid
any bias. The first presentation was unaided and
was for practice only, and after that, two
measurements were made in each condition. The
participants adjusted the intensity level using
buttons on a touch screen in each case. If there
was a discrepancy of more than 4 dB between
replications, then a third measure was taken for
that condition. Patients were reinstructed as
necessary. 

Speech in noise testing
The Four Alternate Auditory Feature (FAAF) test30

was used as a speech in noise test, to obtain a
gold-standard measure of ability to benefit from
hearing aids, with which to compare the potential
screening tools. Five lists of 80 items each were
presented to the participants: 

● one practice list 
● two lists that simulated an unaided sound field

condition 
● two lists that simulated an aided condition.
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Participants sat in a sound-attenuating booth 
and all lists were presented binaurally through
TDH-50P earphones. The words were all stored as
waveform files on a PC, and were played through
a GSI-16 audiometer which enabled calibration
checks.

Signals had been processed to simulate a sound
field where the mean of the peaks of the words
were presented at 55 dB(A). The accompanying
speech-shaped noise with the same spectral
content as the speech was also presented at
55 dB(A). For the aided condition, the signals were
processed further to simulate for each individual
participant the use of bilateral hearing aids with a
NAL (R) prescription.28 Participants responded via
a touch screen, and after a satisfactory practice list
which simulated the unaided condition, half of
them completed the lists in the order: unaided,
aided, unaided, aided, and the other half
completed the lists in the order: aided, unaided,
aided, unaided. After three lists, all participants
were given a break with refreshments. 

Cognitive ability
Cognitive ability was assessed by means of reading
span, which is a working memory test designed to
tax memory storage and processing simultaneously.
The test used in the present study was based on
that reported by Daneman and Carpenter31 and
Baddeley and colleagues,32 and was designed by
Rönnberg and colleagues.33

Sentences were presented to the participants on a
visual display unit (VDU) one word at a time.
There was no auditory signal. Half of the sentences
presented were nonsensical (e.g. the train sang a
song) and half made sense (e.g. the girl brushes
her teeth). The participant was asked to respond
‘Yes’ for a normal sentence and ‘No’ for a
nonsensical sentence immediately after each
sentence. After a sequence of sentences (three to
six sentences), the participant was asked to recall
either the first or the final words of each previously
presented sentence in their correct serial order.
The order first or last was randomised. The
percentage score of correctly recalled words
provided one measure, and the percentage score of
correctly recalled words in the correct serial order
provided a second measure. Additionally for this
study, the percentage of sentences correctly
identified as nonsense or sense was scored.

Audiological and clinical assessment
Otoscopy and tympanometry
Following otoscopy, all participants showing no
clinical contraindications underwent

tympanometry and acoustic reflex testing to assess
the status of the middle ear. This was required to
classify participants into groups of sensorineural,
conductive or mixed hearing loss. It was also
required in order to provide good management
for the participants.

Tympanometry was carried out using a probe tone
of 226 Hz, and acoustic reflexes were measured,
using a predetermined sequence of stimuli, until a
definite normal quality acoustic reflex was
obtained, or the sequence was completed with no
such response. One data point only, therefore, was
recorded for each ear, which allowed ears to be
grouped as having normal, raised or absent
reflexes.

Pure tone audiometry
Pure tone thresholds were measured according to
the British Society of Audiology’s recommended
procedures.20–22 A Grason Stadler GSI-16
audiometer with TDH 50P earphones and a
radioear B71 bone vibrator was used, which was
calibrated at 3-monthly intervals throughout the
study to ISO 389-119 and ISO 389-2.34 Thresholds
were measured in a sound-attenuating booth,
which enabled measurement of air conduction
thresholds accurately down to –10 dB HL, and
bone conduction thresholds accurately down to
0 dB HL. The better hearing ear, as judged by the
participant, was tested first, and the following
frequencies were tested: 0.25, 0.5, 1, 2, 3, 4, 6 and
8 kHz by air conduction, and 0.5, 1 and 2 kHz by
bone conduction.

Uncomfortable loudness levels
The minimum intensity that was judged by the
participant to be uncomfortably loud was
measured monaurally through earphones at pure
tone frequencies of 0.5, 1, 2 and 4 kHz. The
procedure recommended by the BSA35 was
followed, using the same audiometer and 
sound-attenuating booth as for pure tone
audiometry.

Clinical history
All participants underwent a structured interview
which included:

● severity, duration and type of any hearing
difficulty, tinnitus and dizziness

● relevant family history
● occupational noise history
● completion of the GHABP, whereby participants

nominated up to a further four listening
situations in which it was important for them to
hear as well as possible; for each situation
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separately, they answered the questions on
initial disability and handicap

● Health Utilities Index (HUI):36 the HUI3 was
used with permission in both strand 1 and
strand 2. It was used prospectively on all
occasions. The HUI3 questionnaire37,38

measures a person’s capacity to function in
eight domains related to vision, hearing,
speech, mobility, dexterity, emotion, cognition
and pain. It was used in a more abbreviated
format at follow-up in strand 1 only if the
patient agreed that nothing had changed under
a particular domain heading. Participants were
asked to complete only sections of the HUI for
which they had indicated a problem at their
stage 2 interview (e.g. vision, mobility,
dexterity). A revised version of the
questionnaire was used (which still enabled
scores on each of the eight dimensions to be
estimated) for the following reasons. Some
questions in the standard HUI3 questionnaire
are conceptually and linguistically complex. For
example, in the section on pain, the response
options combine three concepts: the frequency
and intensity of pain and discomfort, the
degree of disruption to normal activities, and
the extent to which discomfort is relieved by
drugs. In line with a previous UK study which
looked at the health utility benefits of
alleviating hearing impairment,39,40 the wording
of some questions was changed so that they
would be more easily understood by English
speakers in the UK, and some questions were
simplified by decomposing the issues that they
addressed into separate questions. The revised
response options permitted a straightforward
mapping onto the response options in the
original questionnaire. Thus, the standard
HUI3 scoring algorithm38 could be used to
estimate the health utility of each person in the
study. 

This study used the HUI3 measures of the utility
of states of health based on preferences expressed
by a sample of the population of Ontario, Canada.
A limitation stems from the desirability of basing
estimates of cost-effectiveness on measures of
social preference obtained from the same general
population as the one from which patients are
drawn.41 The use of the HUI3 in the present study
violates this principle. However, pending a UK
valuation of the health states in the HUI3,42 it is
not possible to judge whether the absolute values
of the present estimates of cost-effectiveness are
appropriate for the UK (see ref. 40, p. 586).
However, it can be assumed to be a very good
proxy for this population.

Questionnaires covering personality, lifestyle,
attitudes to hearing rehabilitation and quality of
family life 
At the end of the clinic visit, all participants were
given four questionnaires to complete and return.
These were:

● Crown Crisp Experiential Index43

● Hearing Attitudes in Rehabilitation44

● Auditory Lifestyle and Demand Questionnaire
(ALDQ) (see Appendix 4)

● Quality of Family Life (QoFL) (see 
Appendix 5).

At the end of the session, all participants were
informed of the test results and, where
appropriate, offered management. Those whose
hearing thresholds met the audiological criteria
for the Oticon Microfocus ITE hearing aid, as
described below, were considered candidates for
stage 4 of the study, and were invited to
participate.

Stage 4: hearing aid trial
Participants and selection
Stage 4 of the study was carried out at the MRC
Institute of Hearing Research Clinical Section
(IHRCS), Nottingham, and the ISVR, University
of Southampton. Participants seen at stage 3 who
fulfilled the following criteria were invited to take
part in stage 4: 

● not an existing hearing aid user
● hearing threshold levels averaged across 0.5, 1,

2 and 4 kHz of 25 dB or poorer in the better
hearing ear 

● an air–bone gap averaged across 0.5, 1 and 2
kHz less than or equal to 15 dB

● air-conduction thresholds within the Microfocus
fitting range.

Occasionally, participants who already had a
hearing aid but made little or no use of it, and
were therefore classified as new users, were invited
to take part. In Nottingham 64 participants and in
Southampton 27 participants took part. Twelve
patients in Nottingham were fitted with DSP
Digifocus hearing aids.

Study protocol
Informed, written consent was obtained from all
the participants before their taking part in the
hearing aid trial. Participants attended for at least
four sessions. Three short sessions of
30–60 minutes each were required for impression
taking, hearing aid fitting and hearing aid fine-
tuning. If necessary, participants could have more
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than one fine-tune appointment. Three months
after the fine-tune appointment the participants
attended the clinic for a follow-up appointment
which lasted for 2–3 hours. Travel expenses were
offered and in many cases, taxis were prearranged
and paid for by IHRCS and ISVR. Participants
were informed that they were entitled to keep the
hearing aid on successful completion of the trial.
Participants who were unable to complete the
study or who were unhappy with their hearing aid
on completion were offered a standard NHS
instrument. Prior agreement had been obtained
with participants’ local audiology services to fund
the future maintenance of these instruments
through their normal facilities. 

Type of hearing aid
Participants were fitted unilaterally with Oticon
Microfocus half concha ITE hearing aids.
Microfocus is a digitally programmable, analogue
two-channel device, with non-linear amplification
in the low-frequency channel and linear
amplification in the high-frequency channel. The
fitting software offers a three-step approach to
fitting to ease acclimatisation to amplified sound,
with the final setting providing the optimum
prescribed gain. 

The hearing aid was fitted to the poorer hearing
ear unless there was a clinical reason or the
participant had a particular preference. The aids
were fitted according to the manufacturer’s
protocol with the aim of reaching the final step by
the end of the final fine-tune session. Real ear
measurements (REMs) were not used to fit the
aids. 

Test procedure
Impression appointment
Ear-mould impressions were taken according to
routine clinical practice. 

The five specific needs for the Client Oriented
Scale of Improvement (COSI)45 were identified
and rated in order of significance.

Fitting appointment
The hearing aid was programmed according to
Oticon’s Adaptive Speech Algorithm (ASA) in
Otiset, which uses the participant’s air-conduction
thresholds. The aid was fitted to the participant
and fine-tuning was carried out where appropriate
based on the participant’s feedback (i.e. the sound
of their own voice). Participants were shown how
to use and insert their hearing aid, and how to fit
batteries, and were given general rehabilitation
advice. 

The unaided part of the Abbreviated Profile of
Hearing Aid Benefit (APHAB)46 was administered.

REMs were recorded with the Siemens Unity
(Nottingham) and Portarem 2000 (Southampton)
in the following conditions: unaided using speech-
weighted noise (SN) at 65 dB SPL, occluded ear
response using SN at 65 dB SPL, real ear aided
response (REAR) using white noise (WN) at 50 dB
SPL, SN at 65 and 80 dB SPL, and real ear
insertion gain (REIG) using the same noise type
and intensity levels as for REAR. REMs were used
primarily as an outcome measure. 

Participants were asked to complete a structured
diary before their 3-month follow-up, outlining
their experiences with the new hearing aid. The
diary has been designed by the hearing aid
manufacturer Oticon to identify specific areas of
difficulty and of benefit. 

Fine-tune appointment
Approximately 1 week after the fitting
appointment the participants attended for a fine-
tune appointment, primarily to ensure that there
were no problems with the hearing aid. In most
cases, the aids were reprogrammed to Adaptation
Manager 3. Changes were made to the aids
according to the participants’ feedback. General
rehabilitation advice was given as required.

Follow-up appointment
Approximately 3 months after the fine-tune
appointment the participants returned to the
clinic for the final appointment. The GHABP was
carried out for all six domains. Participants were
asked to think back to before they were given their
hearing aid(s) when answering the initial disability
and handicap questions. The COSI was completed
using the specific needs identified at fitting. 

The HUI336 was readministered (having been
initially carried out at the stage 3 visit). The
change in utility associated with the intervention
was thereby estimated by subtracting the original
(baseline) score from the current score. 

Two limitations in relation to potential bias arising
from assessment of before-and-after utility need to
be discussed: the social desirability bias associated
with the use of audiologists, and recall bias given
the retrospective measurement of ‘before’ utility.
The audiologist is not unbiased, nor are the staff
who score the questionnaires and enter the data
into the computers. It may be possible that some
bias entered into the determination of benefit, but
it is not easy to see how this might have been done

Strand 1: population study
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in such a way as to influence the dose–response
relationship between hearing impairment and
outcomes seen in the study. In relation to the
recall bias given the retrospective measurement of
‘before’ utility, the same method was used as in a
previous study, looking at the benefits of
alleviating hearing impairment,47 in which
patients were asked (3 months after hearing aid
fitting) to estimate responses to the HUI3
questionnaire at two time-points. First,
retrospectively, patients were asked to estimate
how they would have completed the revised HUI3
questionnaire, had they been asked to do so before
hearing-aid fitting (thus enabling their
preintervention HUI3 score to be calculated); and,
secondly, they were asked to complete the HUI3
questionnaire based on their current postfitting
performance (thus enabling their postintervention
HUI3 score to be calculated). The change in utility
associated with the intervention was thereby
estimated by subtracting the retrospective score
from the current score.

The APHAB, asked with and without the hearing
aid, was also carried out by interview with the
audiologist. 

A quality of life questionnaire, the SF-36,18 and the
QoFL, were given to the participant to fill in at
home and return by post in a prepaid envelope.
Responses to 11 of the questions on the SF-36
questionnaire48 were used to estimate a score on
the Short Form 6 Dimensions (SF-6D),49 although
it is not always necessary for all 11 questions to be
fully completed for a SF-6D score to be
calculated.50 The SF-6D is composed of six
dimensions (physical functioning, role limitations,
social functioning, pain, mental health and
vitality), each of which has between four and 
six levels. Based on the preferences elicited 
from 611 UK residents, using the standard 
gamble technique,51 regression analysis was 
used to estimate utility scores for each of the 
SF-6D health states.49 SF-6D scores were estimated
using the consistent version52 of the SF-6D
algorithm,53 upon which utility scores are
estimated to range between 0.296 (645655) 
and 1 (111111).

REMs were repeated as outlined above, except
where there had been no change at the fine-tune
appointment. 

The FAAF test was used as a speech-in-noise
performance test30 to measure hearing aid benefit.
The noise used was SN, which is wideband noise
equal to the average, long-term speech spectrum

for the FAAF speech signals. The speech and noise
were presented via a loudspeaker positioned 1.5 m
in front of the participant. A practice run unaided
at 55 dB(A) was completed before testing. The test
was performed in the unaided and aided
conditions at a level of 55 dB(A) and SNR of 0,
and at a level of 65 dB(A) and SNR of –5. A
complete list of 80 words was carried out for each
of the four test conditions.

The crowded logMar54 was used to measure visual
acuity at a distance of 3 m using both eyes
together (with and without glasses) and then each
eye individually. 

The Reading Span Test outlined at stage 3 was
carried out if the participant had not completed
the test at stage 3 or had scored below 20%. 

If necessary, further fine-tuning of the hearing aid
was carried at the end of the test session. At the
end of the appointment, the care of all
participants was transferred to the local hearing
aid department.

Results from stages 1, 2 and 3
Results from stage 1, postal survey
The complete data set consists of 34,362
individual cases, but to obtain population weights,
to adjust for age and gender in the areas of
Britain that were sampled, valid data had to 
be present for the main hearing screening
question, ‘Do you have any difficulty with your
hearing?’ Weights were imputed for missing 
age and gender. The number of cases available 
for analysis was reduced to a total of 31,793 
cases.

The weighting was done by seven regions
(Nottingham, Southampton, Bath, Cardiff, Afan
Valley, rest of England and Wales, and Scotland),
as the sampling fractions varied by region. 

Prevalence data
Table 5 shows the prevalence of all major ENT
symptoms aged 14 years and above. Table 6 shows
the results by age in 20-year age bands and by
gender. The overall crude prevalence figures 
have been adjusted to represent the proportions 
of age and gender within the areas that were
sampled. There is little difference between the
crude prevalence figures and the overall 
adjusted prevalence figures, and therefore the
remaining columns of Table 6 relate to the crude
data.
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Almost one-fifth of the sample answered ‘yes’ to
the question ‘Do you have any difficulty with your
hearing?’ and this rose to almost one-third of the
sample in the age range 55–74 years, as seen in
Table 6.

Other ENT symptoms were near to this
prevalence: dizziness, which encompasses a range
of pathologies as well as vestibular, sore throat, the
prevalence of which decreases with age, and nasal
problems. Voice problems were less prevalent. For
more detail on the prevalence of nasal problems,
using data that were collected as part of the pilot
for this study, see Jones and colleagues.55

Nottingham and Southampton (see Tables 7 and 8)
were the areas in which subsequent parts of
strand 1 were carried out. Inspection of the
prevalence data from these two areas indicated
that they were representative of the entire sample
and it was therefore appropriate to carry out
stages 2–4 of strand 1 in those cities.

Tables 9 and 10 show the same prevalence data,
but broken down for manual and non-manual
occupations. People in manual occupations

reported more ENT symptoms of all types. This is
more evident in men than in women, and in the
older age groups.

Table 11 shows that 31% of the whole sample
reported some degree of hearing difficulty on at
least one of the questions in the postal
questionnaire. This rose to 54% in the 
55–74 year olds (Table 12). 

Hearing difficulties increased steadily with age, the
prevalence being higher in men than in women.
Tables 11 and 12 also show the high prevalence of
co-morbidity of ENT symptoms: hearing, balance
and tinnitus. In 55–74 year olds, about 40% of
those reporting hearing difficulties also report
tinnitus, and about 20% of those reporting
hearing difficulty also report both tinnitus and
dizziness. If hearing difficulties are identified and
managed, there is added potential benefit for
patients as other ENT symptoms, in particular
tinnitus and dizziness, are also managed.

Use of services
Despite the large numbers of people reporting
hearing loss, only a small proportion of them have

Strand 1: population study
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TABLE 5 Reported prevalence of all major ENT symptoms, aged 14 years and above (total n = 31,793 individuals)

Problem Overall crude Overall adjusted 
prevalence (%) prevalence 

(95% CI) (%)

Current problem
Q3: Any hearing difficulty 19.5 (19.1 to 20.0) 18.8
Q4: Conversation in noise 22.0 (21.6 to 22.5) 21.4
Q5a: Hearing on right (some vs none) 13.7 (13.3 to 14.1) 13.3
Q5b: Hearing on left (some vs none) 13.9 (13.5 to 14.2) 13.5
Q6a: Hearing TV (some vs none) 19.4 (19.0 to 19.9) 18.8
Q6b: Conversation in group (some vs none) 20.2 (19.8 to 20.7) 19.5

Q13a: Tinnitus (ever vs never) 18.2 (17.8 to 18.6) 17.7

Problem in the last 12 months
Q14a: Blocked nose 13.2 (12.8 to 13.6) 13.3
Q14b: Runny nose 14.8 (14.4 to 15.2) 14.8
Q14c: Sneezing 6.4 (6.2 to 6.7) 6.5
Q14d: Hayfever 19.3 (18.8 to 19.7) 19.9

Q17a: Voice – croakiness 6.9 (6.6 to 7.2) 6.8
Q17b: Voice – loss or weakness 6.7 (6.4 to 7.0) 6.6
Q17c: Voice – abnormal change in sound 4.3 (4.1 to 4.5) 4.2

Q19: Severe sore throat/tonsillitis 30.9 (30.4 to 31.5) 31.5

Ever had problem
Q23a: Dizziness in which things spin around (ever vs never) 22.2 (21.8 to 22.7) 21.7
Q23b: Unsteadiness, light-headedness or feeling faint (ever vs never) 30.1 (29.6 to 30.7) 27.4
Q23c: Dizziness in which respondent seems to move (ever vs never) 14.9 (14.5 to 15.3) 14.5

Confidence intervals (CIs) calculated using Wilson’s method.
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TABLE 12 Reported crude prevalence of hearing problems, tinnitus and balance problems and their coexistence, by gender and 
20-year age bands

14–34 years 35–54 years 55–74 years ��75 years

n % n % n % n %

Hearing Male 728 14.4 1931 33.2 2134 54.1 663 68.2
Hearing and tinnitus 220 4.4 610 10.5 879 22.4 300 31.2
Hearing and balance 292 6.2 688 12.5 819 21.8 283 30.9
Tinnitus and balance 237 5.0 443 8.0 520 13.8 173 18.9
Hearing, tinnitus and balance 118 2.5 319 5.8 432 11.6 156 17.2

Hearing Female 843 16.1 1663 26.3 1480 36.4 708 55.7
Hearing and tinnitus 316 6.1 600 9.5 629 15.6 263 21.0
Hearing and balance 514 10.4 974 16.3 830 21.4 369 30.6
Tinnitus and balance 476 9.6 755 12.5 606 15.6 213 17.8
Hearing, tinnitus and balance 224 4.5 432 7.2 418 10.8 178 15.0

Hearing Overall 1574 15.3 3597 29.6 3622 45.1 1372 61.1
Hearing and tinnitus 536 5.2 1211 10.0 1510 18.9 564 25.4
Hearing and balance 807 8.3 1663 14.4 1652 21.6 652 30.7
Tinnitus and balance 713 7.3 1200 10.4 1128 14.7 386 18.2
Hearing, tinnitus and balance 342 3.5 752 6.6 851 11.2 334 15.9

consulted their GP or visited hospital, or have a
hearing aid. 

As shown in Table 13, only one-third of those with
moderately annoying hearing difficulty have
consulted their GP in the previous 12 months,
compared with half of those with severely
annoying hearing difficulty. 

Of those who have consulted their GP about
hearing, Table 14 shows that only 38% also went to
hospital. This compares with 29.6% people who
consulted with tinnitus, 19.5% who consulted with
nose problems, 19.8% people who consulted 
with voice problems, 5.4% people who 
consulted with throat problems and 16.8% people
with balance problems being referred to hospital. 

Table 15 shows the proportion of those who visited
their GP and went to hospital for each major ENT
symptom, broken down into gender and 20-year
age bands. Only 41% in the age band 55–74 years
went to hospital after visiting their GP with
hearing problems.

Tables 16–18 show data on the use of hearing aids.
Only 3.4% of the whole sample report that they
use a hearing aid nowadays. This rises slightly to
5.7% people in the age range 55–74 years. Of
those who report severe annoyance with hearing
difficulty, less than half of them use a hearing aid.
The majority of respondents obtained their
hearing aid free from the NHS. There are many
more people who could potentially benefit from
aiding than have currently used the service.

TABLE 11 Reported prevalence of hearing problems, tinnitus and balance problems and their coexistence

Overall crude prevalence Overall weighted

n % (95% CI)
prevalence (%)

All sample
Hearing 10,386 31.0 (30.5 to 31.5) 30.5
Hearing and tinnitus 3,901 11.7 (11.4 to 12.1) 11.4
Hearing and balance 4,864 15.4 (15.0 to 15.8) 14.9
Tinnitus and balance 3,491 11.0 (10.7 to 11.3) 10.7
Hearing, tinnitus and balance 2,328 7.4 (7.1 to 7.7) 7.2

Hearing problem = yes to any of Q3, Q4, Q5a, Q5b, Q6a, Q6b; tinnitus problem = yes to Q13a; balance problem = yes
to any of Q23a, Q23b, Q23c.
Confidence intervals calculated using Wilson’s method.



Across the age range of interest, there is a clear
increase in uptake of aids with age. At the age of
55 years, there are 2.8% people using a hearing
aid, compared with 11.5% at the age of 74
(Figure 1).

Figure 2 shows the numbers of people reporting
that they are severely worried, annoyed or upset
by each of the ENT symptoms that they report. It
is striking that hearing difficulties and tinnitus
increase steadily with age. This indicates that the
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TABLE 13 Percentage of people who have consulted GP and/or hospital in the previous 12 months, against degree of annoyance of
hearing problems

In the last 12 months have you been No GP only Hospital GP and 
to your own doctor (GP) or referred and/or GP hospital
to a hospital about problems with
hearing? n % n % n % n %

No problem 21,527 97.7 405 1.8 515 2.3 110 0.5
Not at all annoying 2,564 92.5 152 5.5 209 7.5 57 2.0
Slightly annoying 3,570 80.8 554 12.5 849 19.2 295 6.7
Moderately annoying 1,007 67.4 243 16.3 486 32.6 243 16.3
Severely annoying 376 52.5 130 18.2 340 47.5 210 29.3

TABLE 14 Proportion of those who visited GP and went to hospital, against major ENT symptoms

Proportion of those who visited GP and went to hospital 
Overall n %

Hearing 924 38.0
Tinnitus 381 29.6
Nose 419 19.5
Voice 159 19.8
Throat 222 5.4
Balance 432 16.8

TABLE 15 Proportion of those who visited GP and went to hospital, against major ENT symptoms, gender and 20-year age bands

Proportion of those who visited GP 14–34 years 35–54 years 55–74 years ��75 years
and went to hospital

n % n % n % n %

Hearing Male 50 28.4 155 36.6 193 43.2 94 48.0
Tinnitus 19 31.1 70 39.3 83 31.7 28 28.6
Nose 63 19.4 76 22.2 57 27.3 20 29.0
Voice 5 10.0 11 15.9 25 34.2 15 42.9
Throat 40 5.9 14 3.2 22 9.6 11 19.6
Balance 26 19.7 51 22.7 81 22.1 29 21.5

Hearing Female 64 25.9 143 36.3 124 38.9 89 49.4
Tinnitus 25 19.4 69 31.9 57 26.0 23 24.0
Nose 53 13.5 78 16.5 51 21.7 17 25.4
Voice 15 9.8 41 17.6 29 22.1 15 30.6
Throat 71 5.3 35 4.0 19 5.4 7 10.3
Balance 48 12.0 93 15.5 65 14.5 26 12.4

Hearing Overall 114 27.0 298 36.4 317 41.3 183 48.5
Tinnitus 44 23.2 139 35.3 40 29.0 51 126.3
Nose 116 16.1 154 18.9 108 24.3 37 27.2
Voice 20 9.9 52 17.2 54 26.5 30 35.7
Throat 111 5.5 49 3.8 41 7.0 14.5 18
Balance 74 13.9 144 17.5 146 17.9 55 15.9



55–74-year-old age group would be very
appropriately targeted with hearing screening, to
try to avoid the rise in the prevalence of severe
handicap at age of 75 years and above.

In summary, these results show that hearing
problems are a significant public health problem,
with a substantial number of adults aged

55–74 years reporting severe problems with their
hearing and considerable co-morbidity. In relation
to this, hearing services manifestly do not meet
their needs, being too little, too late.

Results from stage 2, interview survey
Stage 2 provides a validation of the postal
questionnaire and asks about the duration of
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TABLE 16 Reported prevalence of hearing aid use, and possession of NHS and private hearing aids

Overall crude prevalence Overall weighted

n % (95% CI)
prevalence (%)

Q9A: Nowadays, do you usually wear a hearing aid?
No 32,019 95.7 (95.4 to 95.9) 95.5
No, but have tried one 318 1.0 (0.9 to 1.1) 1.0
Yes, some of the time 490 1.5 (1.3 to 1.6) 1.5
Yes, most of the time 643 1.9 (1.8 to 2.1) 2.0

Q9B: Did you get your hearing aid from
Free through NHS 1,139 81.0 (78.9 to 83.0) 81.6
Privately, paying for it 172 12.2 (10.6 to 14.0) 12.0
NHS and privately 95 6.8 (5.6 to 8.2) 6.5

56 58 60 62 64 66 68 70 72 74
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FIGURE 1 Proportion of respondents who use a hearing aid nowadays, by age (errors bars = 95% CI of the mean)
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deafness or hearing impairment, and then 
gives more detail on use and perceptions of
services, and views on hearing screening for
55–74 year olds. Participants were selected for
stage 2 according to their responses to the stage 1
questionnaire. There were three groups:

● those reporting no hearing difficulty 
● those with hearing aids already 
● those who reported hearing difficulty but had

not sought help; the majority, who formed the
target group.

Using respondents from stage 1 of the study, 
623 individuals aged 55–74 years were invited to
take part in the 35-minute interview in their own
home. In total, 506 people were interviewed in
Nottingham and Southampton: 54% were male
and 46% female, 259 were in Nottingham and 

247 in Southampton, and 62% were from non-
manual occupations and 38% from manual
occupations. 

Of the 506 interviewees, 86 had reported no
difficulty in hearing, 95 had reported difficulty
and had a hearing aid, and 325 (the majority, and
the group of most interest) had reported difficulty
but had no hearing aid. 

All the percentages presented in this report for the
stage 2 interviews are adjusted for the proportions
of these three groups in the stage 1 sample. They
are not, however, adjusted back to the British
population, as earlier adjustments for this purpose
showed very little difference. The adjusted
percentages presented below may be taken
therefore to represent the whole British
population.
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TABLE 18 Reported prevalence of hearing aid use, against annoyance caused by hearing problems

Q8: How much does any difficulty Q9A: Nowadays, do you usually wear a hearing aid?
in hearing worry, annoy or upset you?

No No, but have Yes, some of Yes, most of 
tried one the time the time

n % n % n % n %

Not at all annoying 2,720 97.2 25 0.9 34 1.2 18 0.6
Slightly annoying 4,065 90.9 103 2.3 184 4.1 120 2.7
Moderately annoying 1,057 70.0 104 6.9 151 10.0 199 13.2
Severely annoying 323 44.6 55 7.6 85 11.7 262 36.1
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FIGURE 2 Prevalence of severe annoyance caused by major ENT symptoms, plotted in 20-year age bands



Use of services
The onset of hearing difficulty was in adulthood
rather than childhood in 94.5% of cases. Over half
of these people (200 out of a possible 367) had
received some advice about their hearing
difficulties; of these, 84% had received their first
advice from a GP, nurse or other health
professional, rather than family and friends, or an
organisation for people with hearing problems or

a private hearing aid supplier, and 44% had
received advice from an ENT or NHS audiology
clinic. These proportions of people who visited
their GP and then hospital validate the figures
seen in the postal questionnaire stage of the study.

Figures 3 and 4 show the reasons that people
reported for either using the services or not using
the services. These reasons come from an open
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question, coded retrospectively. Figure 3 is based
on responses from 200 individuals, although, as
stated earlier, all the percentages presented in this
report for the stage 2 interviews are adjusted back
to the stage 1 sample, which may be taken
therefore to represent the whole British
population. The figure shows the eight most
frequently cited reasons (individuals were able to
respond with as many reasons as they wished). The
two most commonly stated reasons for consulting
are not direct patient concern about hearing; they
are: other health/ear problems, and that they were
offered an appointment.

Figure 4 is based on responses from 167
individuals and, again, the eight most frequently
cited reasons are shown in the figure. 

The most commonly stated reason for not
consulting was that they did not consider their
hearing to be sufficiently poor. Out of 167 people,
83 (50%, weighted 56%) people said that they had
not sought help for that reason. Of these 83
people, hearing threshold data are available for 53
(64%) of them from stage 3 of the study. The pure
tone threshold by air conduction averaged over
0.5, 1, 2 and 4 kHz is 21.8 dB for the better ear
and 26.6 dB for the worse ear:

● nine people (17%, weighted 12%) had worse ear
threshold averages above 35 dB and 11 people
(21%, weighted 10%) had better ear threshold
averages above 35 dB

● 25 people (47%, weighted 27%) had worse ear
threshold averages above 25 dB 

● 16 people (30%, weighted 17%) had better ear
threshold averages above 25 dB.

Therefore, in at least one-quarter of this
population-weighted sample, when they report
that their hearing is not that bad, a hearing test
would find that this is probably not the case. 

Satisfaction with services
Those who had used primary care and audiology
services were generally satisfied with them, as
shown in Figures 5 and 6.

As shown in Figure 5, 72.4% people who
subsequently used audiology services reported
they were very satisfied with primary care 
services, with 93% of them being fairly or very
satisfied. As might be expected, there was a
significant difference in satisfaction with primary
care services between those who subsequently 
used audiology services and those who did not 
(�2 = 22.7, 1 df, p � 0.01). Those who became
users of audiology services more frequently
reported being very satisfied (72.4% compared
with 63.0%).

Figure 6 shows that 60.2% reported that they were
very satisfied with audiology services, with 89.4%
being fairly or very satisfied. Although it is not
shown in the figure, a significantly greater
percentage of people with hearing aids reported
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being very satisfied, compared with people without
hearing aids (�2 = 33.7, 1 df, p < 0.01).

Everyone was then asked for their views on
audiology services, regardless of whether they had
used the services, by ‘thinking about your own
experiences or about what you have heard’. In
general, opinions were very high, especially of
staff in audiology services, with over 90% of
respondents replying ‘all’ or ‘most of the time’ to
the statements that: staff were experts in their job,
they take time to explain things to you, and they
give good advice on coping with everyday life with
a hearing problem. 

Of most concern were the length of time a patient
has to wait for a hearing aid after being tested,
followed by the size of aid: 48.8% agreed or
strongly agreed that the time they had to wait was
too long, and 54.5% agreed or strongly agreed
that the aids were too large.

The views differed between the users and the non-
users of the audiology service, in that 63.5% non-
users agreed or strongly agreed that the wait was
too long, compared with 30.6% of the users. There
is either a perception among non-users that the
wait is worse than it really is, or users forget how
long they waited.

In general, respondents were satisfied with the
services, the users having higher opinions of the
audiology service than the non-users. There were
no particular systematic differences in views

between the respondents in Nottingham and those
in Southampton. The main concerns expressed
were (accurately) the waiting time and the size of
the NHS hearing aids.

Opinions and expectations of hearing aids
Overall, 64.0% of respondents agreed or strongly
agreed that NHS aids give good-quality sound,
while 75.6% agreed or strongly agreed that NHS
clinics use up-to-date technology. Opinions that
the aids produced high-quality sound and were
using up-to-date technology were not borne out by
reality. Hearing aids issued by the NHS at the
time of this survey used technology that was
around 20 years old. They were of lower quality
compared with what was then available in the
private sector. 

This was perhaps reflected in some of the
differences that were seen between the users and
the non-users in their rating of the hearing aids.
Although the users reported higher satisfaction
than non-users with services, their opinions on the
aids were significantly worse. While 59.1% of users
thought that hearing aids made sounds clearer,
this compares with 81.1% of non-users, who would
have had a less informed view. This difference is
significant (�2 = 138.5, 1 df, p < 0.01).

Similarly, 65.0% of users thought that an aid
would help to locate sounds better, compared with
90.8% of non-users. This difference is significant
(�2 = 227.0, 1 df, p < 0.01). This discrepancy
indicates a need for the aids to be of higher
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technical specification, or fitted differently
(bilaterally), so that people’s expectations are
more often met.

Acceptability of hearing aids
Table 19 shows the numbers and population-
adjusted percentages of respondents who, after
being shown a person wearing a particular hearing
aid, replied ‘yes’ to the question, ‘were you aware
that this sort of hearing aid existed?’ Data
presented are based on the total sample of 506
respondents.

The data accurately reflect the fact that at the
time, the vast majority of NHS hearing aids were
behind the ear (BTE) types. Respondents who had
hearing loss greater than 35 dB (pure tone
thresholds averaged over 0.5, 1, 2 and 4 kHz in
the better ear) were significantly more frequently
aware of each type of hearing aid (�2 test), except
for the body-worn aids.

Regardless of whether the respondents were aware
of the existence of all these aids, the interviewer
progressed to ask, ‘how acceptable would you find
the appearance of the hearing aid if you were to
wear it?’ Figure 7 shows the responses. 

Not surprisingly, the smaller aids were judged to
be more acceptable than the larger aids. While

19.1% people found an ITE aid very acceptable,
the figure rises to 75.4% for those who found an
in-the-canal aid very acceptable. 

The majority of people (89.1%) found the BTE
aids either acceptable or very acceptable. This
figure rises to 91.2% for the ITE aids and 99.9%
for the canal aids. 

The BTE were judged very acceptable by
significantly more users of the service (and more
people with hearing loss, defined as better ear
average (0.5, 1, 2 and 4 kHz) threshold of �35 dB
HL) than by non-users, who tended to choose the
next category of acceptability. Perhaps the users
are less concerned about appearance because they
appreciate the benefits to hearing, or perhaps the
people who are less concerned about appearance
are those who use the services and use the aids. 
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TABLE 19 Awareness of the existence of five types of hearing
aid (% population adjusted)

Hearing aid n % population adjusted

Body worn 317 60.2%
Behind the ear 435 81.9%
In the ear 270 48.6%
In the canal 125 14.5%
Small canal 56 7.4%
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It is clear that for the age group of interest in this
study, smaller hearing aids would have a higher
take-up rate among new users than larger ones.

Attitudes towards screening
The interview showed that most respondents
(85.3%) are aware of screening tests of some type,
and almost everyone (96.8%) thought that they
were a good idea: 81.2% said that they would have
a hearing screen even if they did not think that
they had a hearing problem, and 13.2% thought
that they would be nervous about it. 

When asked about the location of the hearing
screen, 98.9% said that they would go to their own
primary care centre, 87.6% would fill in a short
questionnaire for their GP, 85.8% would be
screened at home, over 75% would go to another
primary care centre, to a hospital, or be screened
at work, and 42.8% said that they would go to the
premises of a local hearing aid supplier.

The questions about screening at home and at the
premises of a hearing aid supplier showed
significant differences between Nottingham and
Southampton, in that around 20% fewer people
were agreeable to screening at these two locations
in Southampton. Note that this was done before
the public private partnership (PPP) provision of
hearing aids, which is now ongoing in over 70
hearing aid centres, with very high approval
ratings from customers and clients. (The NHS
Purchasing and Supply Agency has awarded a
national framework agreement for the supply of
hearing aid services to the NHS through a PPP
arrangement with two organisations: David
Ormerod Hearing Centres and Ultravox Holdings
plc. The agreement began on 1 October 2003 for
an initial period of 2 years, with an optional
extension period of up to a further 3 years.)

The interview gave an independent assessment of
what the population thought of hearing and
audiology services, their experience and their
knowledge of and thoughts about different types
of screening. It emerged strongly from the
interviews that screening for hearing in the age
group 55–74 years is regarded very positively, and
this is particularly the case if linked to their own
GP or their primary care centre. 

Results from stage 3, clinic visit
Everyone who participated in the stage 2 home
interview was invited to take part in the stage 3
clinic visit. Participants had been selected for 
stage 2 according to their responses to the stage 1
questionnaire. (Table 4 showed the breakdown of
the three groups selected for stage 3.)

There were insufficient numbers of participants
for stage 3 after everyone who had completed
stage 2 had been invited, so an additional sample
of people with hearing problems and no hearing
aids was selected and invited. This resulted in
raising the numbers of participants for stage 3 (as
shown in Table 4). 

In total, the clinic visit was completed by 351
participants: 213 in Nottingham and 138 in
Southampton. Participants’ ages (rounded to the
nearest 0.1 year) were between 55.0 and 76.3 years
at the time of the clinic visit, with a mean age of
66.4 (SD 5.9 years). There was no significant
difference in the ages of participants tested in
Nottingham and Southampton. 

There were more men tested than women
(Figure 8), and there was a range of socio-economic
status recorded for the participants (Figure 9).
Classes 10, 20 and 30 are non-manual, while 35,
40 and 50 are manual workers (0 represents
missing data and 90 represents those participants
who were unclassified).

The hearing threshold levels by air conduction of
the participants are summarised in Table 20.
Figure 10 shows the left and right ear air
conduction thresholds averaged over 0.5, 1, 2 
and 4 kHz. There were no significant differences
in any of the pure tone averages between 
sites.

Repeatability of screening questions
Responses to the four screening questions that
participants answered in stages 1, 2 and 3 are
compared in Tables 21 and 22 to give an indication
of consistency.

Question 1: ‘Do you have any difficulty with your
hearing?’
Of the 296 people who answered the question in
all three stages, 44 (15%) said ‘No’ in all three
stages and 189 (64%) said ‘Yes’ in all three stages.
In total, 79% of respondents were consistent in
answering this question at all three stages of the
study (Table 21).

Question 2: ‘Do you find it very difficult to follow
a conversation if there is background noise (such
as TV, radio, children playing?)’
Of the 297 people who answered this question in
all three stages, 43 (15%) said ‘No’ in all three
stages, and 121 (41%) said ‘Yes’ in all three stages.
In total, as shown in Table 22, 56% respondents
were consistent across all three stages of the 
study.
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Question 3: ‘How well do you hear someone
talking to you when that person is sitting on your
right side in a quiet room?’

Question 4 asked the same question but for the
left side
There were five response options: no difficulty,
slight difficulty, moderate difficulty, great difficulty
or cannot hear at all on that side. The consistency
for these two questions was similar to that 

on the previous two questions. Of the 296 
people who answered Q3 on three occasions, 
43% answered the same at each stage, and 87%
answered within ± 1 category at all three stages.
The corresponding percentages for Q4 were 44%
and 83%.

All four screening questions showed acceptable
consistency over a period that was over many
months in some cases. Question 1, ‘Do you have
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TABLE 20 Pure tone air conduction threshold averaged over 0.5, 1, 2 and 4 kHz

n Minimum Maximum Mediana Mean SD

Left ear 351 0.00 125.00 28.7 30.9 17.8
Right ear 351 –1.25 125.00 29.4 33.6 20.7
Better ear 351 –1.25 100.00 25.0 27.3 15.2
Worse ear 351 0.00 125.00 33.5 37.2 21.6

a Medians were calculated from grouped data.



any difficulty with your hearing?’ gave the best
repeatability.

Effectiveness of screening tools
Defining cut-offs for each screening test
A screening test needs to have a cut-off value
where the results above or below it constitute a
pass or a fail. Some of the screening methods used
here already have these cut-offs defined by the
categorical nature of the results produced. So, for

the screening question Q1, ‘Do you have any
difficulty with your hearing?’ which only has two
response options, a ‘yes’ response is a fail and a
‘no’ response is a pass. The same is true for the
screening question Q2, ‘Do you find it very
difficult to follow a conversation if there is
background noise such as TV, radio or children
playing?’ The screening questions 3 and 4 had five
response options, described elsewhere, ranging
from ‘no difficulty’ to ‘cannot hear at all’. These
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TABLE 21 Repeatability of screening question 1: Do you have any difficulty with your hearing?

Stage 1

No Yes Total

Stage 2 No 110 (22%) 43 (9%) 153
Yes 27 (5%) 322 (64%) 349

Total 137 365 502

Stage 2

No Yes Total

Stage 3 No 55 (25%) 23 (8%) 78
Yes 18 (6%) 203 (68%) 221

Total 73 226 299
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FIGURE 10 Left and right ear air conduction thresholds averaged over 0.5, 1, 2 and 4 kHz



two questions were dichotomised, so ‘no difficulty’
constituted a pass and any difficulty, that is, ‘slight
difficulty’ to ‘cannot hear at all’, constituted a fail.
Similarly, for the screening audiometry that used
one intensity level at 30 dB HL, presented for 1-
and 4-kHz tones, a fail for each frequency was
defined as the participant hearing none of the
three tones presented, to either ear. Hearing a
single tone in either ear constituted a pass. 

All the other screening tests produced a range of
continuous results; for example, the
reproducibility variable for the ILO TEOAEs
ranged from 0 to 100%. Ideally, a priori cut-offs
would be defined before any analyses aiming to
establish efficiency of screening tests. There were
no data available that related the screening tests
used in this study and for this age group to the
participants’ ability to benefit with a hearing aid
using the FAAF test results, to guide this.
Therefore, for each screening method, a receiver
operating characteristic (ROC) plot was produced
using the Statistical Package for the Social Sciences
(SPSS) that plotted sensitivity and false alarm rate
(FAR; 1 – specificity) for each potential cut-off
value available (Figure 11).  The value that
provided both the highest sensitivity and FAR
(equating to the d� value) was chosen as the 
cut-off value. 

dprime
The d� value is a guide to the overall effectiveness
of the screen in detecting the condition. A higher
d� is better. Each d� calculation essentially maps
the difference between two distributions in
standard deviation (SD) units. d� can be
considered as the distance between the two
distributions (those with hearing impairment we
wish to target and those we do not,) and the

criterion of how biased the selection from the
target group is (this may be adjusted, but for
single binary categorical questions is fixed). For
example, a difference such as 0.48 (2.53–2.05) SD
units shown for the d� for warble tones and steady-
state pure tones can be interpreted as quite large,
while 0.14 (2.5–2.36) SD can be seen as quite
small. It seems that hearing level varies
systematically with the number of warble tones
heard, which is good for some applications,
whereas the steady-state pure tone is more of a
step-function in terms of the underlying
distribution of HL. The steady-state pure tone is
therefore better for screening.
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TABLE 22 Repeatability of screening question 2: Do you find it very difficult to follow a conversation if there is background noise such
as TV, radio or children playing?

Stage 1

No Yes Total

Stage 2 No 97 (19%) 91 (18%) 188
Yes 42 (8%) 272 (54%) 314

Total 139 363 502

Stage 2

No Yes Total

Stage 3 No 81 (27%) 67 (22%) 148
Yes 20 (7%) 132 (44%) 152

Total 101 199 300
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FIGURE 11 SPSS-generated ROC curve for the SNR of the 
3-kHz band for the ILO OAEs. The circle shows the best
sensitivity and FAR. 



In this case, for the SNR within the 3-kHz band
for the ILO OAEs, the best sensitivity and false
alarm rate were 81% and 22%, respectively, which
occurred at a cut-off value of 1 dB. For some
screening methods more than one parameter was
included for this ROC analysis. This ROC analysis
was applied to the following screening methods
and parameters:

GHABP: initial disability and handicap questions
● Triplet test: unamplified score, amplified

(simulated aided) score and benefit measure
(amplified minus unamplified scores)

● Just follow conversation: amplified (simulated
aided) intensity level required for participant to
just follow, and benefit measure (unamplified
minus amplified level)

● ILO TEOAEs: response, overall reproducibility,
SNR and reproducibility for the five frequency
bands centred on 1, 2, 3, 4 and 5 kHz plus the
mean of the 2- and 3-kHz SNR

● Etymotic DPOAEs: SNR at the four P1 intensity
levels, 65, 55, 45 and 35 dB SPL

● Eroscan DPOAEs: SNR at the frequencies 2,
2.5, 3, 4, 5 and 6 kHz.

For the MLS TEOAEs, there were many derived
variables (reproducibility and amplitude values for
four rates, at four recording windows, 6–16, 6–11,
12–16 and 9–13 ms postclick, for up to three
intensities, amplitude/rate slopes for both the
linear and non-linear recordings). A discriminant
function analysis was carried out to identify which
of these variables was best able to separate those
who showed FAAF benefit against those who did
not show FAAF benefit. A subset of these
parameters was then used in the ROC analysis,
shown in Figure 13 (see below).

The Echocheck data were not subjected to the
ROC analysis, as preliminary analyses showed that
many more people were passing the Echocheck
screen (SNR > 6 dB) than for the equivalent
parameter on the gold-standard ILO TEOAE
measurement system. With the Echocheck, 
28% of people with a pure tone average threshold
greater than 25 dB HL had TEOAEs measured
with an SNR greater than 6 dB. This was much
higher than the same sample that had TEOAEs
measured with the ILO system, where only 3%
showed an SNR across 2 and 3 kHz greater 
than 6 dB. The mean of the 2- and 3-kHz bands
for the ILO system is equivalent to the frequency
response of the TEOAEs recorded by the
Echocheck, so these are equivalent responses 
for comparison purposes. This difference is
probably because the design of the Echocheck

focuses on responses from neonate ears, rather
than adult ears.

Although pure tone audiometry was not used as a
screening test, data from the audiogram were used,
notably whether or not a participant heard 3 and 
4 kHz at 35 and 40 dB HL, respectively, as these
were shown to have good sensitivity and FARs.

Definition of ability to benefit from amplification
The outcome against which the screening tests
were measured was FAAF benefit that was derived
from a statistical method. Analysis of benefit from
the speech in noise task was carried out using a
generalised linear model using the GLM software,
with binomial error distribution assuming that
individual responses are independent. This
enabled an individual cut-off to be estimated at
p < 0.05 in terms of whether amplification or
aiding was statistically significant or not.

Although the FAAF benefit outcome was the gold
standard the efficiency of the screening tests was
also compared with the better ear pure tone
threshold averaged across 0.5, 1, 2 and 4 kHz at
30 and 35 dB HL [better than average (BEA)] to
allow comparison with other studies and
comparison with the clinical effectiveness trial of
this study (strand 2).

ROC plots
Figure 12 shows the ROC plot for statistically
significant FAAF benefit for the audiometry
(screening and pure tone), various combinations of
screening questionnaire questions, GHABP initial
disability and handicap and screening speech
tests. This and the following plots show the 95%
confidence intervals for sensitivity and FAR. When
the confidence intervals do not overlap, this shows
that the two tests differ significantly. In this
situation the level of significance is well beyond
5%, but using a conservative criterion of this form
is preferable in view of the multiplicity of
comparisons possible. The audiometric screens
show a significantly better performance than the
speech and questionnaire screens.

Figure 13 shows the ROC plot for parameters of
the OAE tests that showed the best sensitivity and
FAR against statistically significant FAAF benefit.
The best OAE screens were from the ILO88: the
reproducibility and SNR for the 3-kHz region.
This was followed by the SNR at 2.5 and 3 kHz
using the Eroscan. 

Figure 14 shows the audiometric and speech
screens, the best performing OAEs and best
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FIGURE 12 Sensitivity and FAR for audiometric, speech and questionnaire screens using statistically significant FAAF benefit as the
gold standard (error bars = 95% CI)
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FIGURE 13 Sensitivity and FAR for OAE screens using statistically significant FAAF benefit as the gold standard (error bars = 95% CI)



screening question combinations for statistically
significant FAAF benefit. It is clear that the
audiometric screens as a group show the best
screening performance. The screening speech tests
overlap with the OAEs and perform less well than
the audiometric methods, whereas the screening
questions and GHABP perform the least well in a
screening capacity.

Figures 15 and 16 show the sensitivity and FARs of
the screening audiometry and questionnaires for
the BEA with cut-offs at 30 and 35 dB HL. 

These figures demonstrate similar findings to
Figures 12–14, which used statistically significant
FAAF benefit as the outcome, in that the
audiometric tests outperformed the questions.
This was particularly the case when the BEA cut-
off was set at 35 dB HL. This was used to inform
the design of strand 2 of the study, the clinical
effectiveness trial. 

Summary of findings: population
study, stages 1, 2 and 3
Stage 1 of the population study has updated
prevalence estimates of

● reported hearing disabilities 
● other ENT symptoms 
● use of services in the adult populations 
● hearing impairment in 55–74 year olds.

In 55–74 year olds

● 40% are estimated to have a pure tone
threshold (averaged across 0.5, 1, 2 and 4 kHz)
greater than 25 dB HL in the worse ear 

● 29% are estimated to have a pure tone
threshold of greater than 25 dB HL in the
better ear. 

In this age group of interest, almost one-third of
the sample answered ‘yes’ to the question ‘Do you
have any difficulty with your hearing?’ This is in
contrast to the 5.7% people in the sample who use
a hearing aid nowadays. There is potentially
considerable unmet need in the population,
indicating that there are many more people who
could potentially benefit from amplification from
using hearing aids than have currently used the
service.

Hearing difficulties and tinnitus increase steadily
with age, and there is a clear increase in uptake of
aids with age. The 55–74-year-old age group
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FIGURE 15 Sensitivity and FAR for pure tone and questionnaire screens using BEA >30 dB cut-off as the gold standard (error bars =
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would be very appropriately targeted with hearing
screening, to try to avoid the rise in the prevalence
of severe hearing handicap. This is indexed by
those who are severely annoyed, worried or upset
about their hearing; at the age of 75 years and
above, this is about 60%. Only 50% of those with
such handicap use amplification at the age of
55–64 years, reducing to about 40% at 54–74 years
and about 20% at 75 years and older. Earlier
referral could reduce this handicap and deal with
co-morbidity, especially leading to treatment of
other ENT symptoms; in particular, there is a high
proportion of hearing-impaired people who also
report tinnitus and dizziness.

In general, those respondents who were referred
were satisfied with the audiology services: the
users had higher opinions of the service than the
non-users. The main concerns expressed were
(accurately) the waiting time and the size of the
NHS hearing aids. This latter issue is likely to be
continually expressed as a concern, although novel
solutions such as use of Hearing Direct, PPPs and
use of universal open ear fittings, are currently
improving the waiting times in many areas of 
the UK.

Smaller hearing aids were preferred by
respondents and would have a higher take-up rate
among new users than larger ones. Screening for
hearing in the age group was regarded positively,
particularly if linked to GP or primary care centre.
Both of these findings were implemented in
strand 2, the clinical effectiveness trial.

The screening tools were all candidates for use in
strand 2 in that they were all easily administered
and acceptable to the participants. Taking into
account the performance of the OAEs and the
speech tests, as shown in the ROCs, and the fact
that they require more complex and costly
equipment, the screening tools recommended for
strand 2 were the questions and screening
audiometry.

Results from stage 4, hearing aid
trial, and comparison with 
stage 3, bilateral amplification
experiment

The ability to benefit from amplification in the
sound-attenuating booth with TDH-49 earphones
may not generalise to the situation of using a
single hearing aid in the soundfield, or in 
real life. 

This part of the study, which was additional to the
original proposal, therefore examines the
relationship between the ability to benefit from
amplification using earphones and from using a
hearing aid. An ITE hearing aid was used in this
study, since the participants had shown at stage 2
that this was preferable to a BTE aid. A single
hearing aid was fitted because that was the current
practice in the NHS at that time. An aid was fitted
to the better ear in 27% of participants (37 dB HL
better ear, 42 dB HL worse ear) and the worse ear
in 73% of participants (38 dB HL worse ear, 32 dB
HL better ear).

So, in addition to identifying the most appropriate
screening tool for use in 55–74 year olds, we were
also interested in

● estimating how many people aged 55–74 years
would benefit from amplification and aiding 

● whether the ability to benefit from amplification
is predictive of ability to benefit from a hearing
aid

● what factors are most important in determining
the benefit or final level of ‘aided’ performance
obtained; among these factors, the extent to
which cognitive factors may influence benefit
and aided ability to understand speech in noise
was a major interest

● the extent to which early aiding was associated
with a gain in quality of life or of family life. 

It was hypothesised that those people with better
cognitive function might gain greater benefit from
the amplification, and particularly from non-linear
amplification given from particular hearing aid
provision.

Results
The estimate for the population using a hearing
aid in the National Ear, Nose and Throat Survey
for those aged 55–74 years of age was 6%,
although in the Nottingham and Southampton
areas this was 6.9%.

The estimate of those with worse hearing ears with
average hearing thresholds of at least 25 dB HL
was about 40%. In this study there were 33% at
this degree of impairment who did not use a
hearing aid. If the results were referred to the
better ear there are about 29% with average
hearing thresholds of at least 25 dB HL, with 22%
who did not currently use a hearing aid,
decreasing to 13% and 8% at 35 dB HL. This
updates the NSH data and gives a current picture
that can be relied upon given current services and
populations.
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Participants who exceeded the 25-dB HL 
criterion on the worse ear were offered a single
hearing aid, after discounting those who were
outside the fitting range for the Microfocus
hearing aid (supplied by Oticon), and those who
had a conductive component to the hearing
impairment (27% in total) or who already had
hearing aid(s) (23%). 

Fourteen per cent declined to take part in the
study to use the Microfocus hearing aid, leaving
36% who were fitted with the hearing aid, for
whom completed 3-month follow-up appointments
were obtained for 86 out of 88 people. This
suggests that the sample who accepted to use a
hearing aid was representative of about 15% of the
population in the 55–74-year age range. 

The results of analysing the FAAF scores for the 
55 dB(A) +0 dB signal-to-noise ratio (s/n) on an
individual basis showed that about 36% of those
fitted gained a statistically significant improvement
in the FAAF scores, which is about 6% of this age-
specific population. This does not mean that those
others fitted with hearing aids had no benefit
overall or that those who had a significant
improvement in FAAF scores actually benefited on
a day-to-day basis. However, they did achieve a
statistically better score on a speech in noise task.

There were so many plausible explanatory
variables that were available for analysis that it has
not been possible to look systematically at them all
or to go beyond exploring elementary
interactions; there were only 86 people with data.
The major variables on which the current analysis
concentrated were:

● demographic variables (age, gender and
occupational group; age was divided for the
sake of these analyses into less than 68 years,
and 68 years and older) 

● hearing impairment variables (hearing in the
fitted ear for aiding, hearing in the better ear
for amplification, the presence or absence of a
distortion product emission at 3 kHz using a
criterion of 9 dB from the Eroscan device) 

● the ALDQ (taking a cut-point at the median,
with a higher score indicating a more varied
acoustic environment) 

● a derived measure from the cognitive reading
span test described above, yielding four
categories. 

The four categories were derived from a principal
components analysis of the three measures
(answers, order, sense) that stem from the task.

There were two significant components. The first
loaded highly onto the answers and the order
variables (a ‘phonological’ memory score, labelled
‘memory’), and the second loaded highly on the
sense variable (a long-term semantic memory
score, labelled ‘sense’). 

The two components were arbitrarily divided into
two ranges (<0 and �0) and were combined to
give four categories ‘low memory and low sense’,
‘high memory and low sense’, ‘low memory and
high sense’ and ‘high memory and high sense’.
Substantial analyses were carried out before those
reported here, using these variables and their
interactions and including other variables [in
particular, the REMs, e.g. unaided articulation
index (AI),56 REIG using white noise and speech-
shaped noise at different levels]. 

The major problem was the stability of the results,
owing to a large number of explanatory variables
(more than seven) and the need to include
different sets of interactions. In the analyses
reported here, only the second order interactions
which included cognitive function were analysed.
If further factors or continuous explanatory
variables were included, then the design matrix
was singular and least squared estimates were not
uniquely estimable. The analyses have been
restricted here to the performance speech test
scores as outcomes.

Bilateral amplification experiment
(stage 3)
Overall about 26% of the population had been
estimated in stage 3 to benefit statistically from
bilateral amplification using the NAL(R) fitting
strategy, of whom about 6–7% already used a
hearing aid or aids. Figure 17 shows that there was
a significant variation in the proportion who
benefited from amplification as a function of age
(23 versus 34%, �2 = 4.4, 1 df, p < 0.03, n = 325),
with greater benefit for older people, controlling
for fitted ear hearing level factor and as a function
of the cognitive factor ‘answers’ (30 versus 20%,
�2 = 3.8, 1 df, p < 0.05). 

The phonological memory factor shows that low
scores are associated with higher benefit and
higher scores with lower benefit. This stems from
lower unaided scores for those with low memory
score. There is a different pattern for the long-
term semantic memory score, showing that elderly
people with a high sense score obtain greater
benefit (this is significant in the sample, �2 > 10,
3 df, p ~ <0.01, but not in the weighted analysis,
�2 < 5, 3 df, and is therefore less robust).
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Figure 18 shows the percentage of the population
that would benefit (with 95% CI) from the
amplification as a function of worse ear hearing
impairments. This shows there is a steep function
for this particular speech in noise test that
increases substantially between 20–24 dB HL
average and 30–34 dB HL average. At 25–29 dB
HL there are about 20% who are shown
statistically to benefit from amplification; this rises
to about 60% at 30–34 dB HL and averages about
70% thereafter. This helped to guide the
candidature criterion for first time users for the
next phase of the study.

Examining further the extent to which
demographic, audiological or cognitive factors
affected performance on the speech in noise task,
the data were filtered into those in whom the
worse ear average was at least 25+ dB HL. This
enabled a comparison with those who were offered
a hearing aid (this gives greater power for the
analyses, which were additionally carried out on
the subset of data from those who actually received
the hearing aids). Figure 19 shows the means for
the unamplified and amplified FAAF test scores as
a function of four cognitive test score categories
(low memory and sense, high memory and low
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sense, low memory and high sense, and high
memory and sense). 

The analysis of variance (ANOVA) tables are shown
in Table 23, with n = 176 completing the amplified
tests and 169 completing the unamplified tests.

It is quite clear in Figure 19 that the unamplified
and amplified FAAF scores increase across the four
cognitive categories, and that there is a large,
demonstrable and reliable effect. Figure 19 shows
the raw scores with 95% confidence intervals and
in addition the weighted least squares (WLS)
estimates for those points, taking into account the
explanatory factors shown in Table 23. 

So there is a main effect on unaided FAAF scores of 

● gender: men scored worse
● auditory lifestyle and demands: those with

higher demands scored lower 
● age: those in the higher age (divided at

68 years) category scored substantially less 
● DPOAE: those with DPOAE less than 9 dB

scored less 
● better ear average: those who were above the

median better ear average scored substantially
worse

and these factors were independent of each other. 

The cognitive factor shown in Figure 19 shows that
if both elements (memory and sense) were low,
then there were lower unaided FAAF scores; if they

were both high then there were higher scores;
otherwise scores were intermediate.

For the aided scores, there were only two effects
(cognition and better ear average) in common
with the unaided scores. This seems to indicate
that the bilateral amplification brought most
people up to a common plateau of good
performance. There was an additional effect of
occupational group, such that those in non-
manual occupations had a FAAF score around 6%
higher.

Figure 20 shows the difference between the
amplified and the no amplification condition,
which is termed ‘benefit’ from amplification. 

This shows that there is an apparent greater
benefit for the low memory and sense group
compared with those who have a high memory
and sense score. This is significantly different
(p < 0.05, Scheffé) in a univariate comparison, but
not when adjusted for all elements in the ANOVA
(Table 23c), as the WLS estimates show that there is
no difference in the low/low and the high/high
condition. The ANOVA in Table 23c shows that the
hearing level in the fitted ear (F-HL) is a
significant factor, with participants with at least
38 dB HL average showing about twice the
benefits scores of those with less than 38 dB HL
(~19% versus 7%). The DPOAE is an additional
independent significant factor (~15% versus 7%)
with those giving +9 dB s/n at 3 kHz obtaining
less benefit.
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Figure 21 shows the no amplification and bilateral
amplification FAAF scores as a function of hearing
impairment on the better ear as well as of the
cognitive scores, where the difference between
low/low and high/high scores is about 17.8% (95%
CI 3.5 to 32.1%, Scheffé) and 12.5% (95% CI –1.9
to 26.9%) for no amplification and amplification
scores, when adjusting for other factors in Tables 23
(a) and (b). The benefit scores as a function of
hearing level and cognition are shown in Figure 22.

For those with better ears at least 38 dB HL the
benefit is reasonably steady at 15–20%, with gains
being nearer 5% for those with less than
35 dB HL. There is no statistically significant
effect of cognitive function.

Hearing aid experiment (stage 4)
The FAAF scores for the subset of people (n = 88)
who were offered and accepted a hearing aid are
shown in Figures 23–26.
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TABLE 23 ANOVA for the bilateral amplification condition using the FAAF score (%): (a) analysis of the no amplification condition,
(b) the amplified condition, and (c) the difference (benefit) between these conditions

Source df Type III SS Mean square F Pr > F

(a) No amplification condition
Gender 1 1858.101173 1858.101173 28.47 <0.00
AudLife 2 433.419323 216.709661 3.32 0.03
Age (68 years) 1 361.985862 361.985862 5.55 0.01
Occupational group 1 16.499654 16.499654 0.25 0.61
Cog 3 786.163299 262.054433 4.02 0.00
AudLife * Cog 6 465.319534 77.553256 1.19 0.31
Age (68Y years) * Cog 3 471.559414 157.186471 2.41 0.06
DPOAE 1 520.701026 520.701026 7.98 0.00
BEA 1 6737.700662 6737.700662 103.25 <0.00
Cog * BEA 3 371.271924 123.757308 1.90 0.13

R2 = 0.66931, CV = 10.60359, RMSE = 8.078236, bilateral unamplified FAAF score = 76.18396

(b) Amplified condition
Gender 1 22.864367 22.864367 0.70 0.40
AudLife 2 61.014480 30.507240 0.94 0.39
Age (68 years) 1 14.916412 14.916412 0.46 0.49
Occupational group 1 223.134181 223.134181 6.85 0.00
Cog 3 698.682580 232.894193 7.15 0.00
AudLife * Cog 6 155.130796 25.855133 0.79 0.57
AGE (68 years) * Cog 3 150.998514 50.332838 1.55 0.20
DPOAE 1 14.831136 14.831136 0.46 0.50
BEA 1 1766.506329 1766.506329 54.24 <0.00
Cog * BEA 3 95.700039 31.900013 0.98 0.40

R2 = 0.459586, CV = 6.830940, RMSE = 5.706697, bilateral amplified FAAF score = 83.54190

(c) Difference between conditions
Gender 1 1391.981285 1391.981285 30.84 <0.00
AudLife 2 216.947198 108.473599 2.40 0.09
AGE (68Y) 1 219.977181 219.977181 4.87 0.02
Occupational group 1 121.438229 121.438229 2.69 0.10
Cog 3 32.915806 10.971935 0.24 0.86
AudLife *Cog 6 291.196143 48.532691 1.08 0.38
AGE (68Y)*Cog 3 121.847275 40.615758 0.90 0.44
DPOAE 1 758.424693 758.424693 16.80 <0.00
BEA 1 1737.456733 1737.456733 38.49 <0.00
Cog * BEA 3 158.478617 52.826206 1.17 0.32

R2 = 0.546334, CV = 89.32108, RMSE = 6.718243, benefit from bilateral amplification = 7.521453

The independent variables are all factors in these tables with cut-points being made in an a priori manner, usually based on
the median level on that variable. AudLife represents the factor associated with low or high scores on the ALDQ; Cog
represents the four cognitive categories explained in the text. The better ear results were used for hearing impairment and
DPOAE.
CV, coefficient of variation; RMSE, root mean square error.



The outcomes of the ANOVA are shown in
Tables 24 and 25 (n = 76 with all completed
measures).

There is a main effect of hearing impairment (on
the fitted ear, cut-off at 38 dB), age, and an
interaction between cognitive scores and hearing
impairment, all of which are in the same

directions as for the amplification conditions; that
is, older and more impaired people score lower,
and those with lower cognitive scores and poorer
hearing thresholds score much lower, as shown in
Figure 25. In other words, poor cognitive scores
lead to worse speech in noise performance in
those with greater hearing impairments, in
unaided and aided conditions.
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FIGURE 20 Speech reception benefit scores from bilateral amplification [linear strategy using a NAL (R)] using FAAF test at 55 dB(A)
speech, +0 dB SNR (80 trials each condition, 80 practice) as a function of scores on a cognitive test. The error bars are 95% CI, the
dot represents the WLS model fit, partialling out other factors in the model, using population weights. The participants were selected
randomly from the population and did not previously wear a hearing aid or aids.
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FIGURE 21 Speech reception scores with and without bilateral amplification [linear strategy using a NAL (R)] using FAAF test at
55 dB(A) speech, +0 dB SNR (80 trials each condition, 80 practice) as a function of better ear hearing impairment (cut-off at
38 dB HL) and scores on a cognitive test. The error bars are 95% CI, the dot represents the WLS model fit, partialling out other
factors in the model, using population weights. The participants were selected randomly from the population and did not previously
wear a hearing aid or aids.



There were main effects on aided FAAF scores of 

● gender (men worse) 
● auditory lifestyle and demands (more demands

worse)
● hearing impairment
● age

● cognitive performance 
● two interactions with cognitive performance for

auditory lifestyle demands and degree of
hearing impairment. 

The interaction of cognitive performance with
auditory lifestyle and demands is such that
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FIGURE 22 Speech reception benefit scores from bilateral amplification [linear strategy using a NAL (R)] using FAAF test at 55 dB(A)
speech, +0 dB SNR (80 trials each condition, 80 practice) as a function of better ear hearing impairment (cut-off at 38 dB HL) and
scores on a cognitive test. The error bars are 95% CI, the dot represents the WLS model fit, partialling out other factors in the model,
using population weights. The participants were selected randomly from the population and did not previously wear a hearing aid or
aids. 
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FIGURE 23 Speech reception scores with and without unilateral aiding using FAAF test at 55 dB(A) speech, +0 dB SNR (80 trials
each condition, 80 practice) as a function of scores on a cognitive test. The error bars are 95% CI, the dot represents the WLS model
fit, partialling out other factors in the model, using population weights. The participants were selected randomly from the population
and did not previously wear a hearing aid or aids. 



● there is a no cognitive effect in those with
greater auditory lifestyle and demands 
(ALDQ) 

● there is a greater memory effect for those with
lower ALDQ scores.

The interaction of cognitive performance with
hearing impairment (Figure 25), is similar to that
for the unaided condition, with

● larger effects of sense for those who are more
impaired

● hardly any effect for those who are less
impaired.

The benefit from aiding is shown in Figures 24
and 26, with accompanying ANOVA analyses in
Table 24(c). DPOAE has the largest effect and is
additive with hearing impairment in the fitted ear.
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FIGURE 24 Speech reception benefit scores from unilateral aiding using FAAF test at 55 dB(A) speech, +0 dB SNR (80 trials each
condition, 80 practice) as a function of scores on a cognitive test. The error bars are 95% CI, the dot represents the WLS model fit,
partialling out other factors in the model, using population weights. The participants were selected randomly from the population and
did not previously wear a hearing aid or aids. 
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FIGURE 25 Speech reception scores with and without unilateral aiding using FAAF test at 55 dB(A) speech, +0 dB SNR (80 trials
each condition, 80 practice) as a function of hearing impairment on the fitted ear (Lo < 38 dB HL; Hi � 38 dB HL) and of scores on a
cognitive test. The error bars are 95% CI, the dot represents the WLS model fit, partialling out other factors in the model, using
population weights. The participants were selected randomly from the population and did not previously wear a hearing aid or aids. 



There is about a 10% difference between the
benefits for those who have a 9 dB DPOAE at
3 kHz and those who do not, with the difference
over hearing impairment being smaller. The effect
of hearing impairment on benefit can be seen in
Figure 26, with those having higher impairments
always showing greater benefit. There is a trend
for the benefits of aiding to decrease with the
higher cognitive scores (see Figures 24 and 26),
especially across the sense domain. Analysis using
just the sense domain gives interactions of that
domain score with ALDQ and age (p < 0.01) and
marginal interaction with degree of hearing
impairment (p = 0.08). As noted earlier, the extent
of benefit is determined predominantly by the
score in the unaided performance, as there is less
variability in the aided score.

Relationship between amplification and
hearing aid benefit
Taking the scores for the ‘aided’ task and the
‘amplified’ task for each condition (no aid or
amplification and aid or amplification) and
analysing those differences, there is a 7%
advantage for the no amplification versus the no
aid condition, a 12% advantage between bilateral
amplification and aiding, and a 5% greater benefit
score for the bilateral amplification versus the
aiding. These differences are to be expected
because it is easier to perform well under
earphones than in a soundfield with one hearing
aid. However, the real world is more like the

hearing aid condition for many aid users. The
difference was not additive and was predicted in
part by cognitive performance (e.g. the difference
between amplified and aided going from +20,
+10, +6, to +2 for the four cognitive conditions).

A regression on the aided FAAF scores using the
bilateral amplification scores as a predictor shows
that there is a highly significant relationship with
the aided response increasing 1:1 in terms of the
amplification score, with an intercept of about
14%. There is an R2 of about 50%, which is good
but by no means an indicator of a very tight
relationship. If all factors included in the above
analyses are included in the WLS regression then
the R2 increases to over 70%, which is good. The
relationship is shown in Figure 27, with Figure 28
showing the relationship between benefit from
aiding and benefit from amplification.

Taking benefit from bilateral amplification into
account, about 13% of the variance is accounted
for, which increases to 66% when all the factors in
Table 25 are also taken into account. So the benefit
from aiding, when shown as conditioned on
benefit from bilateral amplification, is related to
the cognitive scores, with only the low memory,
low sense group showing an additional estimated
WLS effect of + 16% (i.e. the bilateral
amplification underestimates the benefit for these
people substantially), the other cognitive
conditions showing no difference. 
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FIGURE 26 Speech reception benefit scores from unilateral aiding using FAAF test at 55 dB(A) speech, +0 dB SNR (80 trials each
condition, 80 practice) as a function of hearing impairment on the fitted ear (Lo < 38 dB HL; Hi � 38 dB HL) and of scores on a
cognitive test. The error bars are 95% CI, the dot represents the WLS model fit, partialling out other factors in the model, using
population weights. The participants were selected randomly from the population and did not previously wear a hearing aid and aids. 
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The benefit from aiding is about 1:3.3 with respect
to the benefit from bilateral amplification (i.e. 9%
benefit from bilateral amplification would predict
about 3% from unilateral hearing aid provision in
the soundfield).

The SF-36 and the HUI instruments were used to
assess the quality of life before and after hearing
aid fitting and the extent to which the quality of

life might change, positively, after hearing aid
fitting. The QoFL measure was used to look 
at the changes in family quality of life. The HUI
gave a benefit of 0.069 (95% CI 0.035 to 0.104),
the SF-6D showed a benefit of 0.0125 (95% CI
–0.0012 to 0.037), and the QoFL showed a benefit
of 0.019 (95% CI –1.9 to 5.8). Only the HUI
measure showed robustly significantly increased
utility.
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TABLE 24 The ANOVA for the hearing aid condition using the FAAF score (%): (a) the analysis of the no aid condition, (b) the aid
condition, and (c) the difference (benefit) between these conditions

Source df Type III SS Mean square F Pr > F

(a) No hearing aid condition
Gender 1 52.433391 52.433391 1.19 0.28
AudLife 2 194.832952 97.416476 2.21 0.11
F-HL 1 2193.574135 2193.574135 49.68 <0.00
Cog 3 311.666831 103.888944 2.35 0.08
Age (68 years) 1 772.560996 772.560996 17.50 0.00
F-HL * Cog 3 511.696488 170.565496 3.86 0.01
AudLife * Cog 6 327.802673 54.633779 1.24 0.30
Cog * Age (68 year) 3 139.761836 46.587279 1.06 0.37
DPOAE 2 90.730854 45.365427 1.03 0.36
Occupational group 1 13.063105 13.063105 0.30 0.58

R2 = 0.699088, CV = 9.350729, RMSE = 6.644581, unaided mean = 71.05949

(b) Hearing aid condition
Gender 1 134.653388 134.653388 4.88 0.03
AudLife 2 171.605282 85.802641 3.11 0.05
F-HL 1 1348.814008 1348.814008 48.91 <0.00
Cog 3 226.766828 75.588943 2.74 0.05
Age (68 years) 1 343.139362 343.139362 12.44 0.00
F-HL * Cog 3 639.942683 213.314228 7.73 0.00
AudLife * Cog 6 373.813254 62.302209 2.26 0.05
Cog * Age (68 years) 3 208.021837 69.340612 2.51 0.06
DPOAE 2 110.615820 55.307910 2.01 0.14
Occupational group 1 86.939204 86.939204 3.15 0.08

R2 = 0.743525, CV = 7.075728, RMSE = 5.251689, aided mean = 74.22118

(c) Difference between conditions
Gender 1 19.0351945 19.0351945 0.77 0.38
AudLife 2 0.7488043 0.3744021 0.02 0.98
F-HL 1 102.2000546 102.2000546 4.12 0.04
Cog 3 149.6552050 49.8850683 2.01 0.12
Age (68 years) 1 85.9507047 85.9507047 3.47 0.06
F-HL * Cog 3 69.5252845 23.1750948 0.93 0.43
AudLife * Cog 6 192.5592625 32.0932104 1.29 0.27
Cog * age (68 years) 3 120.9775773 40.3258591 1.63 0.19
DPOAE 2 371.3997197 185.6998599 7.49 0.00
Occupational group 1 32.6021321 32.6021321 1.31 0.25

R2 = 0.634169, CV = 157.5264, RMSE = 4.980484, benefit mean = 3.161682

The independent variables are all factors in these tables with cut-points being made in an a priori manner, usually based on
the median level on that variable. AudLife represents the factor associated with low or high scores on the ALDQ; Cog
represents the four cognitive categories explained in the text. The better ear results were used for hearing impairment and
DPOAE.



Discussion
The large number of people with hearing
problems in the 55–74-year-old population who
do not have a hearing aid and who have not
consulted anyone was evident. About 6.9% of the
Nottingham and Southampton population of this
age (6% nationally) have a hearing aid, but at least
40% have impaired hearing. The extent to which
good bilateral amplification, using the NAL (R)
fitting strategy, enables people to perform better
in the FAAF task at 55 dB(A) speech, +0 dB s/n
was demonstrated to be quite substantial in one in
five of that population when those already aided

were discounted. There are substantial benefits
from amplification in this situation, which
represents a quiet level of speech in moderately
difficult noise conditions. This is a real advantage
for people in those conditions.

However, care is needed when considering the
results based on speech tests done at one intensity
level and one SNR, and using one type of
competing noise. There may be inadequacies
about any generalisations concerning ability to
benefit from amplification and provision of
hearing aids. An additional concern was for the
stability of the data, given the large number of
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TABLE 25 ANOVA table as per Table 24(c), but including amplification benefit as a predictor variable

Source df Type III SS Mean square F Pr > F

Cog 3 363.4461436 121.1487145 5.37 0.00
Gender 1 75.1060274 75.1060274 3.33 0.07
DPOAE 1 271.9761686 271.9761686 12.06 0.00
HL-fitted 1 52.4871286 52.4871286 2.33 0.13
Age (68 years) 1 19.8340840 19.8340840 0.88 0.35
Occupation group 1 9.5708757 9.5708757 0.42 0.51
Cog*HL-fitted 3 246.0623298 82.0207766 3.64 0.01
AudLife 2 21.3874016 10.6937008 0.47 0.62
Benefit from bilateral amplification 1 201.4345549 201.4345549 8.93 0.00

R2 = 0.664278, CV = 152.5821, RMSE = 4.749357, benefit mean = 3.112658
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FIGURE 27 FAAF score (%) using unilateral hearing aid fitting as a function of the score from bilateral amplification, together with
mean fit and 95% CI. R2 = 48%, B = 1.0 (SE 0.12), intercept-14.3. Dashed line gives the equal score line. 



explanatory variables (between subject) that were
available and the relatively small number of
participants (about 300 for the amplification and
80 for the hearing aid trial). However, the study
did start with a large random sample and one 
of its strengths is that the results can be
generalised to potential new users. Thus, the
analyses conducted were done as WLS analyses to
examine the implications in the population of 
55–74 year olds as a whole. This is the first time
that this has been done.

Table 26 shows data from all six dimensions of the
GHABP. In terms of use, benefit and satisfaction,
the hearing aid users in the present study compare
favourably with users from MHAS. Disability is
also reduced by a similar percentage in each
group. 

There were substantial differences as a function of
age, degree of hearing impairment and cognitive
factors related to phonological memory, with those
with good memory skills benefiting less. This is
due to the better scores in the unamplified
conditions and possibly relates to the sensitivity of
the FAAF test in the bilateral amplification
condition, or it could be a natural ceiling in
performance by more cognitively able people. It
was easier to show a large improvement for those
with poorer memory skills, but in other listening
situations that require greater effort, those with

good cognitive skills may be significantly benefited
by amplification through hearing aids.

As expected, there were effects of age and hearing
impairment that were reasonably easy to explain
in terms of poorer no amplification or no aiding
scores for older and more impaired people. There
was a similar, but additive, effect for the presence
of a DPOAE at 3 kHz. If it was present at 9dB s/n
then there was less benefit (owing to a better
unaided response). The effect of occupational
group was also as expected, with poorer scores in
unaided and no amplification conditions. 

The ALDQ influence is less easy to explain, with
those with more demanding auditory lifestyles
achieving lower no amplification scores and
unaided scores, leading to slightly higher benefits. 

The memory and sense domains that were derived
from the reading span test possibly tap into two
different functions. The first may be an indicator
of phonological memory or of ordered event
memory, while the second may indicate the extent
to which semantic distinctions can be
appropriately processed. It was not expected that
the second of these would have any influence and
it is horribly skewed in its distribution, with most
people scoring in the region of 80–90%. It was
also affected by the number of sentences in an
interesting way: performance improved as the
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FIGURE 28 Benefit (%) from unilateral hearing aid fitting as a function of benefit from bilateral amplification, together with mean fit
and 95% CI. R2 = 13%, but 68% for whole model. B = 0.29 (SE 0.08). 



number of sentences increased. This suggests that
the frequency of switching the participants’
attention from trying to understand the sentence
and pass judgement on its sense to trying to
remember parts of those sentences was an
important factor in the accuracy of lexical
decisions. However, it should be noted that
performance on the memory task was very poor in
most participants and the need for a more
sensitive task is needed. There is no need to go
beyond three sets of sentences with these
participants as they did not perform at ceiling for
this initial task. There was no correlation between
the extent to which subjects’ performance was
influenced by the number of sentences in each
block and their FAAF scores or any benefit. There
is a need, therefore, to explore other specific
cognitive functions that may be more sensitive in
elderly people, such as memory, attention
(including switching attention) and effort. 

There is a substantial effect of cognitive function
on aided and bilateral amplified performance on
the FAAF task, which was influenced by degree of
hearing impairment in the aided condition. There
was a very large effect of sense for those who were
more impaired: those who had good memory and
sense scores on the whole did better in all
conditions, and as a consequence were less able to
show a significant benefit. This is interesting if it is
mirrored in terms of real-world performance: for
someone with good cognitive performance, who
experiences difficulty with hearing and is found by
a screen or who presents to a GP for the first time,
there may be some difficulty showing benefit in
this domain (i.e. fairly quiet speech in noise). This,
in turn, may lead to motivational difficulties in
continuing to use the aid, which may be of

considerable benefit in other respects (e.g.
attention and effort to environmental or
background sounds) and in other listening
situations. It may also be that different hearing aid
strategies may be more beneficial to people with
different cognitive profiles (e.g. good cognitive
performers may benefit more from particular
strategies of amplification).

Implications
In this study, about 40% of 55–74 year olds had
impairment in at least one ear of 25 dB HL or
above and 27% have bilateral impairment at this
level, with 11% being impaired bilaterally at 35 dB
HL or above.

The performance of a random sample of
participants aged 55–74 years on speech in noise
tasks shows that significant statistical benefit was
obtained from bilateral amplification in over 20%
of the population who do not currently use a
hearing aid. The level of performance with
amplification was influenced by cognitive factors,
but not the benefit per se (better cognitive function
is equally facilitative in both conditions). 

The opportunity to offer all those who exceeded
the 25-dB HL criterion in the worse ear a
Microfocus hearing aid was accepted by about
40%, with 16% declining, and the remainder were
excluded for pathological and logistic reasons (e.g.
hearing loss profile not suitable for aid). This is a
very high rate of acceptance. The statistical power
of showing aided speech in noise benefit was not
as great in this instance, but 24% showed a
statistical advantage with the hearing aid,
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TABLE 26 GHABP data for participants in the present study, compared with those presenting themselves to the MHAS

Group Initial Initial Use Benefit Residual Satisfaction 
disability handicap (%) (%) disability (%)

(%) (%) (%)

Early intervention Mean 59.62 53.59 69.8 60.52 33.59 64.53
present study

Mean BEA = 33 dB HL SD 13.65 19.49 24.8 19.96 11.54 21.01

MHAS new patients Mean 47.6 45.2 64.5 47.6 23.1 50.9
with BEA �40 dB HL

Mean BEA = 32 dB HL SD 16.4 24.3 33.2 25.3 15.7 26.8

MHAS new patients with Mean 55.1 49 74.5 54 24.6 55.8
BEA �41 dB HL

Mean BEA = 50 dB HL SD 18.2 26.1 29.6 23.1 17.7 25



indicating that an additional 10% of the
population would benefit substantially from a
hearing aid in a quiet speech in noise
environment. Those with poorer cognitive
function would show greater benefit overall and
less disadvantage in very bad speech in noise
environments. 

The overall pattern of results supports screening
and providing hearing aids to those who do not
currently have an aid (or aids), and suggests that
there would be considerable population benefit.

There seems to be good correspondence between
the bilateral amplification scores and the hearing
aid scores. However, at least, two main questions
for further research remain:

● Would bilateral aiding strategies approach the
scores obtained by bilateral amplification (which
were estimated as 14% higher)?

● Would different hearing aids and fitting
strategies be more appropriate for people with
different performance levels on memory and
sense tasks?
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Introduction
Following on from the population study (strand 1),
the clinical effectiveness trial (strand 2) examined
the effectiveness of a screening programme to
identify people in the 55–74-year age group who
would benefit from a hearing aid. 

The population study had shown that, among
those screens used, an audiometric screen was the
most effective screen to identify people who would
benefit from a hearing aid, in terms of high
sensitivity and low false alarm rate. 

However, delivery of the audiometric screen
requires specialised equipment that needs to be
operated by trained personnel, with all the
associated costs. In addition, the target population
has limited access to the audiometric screen owing
to location and the availability of trained people to
carry out the tests. We therefore decided to trial a
two-stage screening programme using the
screening questions from strand 1 (stage 2)
followed by an audiometric screen (see Appendix
3). The screening questions had a wide range of
sensitivity and much higher FARs than the
audiometric screen. The range of sensitivity of the
questionnaires varied considerably depending on
what outcome criteria were chosen. If an
audiometric criterion was chosen, such as at least
35 dB HL (see Figure 48) then the questionnaires
were very sensitive (>90%, and were not
statistically inferior in that respect to the
audiometric screens). The problem with the
questionnaire was the high FAR. 

The FAR itself is highly dependent on the whole
questionnaire and the context in which it is given;
for example, if the questionnaire is given only to
those selected as likely to have hearing problems,
the FAR will be much lower. In the design a major
goal was to make the screen as accessible as
possible to the intended population. It was
decided that a good questionnaire, delivered by
post in a systematic way to a defined population,
would make this screen more readily accessible to
the whole target population than the audiometric
screen. We also wanted to test the opportunistic
approach to delivery, for example. making the
questionnaire available to people who visit a

general practice. This could be a viable alternative
if those at risk of hearing problems attended a
general practice and were involved at the practice
in answering the questionnaire.

With these considerations in mind, the clinical
effectiveness trial was designed as a controlled trial
of a two-stage screen: 

● a questionnaire with five screening questions
used as the first stage 

● an audiometric screen used as the second stage. 

The way in which the questionnaire was delivered
was either:

● systematic (sent to all in the age range) or 
● opportunistic (available only in GP clinic).

Hearing aids in the clinical effectiveness
trial: issues and context
One of the problems that is commonly
acknowledged as a reason for low take-up of
hearing aids among people with a hearing
impairment is that the BTE aids are less
acceptable than ITE hearing aids, for cosmetic
and other reasons. Data from stage 2 of the
population study also showed this, and so ITE aids
were used in the clinical effectiveness trial. 

When the clinical effectiveness trial was being
planned, DSP hearing aids were being introduced
into the NHS as part of the MHAS.57 At that time
the benefits of DSP aids over analogue aids were
not conclusive, but the increased cost implication
of using DSP aids was known. Therefore, it was
decided to offer both types of aids to those who
took part in the study as part of the hearing aid
trial in a randomised allocation. The goal was
randomisation, but in practice there were times
when clinical and patient preferences had to be
addressed, making optimal randomisation
impossible. For example, a DSP aid can be more
readily adjusted to fit a steeply sloping hearing
loss than an analogue aid, in which case clinical
need would override any randomisation to an
analogue aid. Similarly, bilateral aids were being
fitted routinely in the MHAS programme, and so
the decision was to fit aids bilaterally in this study
too. However, clinical and patient preference also
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needed to be addressed here. If a patient had a
unilateral hearing loss, it would not have been
clinically sensible to fit two aids. There were also
occasions when a patient specified a strong
preference to have one aid, in which case only one
aid was fitted.

The aims of the clinical effectiveness trial were:

● to provide estimates of the effectiveness of the
two-stage screen with the different screening
approaches (systematic and opportunistic)

● to assess the service implications of the
increased hearing aid take-up that results from
screening

● to assess the short-term acceptability and
benefit from screening by undertaking a
randomised control trial (RCT) of take-up of
different types of hearing aid.

The main outcomes from this trial were: 

● the take-up of the screening opportunity
● the take-up of the offer of a hearing aid(s)

following screening
● the patient-reported and measurable speech in

noise benefits of the two different hearing aid
types 

● patient-reported quality of life. 

Outcomes data from strand 2 are later used in
Chapter 5 as part of the in-depth analysis and
discussion of the organisational and cost
consequences of introducing such a screening and
treatment package, and the costs of hearing aid
screening and provision.

Methods
Participants and selection
The study was carried out at the MRC IHRCS,
Nottingham, and the Royal United Hospital
(RUH), Bath. A two-stage screen comprising a
questionnaire and screening audiometry was 
used. General practices were approached and
asked to distribute the screening questionnaire to
patients within their practice in two ways, as 
either

● a systematic screen, where the questionnaire was
sent to patients aged 55–74 years on the GP’s
register, or 

● an opportunistic screen, where the screening
questionnaire was made available to patients
attending the GP’s surgery and the patient was
given the opportunity to take up the screen.

This study was done at a time when general
practice was undergoing major changes and it was
not easy for practices to commit time and
attention to research. Initially, two practices were
approached at each site; one offered to take the
systematic approach and so the other used the
opportunistic approach, with the questionnaires
left in a pile in the waiting room. It became clear
early on in the study that the opportunistic
approach at both sites was yielding a much lower
questionnaire return than the systematic screen.
Thus, additional general practices were randomly
selected and recruited to offer the opportunistic
screen. 

In Nottingham, six general practices took part;
one systematic and five opportunistic. In Bath,
seven general practices took part; one systematic
and six opportunistic. 

In Nottingham, for the practice that used the
systematic approach, half of the patients received
the systematic questionnaire from and signed by
the GP, and the other half received the
questionnaire from IHRCS signed by the lead
investigator (ACD).

It was hypothesised that the take-up of the
systematic screen would be greater from those
contacted directly by their GP. The patients then
returned the questionnaire to either IHR
Nottingham or RUH Bath in a prepaid, self-
addressed envelope. In Bath, the systematic
questionnaire was signed only by the head of the
audiology service at the RUH.

The opportunistic screens were also delivered in
different ways to give information on the
practicality and outcomes of different approaches.
In Bath and in two of the practices in Nottingham,
the questionnaires were simply left in a pile in the
waiting room with a sign drawing the attention of
patients aged 55–74 years to them. In the other
three Nottingham practices, the receptionist asked
patients attending the practice whether they were
in the age group 55–74 years and, if so, they were
asked to fill in the questionnaire and return it to
the reception. 

Study protocol
A flowchart describing the study protocol is shown
in Figure 29.

The first stage of the screen, the screening
questionnaire, was the same as that used in the
population study, strand 1 (see Appendix 6). All
the respondents aged 55–74 years who returned
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the questionnaires and who had answered ‘Yes’ to
Q1, ‘Do you have any difficulty with your
hearing?’ and ‘No’ to Q5, ‘Do you use a hearing
aid nowadays?’, that is, those who failed the
screen, were invited into the clinic at IHR or RUH
for a hearing assessment. These were the study’s
target group: people with a hearing impairment
who did not have a hearing aid. 

To ensure that the screening questionnaire was
sensitive in identifying people who had no difficulty
with their hearing, a subgroup of respondents who
had replied ‘No’ to Q1 and ‘No’ to Q5, that is,
those who passed the screen, were also invited into
the clinic for a hearing assessment. 

Informed, written consent was obtained from all
the participants before their taking part in the
hearing assessment. An attendance fee of £25,
plus any travel expenses, was offered. In many
cases, taxis were prearranged and paid by IHR
and RUH to improve the take-up of invitations to
the clinics. Because of this the data reported
should be seen as being quite optimistic in terms
of the initial audiometric screen take-up. However,
it was important for the purposes of this study to

recruit enough patients to the second stage
audiometric screen to address the issue of where
the candidature criterion for a hearing aid should
be placed.

The results collected for the first stage of the
screen show

● the take-up of the screening questionnaire
● the return rate for the different categories of

patients 
● the numbers who attended the clinic for

hearing assessment in Bath and Nottingham. 

The second stage of the screen, screening
audiometry, was carried out in the clinic, before
the full hearing assessment. Participants who
heard all of the screening tones presented passed
the audiometric screen. Those who failed to hear
one or more of the presented tones failed the
screen. Those participants who failed the
audiometric screen were then invited to take part
in the randomised hearing aid trial (HAT). In
addition, participants who passed the screening
audiometry but who had a low-frequency hearing
loss identified later by pure tone audiometry, or
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who reported significant hearing difficulties 
either on the screening questionnaire or at
interview in the clinic were also invited to take
part in the HAT.

There was no attendance fee for further visits,
although travel expenses were reimbursed or taxis
arranged. 

The participants followed the full patient process
of the MHAS programme, which at that time
comprised

● a fitting appointment
● a fine-tune appointment, plus other fine-tune

appointments if necessary 
● a final follow-up appointment approximately

3 months after the fine-tune. 

The participants were informed at the time of
consenting to take part in the HAT that after the
study was completed, they could either keep the
hearing aids or return them.

Hearing aids
Two types of ITE hearing aid were used in the
HAT: 

● a DSP aid, the Oticon Digifocus II (DFII) 
● a digital, programmable, linear analogue

hearing aid, the Oticon Ergo. 

Both types of hearing aid were ordered as half-
concha with a volume control and telecoil. About
one-third of the hearing aids were being made as
full concha as it was not possible for the
manufacturer to fit the components of both the
volume control and telecoil in the half concha
shell, in the first few patients. As the smaller, half
concha ITE aids had been shown to be more
acceptable in strand 1, it was decided that either
the volume control or telecoil, or both, in that
order of priority, should be left out to ensure that
a half concha aid was provided. 

The aids were fitted according to the
manufacturer’s protocol. Hearing aids were
programmed using Otiset, according to the air-
conduction hearing thresholds, and were adjusted
according to patient feedback. REMs were not
used in the initial fitting of the aids. However, aid
adjustments were sometimes made at later
appointments on the basis of the REMs in
conjunction with patient report.

At the time of the study, patients were fitted with
bilateral aids routinely as part of the MHAS

programme and so bilateral aids were offered to
all the participants taking part in the HAT unless
hearing was normal in one ear. Some participants
chose to accept only one aid. The type of aid
allocated was based on a computer-generated
random number list. However, if clinical need
indicated that the other aid type was more
suitable, then that aid was fitted. Examples of this
were

● if the participant had a high-frequency hearing
loss and normal low-frequency hearing, DFIIs
were offered because of more flexible frequency
shaping 

● if the hearing loss was outside the DFII fitting
range, an Ergo would be fitted 

● if the participant had a conductive hearing loss,
the linear Ergo would be fitted.

Test procedure: initial assessment
The tests carried out were dependent on the
screening questionnaire responses and the results
of the screening audiometry, shown in Figure 29.

Before the appointment, two quality of life
questionnaires were filled in: the (SF-3618) and the
HUI, and also the QoFL questionnaire (see
Appendix 5), in addition to the ENT postal
questionnaire used in strand 1 and a clinical
questionnaire. The screening questionnaire was
repeated in the clinic by interview with an
audiologist, to assess clinical validity (see
Appendix 6). 

Screening audiometry was conducted as follows. In
Nottingham, an A&M Unity PC audiometer and
in Bath, a GNResound Aurical audiometer were
used to present steady and warble tones via TDH-
50P earphones in the following order: 4 kHz at
35, 40 and 45 dB HL, and 3 kHz at 30, 35 and
40 dB HL. Audiometers were calibrated to ISO 389
(parts 1 and 2). Each tone was presented twice and
the participant was instructed to press a button
when they heard the tone, according to the BSA-
recommended procedure.20 Although participants
were seated in a sound-attenuating booth the door
was kept open to be more representative of how
screening audiometry would be carried out in the
community, for example at a GP’s surgery. 

Otoscopy was performed and oto-immittance
testing was performed using a Grason–Stadler
Tympstar (Nottingham) and Madsen Zodiac 901
(Bath) to assess middle-ear function. This
comprised a tympanogram and a check for the
presence of the acoustic reflex at 1 kHz or
broadband noise.
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A clinical history was taken that asked about the
following:

● hearing 
● tinnitus and balance disorders 
● time since hearing loss had been noticed and

then reported to the GP 
● family history of hearing impairment and

severe tinnitus 
● biographical data including socio-economic

group.

Part one of the GHABP23 was carried out using
the software on GNResound Auditbase. This
comprises questions on initial disability and
handicap in four prespecified situations and up to
four open-ended situations that were nominated
by the participant where it was important for them
to hear as well as possible. 

Pure tone audiometry was performed. Air-
conduction thresholds were obtained at 0.25,
0.5,1, 2, 3, 4, 6 and 8 kHz, and not-masked bone-
conduction thresholds at 0.5, 1 and 2 kHz. If there
was a 15 dB HL air–bone gap at two or more
frequencies, masked bone-conduction testing was
performed for both the left and right ears. BSA-
recommended procedures20 were followed. 

Uncomfortable loudness levels were measured
from both ears at 0.5, 1, 2 and 4 kHz.35

DPOAEs were obtained in Nottingham using the
Maico Eroscan handheld screener. 

At the end of the test session, participants who
were suitable for the HAT were asked whether they
wished to take part and written consent was
obtained. Ear-mould impressions were taken and
an appointment was made for hearing aid fitting
for approximately 4 weeks later.

Hearing aid trial
Test procedure: fitting appointment
The hearing aids were programmed using Otiset,
according to the participant’s air-conduction
thresholds, with a default setting of Adaptation
Manager 2 for DFII aids and AGC slow for Ergo
aids. The aids were fitted to the participants and
fine-tuned in about half of the participants
(n = 88/153) according to their feedback (e.g.
voice sounded too hollow). Explanation of hearing
aid use, insertion of aids and batteries along with
general rehabilitation advice was given. 

REMs were recorded with the Unity (Nottingham)
and Aurical (Bath) in the following conditions:

● unaided using speech noise (SN) at 65 dB SPL
● occluded ear response using SN at 65 dB SPL 
● REAR using white noise (WN) at 50 dB SPL, SN

at 65 and 80 dB SPL 
● REIG using the same noise type and intensity

levels as for REAR.

REMs were used primarily as an outcome measure. 

Two cognitive tests were performed: a reading
span test and a vigilance test. 

The reading span test58 required the participant to
repeat six blocks of either three or four sentences.
After each sentence the participant indicated
whether the sentence was sensible or not (sense).
After each block of sentences the participant had
to remember either the first or last word in each
sentence (answers), in the order that the words were
presented (order). The vigilance test was developed
by IHR, based on the principle of a visual
monitoring test with numbers used by the Iowa
Cochlear Implant Group,59 which was modified
and used letters instead of numbers. Participants
were presented with single letters continuously in
a consonant–vowel–consonant–vowel (C-V-C-V)
order and they had to indicate when three
consecutive C-V-C letters formed a word (e.g. mat
in the string b-o-m-a-t-u-). The test was performed
twice, initially with the letters presented at a rate
of one every 2 seconds and then repeated at a
presentation rate of one per second. 

There were two hearing aid benefit measures: the
FAAF test and the APHAB.

The FAAF test30 was used as a speech performance
test to measure hearing aid benefit. The mean of
the peaks of the FAAF speech items was set to
55 dB(A). Two types of background noise were
used: SN (broadband) and ICRA6 (International
Collegium for Rehabilitative Audiology) (two
speaker, one female, one male, processed babble)
noise.

The sentences within the ICRA noise were
presented in four conditions at two levels and two
SNRs [55, 60 dB(A) speech, 0, +5 dB s/n]. The SN
was wideband and was equal to the average, long-
term speech spectrum of the speech signals and set
to 55 dB(A). The speech and noise were presented
via a loudspeaker positioned 1.5 m in front of the
participant. The test was performed in the unaided
condition only at the assessment stage. 

The APHAB46 was carried out by interview with the
audiologist. There are four scales for the APHAB:
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● ease of communication (EC)
● effects of background noise (BN)
● effects of reverberation (RV), such as listening

to sounds across a large room
● aversiveness (AV), which looks at uncomfortable

loudness of background sounds such as traffic
and alarm bells.

The mean of these scores provides a global score.
At the same time as the APHAB was being
collected the HUI336 was also administered.

Test procedure: fine-tune appointment
The participants had a fine-tune appointment,
approximately 1 week after the fitting
appointment, primarily to ensure that there were
no problems with the hearing aids. In most cases,
the DFII aids were reprogrammed to Adaptation
Manager 3 and Ergo aids were reprogrammed to
AGC fast. REMs were repeated as for the fitting
appointment. Changes were made to the aids
primarily according to the participant’s feedback
and occasionally according to REMs to achieve an
optimal fit. General rehabilitation advice was given
as required.

Test procedure: follow-up appointment
Approximately 3 months after the fine-tune
appointment the participants returned for the final
appointment. The GHABP was carried out for all
six domains. Participants were asked to answer the
initial disability and handicap questions for the
time prior to receiving their hearing aids. The
remaining domains – use, benefit, residual
disability and satisfaction – were used to assess the
outcome of the hearing aid fitting. An additional
outcome measure was obtained, the global score,
which was derived from the mean of the four
outcome measures. The residual disability score
was reversed so the score followed the same
direction as the other outcomes (i.e. 0% worst
score, 100% best score). In many cases, the GHABP
prompted discussion about different areas of the
participant’s life that were relevant to hearing.
Rehabilitation advice was given as required.

These outcomes were discussed with the patients
as part of the rehabilitation process. For example,
positive feedback was given when the outcomes
were good, or further rehabilitation advice was
given specific to the areas where the outcomes
were poor. If necessary, further adjustments were
made to the aid(s).

REMs were repeated in many cases, except
occasionally when there had been no change at
the fine-tune appointment.

The FAAF test was carried out both unaided (not
using a hearing aid at the time) and aided (using a
hearing aid), using the same conditions as at the
fitting appointment. The test was carried out
before any adjustments were made to the hearing
aids.

The HUI was repeated, as was the APHAB, where
the questions were asked with and without the
hearing aids. The SF-36, QoFL and the ALDQ (see
Appendix 4) were given to the participant to fill in
at home and return by post in a prepaid envelope. 

At the end of the appointment, the care of all the
participants was transferred to the local hearing
aid department.

Results
Take-up of the screening questionnaire
In total, 1698 screening questionnaires were
distributed at the general practices in Nottingham
and 1100 were distributed in Bath. The overall
response rate (i.e. questionnaires that were filled
in and returned as a proportion of the
questionnaires that were taken) was 52%; lower in
Nottingham (43.5%) than in Bath (65.5%).
Figures 30–34 show the patient flow from
questionnaire take-up to final 3-month follow-up
for the systematic and opportunistic screens for
Nottingham, Bath and both sites combined. 

In Nottingham, 41% and 49% of questionnaires
were returned for the opportunistic and systematic
delivery, respectively, and in Bath the response
rate was 60% and 68%. Figure 35 shows the take-
up of the screening questionnaire for the different
delivery methods for the Nottingham GPs.

For the systematic delivery the return rate was
higher for the questionnaires sent from the GP
than for those sent from the MRC (49% versus
41%). For the opportunistic delivery the return
rate was higher when the receptionist alerted the
patient to the questionnaires than when the
questionnaires were left in a pile in the waiting
room (50% versus 36%). The response rates for
the Bath GPs, who all used the same delivery
method (pile in a corner), were 85%, 74%, 44%,
8%, 44% and 90%.

Of the total sample that returned the
questionnaires and reported that they had some
difficulty with their hearing, 20% reported that
they already had a hearing aid, 21% in
Nottingham and 18% in Bath.
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Take-up of hearing assessment 
In Nottingham, 96% of those people who failed
the questionnaire screen (n = 266) were invited to
come into the clinic for a hearing assessment and
184 (72%) attended. In Bath, the take-up of
hearing assessment from the 52 participants who
failed the screen and were invited to the 
clinic was 47 (90%), higher than in Nottingham.

Across GP practices, the take-up of the hearing
assessment was more consistent and higher than
the take-up of the questionnaire (Figure 36).

In Nottingham, 388 people reported that they 
had no difficulty with their hearing, 52% of all

those who returned their questionnaires. Of these,
130 were invited for a hearing assessment as
control participants, of whom 56 (43%) 
attended. 

In Bath, 401 people reported no difficulty with
their hearing, 56% of those who returned the
questionnaires. Of these, 19 attended the clinic as
control participants.

Demographics 
The demographics of participants who attended
the initial assessment appointment based on
whether they failed or passed the GP screening
questionnaire are shown in Table 27.
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2798 questionnaires sent out

128 have hearing aid36 missing

789 pass 
(no hearing difficulty)

158 invited in

4 to be fitted

1461 questionnaires returned
52% response rate

4 fittings

4 fine-tunes

4 3-month follow-ups

508 fail 
(hearing difficulty)

307 invited in

155 to be fitted

6 dropouts

5 dropouts

9 dropouts

149 fittings

144 fine-tunes

135 3-month follow-ups

75 attended initial
assessment

213 attended initial
assessment

FIGURE 30 Participant flow for the study overall



For each site there was no significant difference in
age between the groups who passed and those who
failed, although the Bath participants were
significantly older (mean 67.8 years) than the
Nottingham participants (mean 64.8 years) (t-test,
p < 0.001).

There were no significant differences in the better
ear average (BEA) or worse ear average (WEA)
across 0.5, 1, 2 and 4 kHz, between the
Nottingham and Bath samples, although hearing

was significantly better in those who passed the
screen (t-test, p < 0.001). 

There were no differences in gender between
Nottingham and Bath, although the occupational
grouping in Nottingham was significantly lower
than that in Bath (Mann–Whitney, p = 0.03).
There were very few people in the socio-economic
group (SEG) category ‘unskilled’ in the Bath
sample (n = 2; 4%) whereas there were 14%
(n = 33) in the Nottingham sample. 
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523 questionnaires sent out

20 have hearing aid7 missing

142 pass 
(no hearing difficulty)

65 invited in

25 attended initial 
assessment

2 to be fitted

255 questionnaires returned

2 fittings

2 fine-tunes

2 3-month follow-ups

86 fail 
(hearing difficulty)

86 invited in

59 attended initial 
assessment

38 to be fitted

3 dropouts

9 passed 
screening audiometry

12 others not

16 passed 
screening

7 others not

3 dropouts

6 dropouts

35 fittings

32 fine-tunes

26 3-month follow-ups

FIGURE 31 Participant flow for Nottingham systematic screen



Duration of hearing loss of those who
failed the screening questionnaire
For those who attended the clinic and reported
hearing difficulties, the median, interquartile
range (IQR) and range of duration of hearing loss
and time since the participants visited their GP are
shown in Figure 37.

The mean duration of self-perceived hearing loss
reported was 10 years, with a median between 5
and 6 years (the distribution was highly skewed).
The duration of hearing loss increased to about

12 years for those who accepted hearing aids in
this study. Although a large number of
participants had reported hearing loss (45%) to
their GP, none of these participants had been
referred for any intervention, such as referral for a
hearing test or a hearing aid. 

Representativeness of clinic sample 
The representativeness of those who attended the
clinic compared with those who did not attend was
examined in terms of age at the time the
questionnaire was filled in, gender and the broad
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1175 questionnaires taken

55 have hearing aid4 missing

246 pass 
(no hearing difficulty)

65 invited in

31 attended initial
assessment

2 to be fitted

485 questionnaires returned
41% response rate

2 fittings

2 fine-tunes

2 3-month follow-ups

180 fail 
(hearing difficulty)

169 invited in

125 attended initial
assessment

82 to be fitted

2 dropouts

2 dropouts

2 dropouts

80 fittings

78 fine-tunes

76 3-month follow-ups

9 passed 
screening audiometry

23 others not

20 passed 
screening

9 others not fitted

FIGURE 32 Participant flow for Nottingham opportunistic screen



categories of hearing difficulty from questions 3
and 4 on the screening questionnaire. This was
done separately for those who failed and passed
the screening questionnaire. The means and
standard deviations are shown in Table 28. 

There was no difference in age, gender or hearing
difficulty between those who attended or did not
attend for both the fail and pass groups for both
Nottingham and Bath samples. This suggests that
the sample attending the clinic was representative
of the sample that returned the questionnaires. It
is not possible to examine the occupational group
further as this was not recorded on the

questionnaire alone, but it can be assumed that
the same difference between Bath and
Nottingham would be found with the ‘manual’
occupational group being 57% in Nottingham and
34% in Bath.

Take-up of hearing aids 
All participants who failed to hear one or more of
the screening audiometry tones were invited to
take part in the HAT. In addition, people who had
low-frequency losses or who reported particular
hearing difficulty even if their hearing loss was
only slight were also invited to take part. In
Nottingham, 124 participants agreed to be fitted
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600 questionnaires sent out

24 have hearing aid11 missing
Q1 or O3

252 pass screen 
(no hearing difficulty)

19 invited in

10 attended initial
assessment

413 questionnaires returned
69% response rate

126 fail screen 
(hearing difficulty)

23 invited in

125 attended initial
assessment

16 to be fitted

1 dropout

16 fittings

16 fine-tunes

15 3-month follow-ups

5 hearing too good6 hearing too good
3 declined

1 other

FIGURE 33 Participant flow for Bath systematic screen



with hearing aids, although five participants
dropped out before the fitting appointment, so
only 119 were fitted. In Bath, 34 of the 35
participants who agreed to take part in the HAT
were fitted with hearing aids.

The BEA, WEA, age and gender of those who
failed the questionnaire or audiometric screen and
then went on either to accept or to decline
hearing aids are shown in Table 29.

The main reason given by the participants who
both failed the two-stage screen (i.e. reported that
they had a hearing difficulty and did not hear at
least one of the tones during screening
audiometry) and declined to try hearing aids was

that they thought that their hearing was not poor
enough to need a hearing aid. In Nottingham
75% and in Bath 88% gave this as their reason for
declining to try hearing aids. Hearing threshold
level (HTL) was significantly worse in those who
failed either screen and accepted an aid than in
those who failed and declined an aid. This is
consistent with the main reason given for not
taking up the offer of an aid. In Nottingham,
those who failed the screening questionnaire and
who declined a hearing aid were significantly
younger than those who accepted, and
significantly more men than women accepted
hearing aids. These differences were not
significant for those who failed the screening
audiometry.
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500 questionnaires taken

29 have hearing aid14 missing on
Q1 or O3

149 pass screen 
(no hearing difficulty)

17 invited in

9 attended initial
assessment

308 questionnaires returned

116 fail screen 
(hearing difficulty)

29 invited in

26 attended initial
assessment

19 to be fitted

1 dropout

18 fittings

18 fine-tunes

18 3-month follow-ups

4 too hearing good7 too hearing good

FIGURE 34 Participant flow for Bath opportunistic screen
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TABLE 27 Demographics of participants who attended the initial clinic appointment

Nottingham Bath

Screening questionnaire Failed Passed Failed Passed

No. attending clinic 184 56 47 19

Age (years), mean (SD) 65.0 (5.7) 64.5 (5.1) 67.4 (5.4) 68.7 (4.7)

BEA across 0.5, 1, 2 and 4 kHz (dB HL), mean (SD) 26.6 (12.2) 13.2 (8.5) 28.6 (13.5) 14.5 (10.3)

WEA across 0.5, 1, 2 and 4 kHz (dB HL), mean (SD) 36.0 (16.8) 18.6 (16.0) 36.5 (17.2) 18.6 (9.9)

Gender, n (%)
Men 106 (57.6) 27 (51.8) 22 (53.2) 9 (52.6)
Women 78 (42.4) 29 (48.2) 25 (46.8) 10 (47.4)

Occupational group, n (%)
Class I 13 (7.1) 4 (7.1) 3 (6.4) 1 (5.3)
Class II 42 (22.8) 16 (28.6) 16 (34.0) 11 (57.9)
Class IIIN 20 (10.9) 8 (14.3) 7 (14.9) 4 (21.1)
Class IIIM 77 (41.8) 21 (37.5) 19 (40.4)
Class IV 24 (13.0) 6 (10.7) – 1 (5.3)
Class V 3 (1.6) – – 2 (10.5)
NC 5 (2.7) 1 (1.8) – –
Don’t know – – 2 (4.3) –
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FIGURE 37 Median, IQR and range of the duration of hearing loss in those people who reported hearing difficulties (Nottingham
n = 174, Bath n = 46) and length of time since last visited GP about their hearing (Nottingham n = 78, Bath n = 21)



TABLE 29 Hearing threshold levels, age and gender of those who failed each screen and then either accepted or declined a hearing aid

Nottingham Bath

Accepted Declined Accepted Declined

Screening questionnaire n 120 60 35 12

Age (years), mean (SD) 66.4 (5.4) 62.6 (5.6) 67.4 (5.8) 67.5 (4.7)

BEA (0.5, 1, 2 and 4 kHz) (dB HL), mean (SD) 31.0 (10.8) 18.5 (10.5) 32.4 (12.1) 18.9 (10.8)

WEA (0.5, 1, 2 and 4 kHz) (dB HL), mean (SD) 40.4 (14.9) 27.6 (17.5) 40.9 (17.3) 24.9 (10.8)

Gender, n (%)
Men 76 (63.3) 27 (45.0) 16 (47.7) 6 (46.1)
Women 44 (36.7) 33 (55.0) 18 (52.3) 7 (53.9)

Screening audiometry n 117 47 32 17

Age (years), mean (SD) 66.7 (5.2) 65.2 (4.9) 67.6 (5.7) 68.9 (4.5)

BEA (0.5, 1, 2 and 4 kHz) (dB HL), mean (SD) 31.2 (11.0) 23.0 (9.7) 32.9 (12.3) 22.2 (10.0)

WEA (0.5, 1, 2 and 4 kHz) (dB (HL), mean (SD) 40.7 (15.0) 35.7 (19.9) 40.9 (17.8) 28.2 (8.0)

Gender, n (%)
Men 76 (65.0) 27 (57.4) 16 (50.0) 8 (47.0)
Women 41 (35.0) 20 (42.6) 16 (50.0) 9 (53.0)

Table 30 shows how the aid type was randomised to
the participants and the numbers for aid type and
number of aids fitted. Bilateral fittings were
accepted in 74% of participants at both sites. There
were more DFIIs (74%) fitted than Ergos (26%).

In the majority of cases where only one aid was
fitted, this was because either the participant only
needed one aid clinically (n = 17) or they thought
that their hearing was not poor enough to be
fitted with two aids (n = 12).
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TABLE 28 Representativeness of sample attending clinic

Nottingham Bath

Failed Passed Failed Passed

Attend Non-attend Attend Non-attend Attend Non-attend Attend Non-attend

n 184 88 56 333 47 195 19 382

Age (years), mean 64.9(5.8) 65.4 (7.3) 64.2 (5.3) 64.7 (5.8) 66.9 (5.5) 65.8 (6.2) 67.6 (4.7) 65.3 (5.8)
(SD)

Gender, n (%)
Men 106 (57.6) 38 (43.2) 27 (51.8) 141 (57.4) 22 (53.2) 97 (49.7) 9 (52.6) 167 (55.8)
Women 78 (42.4) 50 (56.8) 29 (48.2) 191 (42.3) 25 (46.8) 97 (49.7) 10 (47.4) 213 (43.7)

Q3, n (%)
No difference 64 (34.8) 25 (28.4) 53 (94.6) 304 (91.3) 22 (46.8) 64 (32.8) 19 (100) 361 (94.5)
Sight difference 70 (38.0) 35 (39.7) 2 (3.6) 23 (6.9) 18 (38.3) 70 (35.9) – 17 (4.5)
Moderate difference 32 (17.4) 21 (23.9) – 4 (1.2) 7 (14.9) 39 (20.0) – 1 (0.3)
Great difference 13 (7.1) 7 (8.0) – – – 14 (7.2)0 – –
Can’t hear – – 1 (1.8) – – 2 (1.0) – –
Missing 5 (2.7) – – 2 (0.6) – 6 (3.1) – 2 (0.5)

Q4, n (%)
No difference 55 (29.9) 25 (28.4) 52 (94.6) 307 (92.2) 19 (40.4) 64 (32.8) 19 (100) 356 (93.2)
Sight difference 66 (35.9) 35 (39.8) 2 (3.6) 22 (6.6) 18 (38.3) 70 (35.9) – 22 (5.8)
Moderate difference 41 (22.3) 18 (20.5) – 1 (0.3) 6 (12.8) 39 (20.0) – –
Great difference 14 (7.5) 9 (10.2) – 1 (0.3) 3 (6.4) 14 (7.2) – –
Can’t hear 2 (1.1) 1 (1.1) 1 (1.8) – 1 (2.1) 2 (1.0) – –
Missing 6 (3.3) – – 2 (0.6) – 6 (3.1) – 4 (1.0)

Age may be different here because the questionnaire was sent out some time before the participant attended the clinic. 



The most common reason for deviation from the
randomised allocation process was that the
randomised aid was not suitable (n = 35). The
main reason that DFII aids were fitted when the
participant was randomised to Ergos was that the
participants tended to have normal low-frequency
thresholds (Figure 38).

The DFII has a better frequency shaping facility
than the Ergo and so was better placed to reduce
amplification where HTLs were normal. Reasons
why Ergos were fitted instead of DFIIs were the
presence of a conductive hearing loss or that the
hearing loss was outside the fitting range for the
DFII.

Figure 39 shows the BEA for the two groups that
received the same aid type to which they were
randomised, and the two groups who received a
different aid to the one to which they were
randomised. Those who were randomised to DFIIs

and received Ergos had significantly worse hearing
than the other three groups, consistent with the
clinical reasons why planned randomisation could
not always be achieved.

At the end of the HAT, the vast majority (96%) 
of participants said that they would continue to
wear at least one aid, with 87% reporting that 
they would continue to wear both their aids. 
Of the three who said they would not continue 
to wear their aids, one had problems with ear 
wax and the other two had very mild hearing
losses.

Hearing aid benefit outcomes
Three outcome measures were used to assess
hearing aid benefit:

● FAAF test 
● GHABP
● APHAB.
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TABLE 30 Number and percentage of participants in the randomised and fitted groups

1 ×× DFII 2 ×× DFII 1 ×× Ergo 2 ×× Ergo

As randomised Nottingham 55 64
Bath 16 19

As fitted Nottingham 17 (14%) 57 (48%) 14 (12%) 31 (26%)
Bath 5 (15%) 18 (53%) 4 (12%) 7 (21%)
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As mentioned previously, the randomised group
had different audiological profiles from the fitted
group and so the outcome measures were
examined for the sample as they were actually
fitted (fitted) and the sample who were fitted with
the same aid type to which they were randomised
(randomised = fitted).

FAAF
Hearing aid benefit was derived from the
difference between the aided and unaided FAAF
scores. The median, IQR and range of the
unaided, aided and benefit FAAF scores measured
in speech in noise (SN) for each site are shown in
Figure 40(a).The mean and 95% confidence
intervals are shown in Figure 40(b).

There was a broad range of results for each of 
the measures, which was consistent with results
seen in strand 1, stages 3 and 4. The Nottingham
data in Figure 40(b) showed a significant increase
in the aided FAAF scores compared with the
unaided scores; that is, significant hearing aid
benefit is seen. The mean benefit was 9.1 dB. 
The benefit seen in the Bath data was less 

(mean 3.9 dB), and reasons for this are explained
below.

Although there were no differences in the aided
scores between the two sites, the Nottingham
sample scored significantly worse on the unaided
scores, which resulted in the Nottingham sample
showing more FAAF benefit. This could have been
a result of the differences in occupational group,
where Bath had fewer people in manual
occupational groups and more people in higher
SEG categories in the ‘manual’ occupational
group. 

There were no significant differences for BEA
between the two sites overall, but for the male
manual occupational groups there was a
significant difference in unaided FAAF score
(t = 2.3, 38 df, p = 0.03, separate variances), with
Bath participants being 18% better. There was also
a significant difference in better ear hearing
average (t = 2.8, 22 df, p = 0.01, pooled variance),
with Bath participants being 7 dB HL better.
There were no other gender and occupational
group differences in terms of unaided scores or of
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hearing level. The difference between sites is fully
explained by the performance of male participants
in Bath, who had a significantly higher SEG score
(t = 2.1, 17 df, p = 0.05, separate variance).

Figure 41(a) shows that the distribution of the
mean FAAF scores by BEA group varied between
Nottingham and Bath.

It is clear that the unaided scores between sites
differ. A possible reason for this is the differences
in SEG being compounded by the small number
of patients in the Bath sample (n = 33) compared
with those in Nottingham (n = 102). Figure 41(b)
shows the uniform increase in the FAAF benefit
score with BEA group, when data sites were
pooled. This shows that really substantial benefits
were shown at 35–44 dB HL (10.6%, 95% CI 6.6 to
14.5%), which were due predominantly to lower
unaided scores at 35–44 dB HL.

To examine further differences in FAAF benefit
scores between the Bath and Nottingham samples,
the scores were examined by aid type and by fitted
and randomised = fitted groups (Figure 42).

The participants with Ergo aids showed more 
FAAF benefit than those with DFII aids. In the
Bath sample, there was virtually no benefit seen
for the DFII aids for either the fitted or the
randomised = fitted groups. This was explained
by the unaided and aided scores by aid type shown
in Table 31.

For the fitted groups, there was no difference
between the unaided scores for the Ergo users
across sites, or for the aided scores for the DFII
users, but there was a significant difference
between the unaided scores for the DFII users
across sites. Similar results were also seen for the
randomised = fitted group, so this effectively
ruled out any biases that might be inherent in the
fitted group, such as age or hearing loss. This is
reflected in the BEA scores shown in Table 31. 

The testing procedures followed well-defined
protocols that were carefully monitored across
both sites throughout all phases of the testing:
identical software was used and identical daily
setting-up procedures were followed to set the
output levels of the FAAF speech and noise
stimuli. The number of participants who were
fitted with DFII aids in Bath was low (n = 20). The
difference in unaided DFII score between sites
cannot be explained by test procedure or software,
but was due to the SEG differences. 

GHABP
The mean scores across data from both sites for
the GHABP domains for the fitted group and 
the randomised = fitted group are shown in
Figure 43. The residual disability scale has been
reversed, so a high score represents a good
outcome. 

Those fitted with DFIIs reported less initial
disability than those fitted with Ergos. This was
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consistent with the difference in HTLs seen
between the participants fitted with DFIIs and
Ergos, although this difference was not significant.
Overall, participants fitted with DFII aids showed
slightly poorer GHABP outcomes than those fitted
with Ergos, although these differences were not
significant. Similar results were seen in the
randomised = fitted group.

The mean GHABP outcome scores by BEA are
shown in Figure 44. 

Benefit, satisfaction and use all showed a steady
increase in benefit for BEA greater than or equal
to 25 dB. There was no change in the mean
outcome measures for BEA less than 25 dB.
Residual disability remained fairly constant across
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FIGURE 41 Mean FAAF benefit scores against (a) BEA by site and (b) BEA when site data were pooled
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BEA. Although the GHABP outcomes are shown
to improve with hearing loss, good outcomes of
50% or better were still reported by participants
with only mild losses in the better hearing ear.

APHAB
The benefit scores for each scale were derived
from the difference between the scores obtained to
questions asked with the aid and without the aid at
the 3-month follow-up. Positive scores show
hearing aid benefit. The mean benefit scores of
the pooled site data are shown in Figures 45(a) and
(b) for the fitted group and randomised = fitted
group, respectively, by aid type.

For all scales except for the aversiveness (AV) scale,
the participants in the fitted group showed more
benefit when hearing aids were worn than without,

although this was significant only for the ease of
communication scale (t-test, p < 0.01). The AV
scale showed a significantly negative score (t-test,
p < 0.001), which might be expected as one of the
largest complaints about hearing aids is that
background noises are amplified too loudly. The
results were the same for the randomised = fitted
group. Differences were shown between the
hearing aid types (t-test, p < 0.05) for the fitted
group only, where the Ergo performed better. 

For all scales except for the AV scale, there was
generally a steady, continuous increase in the
benefit scores, with increasing BEA for all the
scales (Figure 46).

Revealed disability derived from the difference in
the initial disability scores without aids at the
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TABLE 31 Unaided and aided FAAF scores and BEA for fitted and randomised = fitted groups by hearing aid type and site

Fitted group Randomised = fitted group

Ergo DFII Ergo DFII

Nottingham Unaided FAAF (%) 62 66 66 68
Aided FAAF (%) 74 73 78 73
BEA (dB HL) 32.7 29.4 29.1 30.4

Bath Unaided FAAF (%) 65 74 68 74
Aided FAAF (%) 75 75 77 74
BEA (dB HL) 38.6 29.5 36.5 31.8



fitting and at the 3-month follow-up showed the
degree of disability that has been revealed to the
hearing aid user after they have worn a hearing
aid, and how much difficulty they had been having
with their hearing before fitting. The results are
shown in Table 32.

All the scores were negative, with the exception of
the AV scale. This showed that participants
reported more difficulties when not wearing 
their aids at the follow-up appointment than they
did at the fitting appointment before they received
their aids. This has implications as to when the
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initial disability questions should be asked in the
rehabilitation process. 

Quality of life outcomes
The quality of life measures were analysed to see
whether there were any changes after the
intervention of providing hearing aid(s) or to see
what factors might influence these measures or
their change. In looking at change over time, only
those cases where all the data were collected at
both the initial visit and the follow-up visit at
about 3 months after the provision of hearing aids
could be used. Missing data were not inputted
within individual questionnaires, which reduced
the numbers that are available for analysis
accordingly for each outcome variable.

Changes over time
For SF-6D there was a small improvement of 0.016
(SE 0.0079, 95% CI 0.001 to 0.031), with SF-6D
improving from 0.744 to 0.759 (t = 1.96, 95 df,
p = 0.05), which can be seen as about a 2%
relative improvement in the mean and about 10%
of the standard deviation of the SF-6D final
measure (0.759, SD 0.15). This benefit was
attributable mainly to a substantial improvement
of 0.014 (t = 3.57, 93 df, p = 0.001) in the social
functioning index, where people rate their
response to the question ‘does your health 
limit your social activities for none, little, some,
most, all of the time?’, to which 50% responded

‘none’ initially, which improved to 62% after
provision of hearing aids. This is a 33% relative
reduction in social dysfunction, which is a good
improvement. No other dimension improved
significantly.

For the HUI there was a moderate improvement
of 0.075 (SE 0.019, 95% CI 0.038 to 0.112), with
HUI improving from 0.713 to 0.788 (t = 4.053,
115 df, p = 0.001), which can be seen as over a
10% relative improvement in the mean and about
38% of the standard deviation of the HUI final
measure (0.79 SD 0.20). This was almost totally
due to the hearing dimension change 
from 0.886 to 0.940, which is a change of about
1 SD on the final measure. In reality, this equates
to a change of category from not being able to
hear and understand what is said without an 
aid in a group conversation or in a quiet room
without a hearing aid, to being able to 
understand with a hearing aid; so it would be 
very poor if the intervention was not substantial
on this metric.

For the QoFL there was a small improvement of
0.0149 (SE 0.0065, 95% CI 0.003 to 0.028), with
the QoFL improving from 0.836 to 0.851
(t = 2.34, 106 df, p = 0.02), which can be seen as
about a 2% relative change in the mean and about
15% of the SD of the final QoFL measure (0.0851,
SD 0.085). 
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The changes seen here are very similar to those
seen in strand 1, when hearing aids were fitted,
where the improvement in SF-6D was 0.012 versus
0.016 shown here, in HUI was 0.069 versus 0.075
and in QoFL was 0.019 versus 0.015. These
changes were consistent and together argue for a
small but robust effect. However, to look at the
changes in detail, the quality of life measures are
not sensitive enough to distinguish different forms
of intervention, for which condition-dependent
outcome measures are needed. The results
obtained in two parts of this study are consistent
across the methods that were used to gather
quality of life data. These benefits are very similar
to those reported by Barton and colleagues.40

Factors affecting quality of life
There were weak correlations between the quality
of life measure benefits, but stronger correlations
between the initial quality of life measure and

these correlations were reduced with the
intervention. The change in QoFL was related to
the change in SF-6D. The change in the HUI
score was such that if the benefit was shown on the
SF-6D and HUI then there was substantial benefit
in QoFL (0.033). If there was disbenefit from the
intervention it had no effect on the QoFL;
however, if there was lack of agreement between
the HUI and SF-6D then there was significant
decrease in the QoFL (–0.048). This suggests that
the HRQoL measures probably measure different
elements of the state and changes (as suggested
above) and that it is only when the several
elements are improved together that QoFL
improves. Indeed, improvement in one domain
but not another may lead to poorer QoFL (and
hopefully resolution of remaining rehabilitative
issues, if action is taken in the future).

To examine the impact of major design aspects on
the quality of life the following factors were
assigned:

● the degree of hearing impairment (better than
35 dB HL versus 35 dB HL or greater average
hearing threshold) 

● tinnitus (no current tinnitus or tinnitus) 
● whether two hearing aids were used or one 
● whether Ergo or DFII hearing aids.

Analysis is reported for aids worn rather than as
assigned, as when the intention-to-treat (ITT)
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TABLE 32 Mean revealed disability scores for the APHAB,
mean and SD (n = 135)

Scale Mean (%) SD

Ease of communication –6.1 17.6
Background noise –4.8 17.9
Aversiveness 7.8 23.6
Reverberation –2.0 12.1
Global score –8.7 20.9



variable (not in allocated group versus in allocated
group) was used in the analysis, essentially the
same results were shown. There were no significant
main effects or interactions between the ITT
factor and the design factors (hearing aid type and
number) or patient characteristic (severity of
hearing impairment or tinnitus) on the quality of
life or QoFL outcomes.

There were no significant effects of the type of
hearing aid or fitting on the change in SF-6D or
its domains. Nor was there any effect of the degree
of hearing impairment in the better ear. There was
an effect on initial SF-6D score of the degree of
hearing loss in those who reported tinnitus at the
time of the initial clinical assessment (F1,94 = 7.3,
p = 0.008) where this tinnitus group, who had an
average hearing loss of 35 dB HL or more in the
better ear, had SF-6D scores that were between
0.12 below the average score (0.74). The major
factor that impacted on the degree of benefit
measure by SF-6D was related to the groups who
had tinnitus (F1,81 = 7.4, p = 0.008), where the
change was 0.04 in those who had initially
reported tinnitus. 

There were no substantial, statistically significant
factors that affected the change in HUI scores,
before and after provision of hearing aids.

Tinnitus did have an effect on the change in
QoFL scores, with a change of 0.029 in those who
reported tinnitus initially (F1,87 = 3.64, p = 0.059)
compared with 0.005 in those who did not. 
There was some evidence that this change was
greater in those who used the DFII hearing aids
than in those who used the Ergo hearing aids.

However, those who ended up using the DFII
hearing aids were more impaired at the higher
frequencies, e.g. 4 kHz 51dB HL for DFII with
tinnitus versus 46 dB HL for Ergo with tinnitus.
When hearing level at 3 kHz was used as a
covariate instead of a factor, this interaction was
not significant.

Comparison of outcomes with other
studies
The GHABP and APHAB benefit data from the
current study were compared against the pilot
MHAS study carried out in Nottingham, known as
the DigIT study.60 Comparison was made with this
study because the study protocols were very similar
and the same hearing aids were used. To be
consistent with the current study, only data from
DigIT participants aged 55–74 years were
analysed. The distribution of age, BEA across
0.5–4 kHz, gender and hearing aids fitted between
the present study and the 55–74 year olds in the
DigIT study are shown in Table 33.

There was a significant difference between age and
BEA between the two studies: the DigIT group
had more hearing loss and were older (t-test,
p < 0.001).

The distribution of aid type between the two
studies was very similar: about two-thirds of the
aids fitted were DFII, although significantly more
bilateral aids were fitted in the present study than
in the DigIT study.

The means of the GHABP and APHAB benefit
scores for the two studies are shown in 
Figure 47. 

Strand 2: clinical effectiveness trial

78

TABLE 33 Age and BEA across 0.5–4 kHz, and distribution of gender, hearing aid type and number of aids fitted for the present study
and the DigIT study

Study

Present DigIT

Age (years), mean (SD) 66.4 (5.3) 70 (2.9)

BEA (0.5–4 kHz) (dB HL), mean (SD) 30.7 (10.9) 35 (9.8)

Gender, n (%)
Male 72 (64) 55 (57)
Female 41 (36) 41 (42)

Hearing aids fitted
DFII 74 (62) 61 (64)
Ergo 44 (36) 35 (37)

No. of hearing aids fitted
Two 88 (74) 8 (9)
One 31 (26) 88 (92)



The DigIT group showed significantly more initial
disability and handicap, poorer residual disability
and more aid use, which probably reflects the
poorer hearing in this group. Although the DigIT
group showed about 5% more benefit and
satisfaction than the present study, this difference
was not significant.

For all APHAB scales except aversiveness (AV), the
present study reported significantly more benefit
than the DigIT study. The AV score was negative
for both studies, showing that aversion to noise
when wearing the hearing aids was worse than
when the aids were worn, which is to be expected.
The present study reported more AV than the
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DigIT study, which may be because hearing levels
overall were better in the present study.

Apart from the GHABP use and the APHAB AV
scores, the outcomes from the present study were
either no different from or better than the
outcomes from the DigIT study, despite the latter
study group having more hearing loss and
reporting more initial disability. As most of the
outcome measures here show a trend towards
increasing benefit with increased hearing loss, the
greater hearing loss and initial disability shown in
the DigIT study might suggest that the outcome
measures from the DigIT study would, in fact, be
better than the present study. However, it is
possible that in the present study there may be
greater benefits from intervention reflected in the
outcome measures because of the way the screening
programme brought people into the rehabilitative
process earlier than would otherwise have been the
case. This would avoid many years of frustration
for the individual and for their families.

Clinical validity of screening
questionnaire
The screening questionnaire that was filled in
either in the GP’s surgery or at home was repeated
in the clinic by interview with an audiologist. The
results for the screening questions 1–4 are shown
in Tables 34 and 35.

There was very high clinical validity in the GP
screening questionnaire and the clinic interview
for Q1, ‘Do you have any difficulty with your
hearing?, and Q2, ‘Do you find it very difficult to

follow a conversation if there is background noise
(such as TV, radio, children playing)?’.

There was more variability for Q3 and Q4: ‘How
well do you hear someone talking to you when
that person is sitting on your RIGHT side
(4. LEFT side) in a quiet room?’

For these questions, participants who reported ‘No
difficulty’ on the GP questionnaire were highly
consistent in reporting the same response at the
interview. Some variability was seen from the
participants who said that they had some degree
of difficulty on the original questionnaire.

Where a response did differ between the original
questionnaire and interview, the interview
response generally gave a more positive picture
than the response on the GP questionnaire. This
may be because the participants were being
interviewed in a quiet room by audiologists who
are experienced at talking to hearing-impaired
people and do so clearly and at an appropriate
loudness level. In these optimal conditions the
participants may well have experienced less
difficulty hearing in the clinic than they thought
they did when originally filling in the questionnaire.
The advantage of the difference in the 
responses (GP versus clinic) occurring in this
direction (i.e. the original answer results in a 
more negative response) is that this increases the
sensitivity of the screening questions and 
ensures that those who genuinely have hearing
difficulty are identified. The disadvantage is an
increased FAR.
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TABLE 34 Repeatability for (a) Q1, ‘Do you have any difficulty with your hearing?’ and (b) Q2, ‘Do you find it very difficult to follow a
conversation in background noise?’

Original GP questionnaire

Nottingham Bath

No Yes No Yes

(a) Question 1
Clinic repeat No 52 (93%) 6 (3%) 19 (100%) 2 (4%)

Kappa for n and B = 0.886, 0.895 Yes 4 (7%) 178 (97%) 0 (0%) 45 (98%)
Overall 0.896

Total n 56 184 19 47

(b) Question 2
Clinic repeat No 52 (81%) 15 (9%) 21 (88%) 5 (12%)

Kappa for n and B 0.707, 743 Yes 13 (19%) 160 (91%) 3 (12%) 37 (88%)
Overall 0.719 

Total n 65 175 24 42

Numbers in parentheses are percentages of the sample.



Overall, these results show that there is good
agreement in responses given on two separate
occasions and so confirm that the screening
questionnaire is a valid tool for screening for
hearing impairment. 

Performance of screening questionnaire 
One of the aims of the study was to develop
criteria to identify people who would benefit from
a hearing aid in terms of their speech in noise
benefit. In population terms, it was not possible to
obtain the sensitivity and FAR of the screening
tests to identify benefit from the FAAF test, which
was used to measure speech in noise benefit. This
was because the numbers who passed the screen
and were fitted with aids was low, and the FAAF
test was only carried out in participants who were
fitted with hearing aids as part of the study. In
Bath, no one who passed the screening
questionnaire was fitted with an aid, and in
Nottingham only four participants who passed the
screening questionnaire were fitted. 

As an alternative set of criteria a proxy marker for
ability to benefit was used: the BEA across
0.5–4 kHz using cut-offs at 30 db or below and
35 dB or below. These criteria were also used in
the stage 3 analysis. There was no significant
difference between the sensitivity and FAR
between the Nottingham and Bath samples, so the
data were pooled. In order for these data to be
representative of the general population, a

sampling weight was used derived from the initial
set of respondents to the screen. The sensitivity
and FAR for the different combinations of
screening questions are shown in the plots in
Figures 48. Definitions of pass and fail for each
question combination were the same as those used
in strand 1, stage 3.

Fine-tuning the screening audiometry
At stage 3 with BEA as the outcome, screening
audiometry using a 4-kHz tone presented at 
30 dB HL showed a very high sensitivity, of 92%
for a 30-dB HL cut-off and 97% for a 35-dB HL
cut-off, although the FAR was not so good, at about
30% (see strand 1, stage 3, Figures 15 and 16,
p. 40). This suggested that using a higher intensity
tone would result in an improved FAR. However,
this would reduce sensitivity, but as this was already
very high, there was room to allow for some
reduction in this measure. This was confirmed by
examining the pure tone threshold from the pure
tone audiogram, where the 4-kHz threshold cut-off
at 40 dB HL showed an improvement in the FAR
of about 10% while sensitivity remained high, at 86
and 90% for BEA cut-offs at 30 and 35 dB HL,
respectively (see strand 1, stage 3, Figures 15 and
16, p. 40). However, the pure tone threshold for 3
kHz when using a cut-off at 35 dB HL was shown
to be better still. 

As a result of these findings, screening audiometry
was examined in more detail in strand 2, to
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TABLE 35 Percentage deviation from the response on original GP questionnaire to that on clinic response for (a) Q3, ‘How well do you
hear someone talking to you when that person is sitting on your RIGHT side in a quiet room?’ and (b) Q4, ‘How well do you hear
someone talking to you when that person is sitting on your LEFT side in a quiet room?’

Original GP questionnaire

Clinic repeat No difficulty Slight Moderate Severe Cannot 
difficulty difficulty difficulty hear

(a) Question 3
Nottingham Better response (%) NA 48 59 72 –

Same response (%) 95 47 38 31 –
Worse response (%) 8 5 3 31 –

Bath Better response (%) – 44 86 – –
Same response (%) 83 39 14 – –
Worse response (%) 17 17 0 - NA

(b) Question 4
Nottingham Better response (%) NA 39 63 79 33

Same response (%) 93 51 33 14 67
Worse response (%) 7 10 4 7 NA

Bath Better response (%) NA 66 67 33 –
Same response (%) 87 11 33 67 100
Worse response (%) 13 23 0 – NA



establish which would be the best frequency and
intensity level to use in a screening audiometry
context. 

Table 36 shows the three different methods used to
define the pass and fail criteria for screening
audiometry in this strand. 

Method 1 defined a pass when both the tones were
heard in both ears, with anything else being

defined as a fail. Method 2 defined a pass when
both the tones were heard in one ear, with
anything else defined as a fail. Method 3 defined a
fail as hearing none of the tones in either ear, with
anything else being defined as a pass. 

The analysis reported here used the warble tones
as in practice where the test conditions are not
soundproofed, warble tones are a more reliable
stimulus.61 Figure 49 shows the sensitivity and FAR
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FIGURE 48 Sensitivity and FAR for the different combinations of screening questions against a BEA cut-off of (a) 30 dB HL and 
(b) 35 dB HL (n = 306)



for the six warble tones used for the three
methods defined in Table 36, using a BEA cut-off
of 30 dB HL or below as the outcome. 

Method 1 had better sensitivity values than
methods 2 and 3, but poor FARs. This is because
method 1 required only one tone not to be heard
in either ear for the participants to fail, so
identifying most participants with a hearing loss.
However, this method resulted in poor FAR as
participants with relatively good hearing would
also fail if they did not hear only one of the 12
presented tones. 

Methods 2 and 3 showed very similar results,
because there were few participants (<3%) who
heard only one of the two tones presented at any

specific frequency or intensity. So the rest of the
analysis focuses on the pass/fail criteria defined in
method 3, that is, hearing no tones in either ear
was classed as a fail and anything else was classed
as a pass, as this would be the easier of the two
methods to use in practice. 

Figure 50 shows the sensitivity and FAR for
screening audiometry using BEA outcomes at 30
and 35 dB HL. The error bars are 95% confidence
intervals. 

Not surprisingly, the efficiency of screening
audiometry was better overall when the BEA
outcome was 35 dB HL, which reflects that most of
the intensities for the screening tones were 35 dB
HL or greater (5/6).
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TABLE 36 The three different methods that were used to define the pass and fail criteria for screening audiometry in this strand

No. of tones heard Result

Left ear Right ear Method 1 Method 2 Method 3

2 2 Pass Pass Pass
2 1 Fail Pass Pass
2 0 Fail Pass Pass

1 1 Fail Fail Pass
1 0 Fail Fail Pass

0 0 Fail Fail Fail
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FIGURE 49 Sensitivity and FAR for the three methods used to define pass and fail for screening audiometry using a cut-off of BEA at
30 dB. The data labels denote the tone frequency, intensity of tone and method used, e.g. 3k30_3 represents 3-kHz tone presented at
30 dB HL using the pass/fail criterion defined by method 3.
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When the BEA outcome with a criterion of 35 dB
HL was used, the screening audiometry
parameters that produced the best sensitivity and
FAR were 4 kHz at 45 dB HL and 3 kHz at 35 and
40 dB HL, with 4 kHz at 40 dB HL performing
only slightly worse. For BEA outcome at
30 dB dB HL, no single tone or intensity had
better screening efficiency than the others.

Efficiency of screening questionnaire
compared with screening audiometry
A systematic analysis of the different screening
conditions was carried out against a number of key
outcome criteria (see Chapter 5 for a more
detailed discussion of different outcome
measures). The major outcome criterion
considered here is the degree of hearing
impairment on the better hearing ear as indicated
by the average hearing level (0.5, 1, 2 and 4 kHz).
Several different gold-standard criteria were used,
but the two most important were 30 and
35 dB HL, where the majority of the new patients
who were identified by the population study
reported in Chapter 2 were distributed. 

Comparison of the plots of the screening
questionnaire and screening audiometry methods
showed that screening audiometry was a better
screen than any of the questions or combination of
questions for both BEA outcomes (Figure 50). This
was similar to the results seen in strand 1, stage 3
(see Figures 15 and 16, p. 40). 

There was a clear difference in performance
between the two methods. In fact, any of the

options for screening audiometry showed better
screening efficiency than any of the single or
combinations of the screening questions. However,
screening audiometry is more expensive to carry
out (see Chapter 5) and less accessible to the
population than a questionnaire. It could be more
acceptable and affordable in policy terms to access
large numbers using a questionnaire screen
approach in which more people might be
identified and helped than if only a small number
might have access to audiometry screening. This
was what was explored using the two-stage screen
approach taken in this strand. The two-stage
screen was designed to find out how often the
individuals who passed the questionnaire screen
and were not identified as having a hearing
problem turned out to have hearing problems
when assessed using audiometric screening.

To assess how the two-stage screen performed, the
screening process shown in Figure 51 was
examined.

The performance of this two-stage screening
rationale using Q1, Q2 and combination of Q1
and Q2 was examined. The best two-stage
combination was when Q1 was used on its own
with the screening audiometry, shown in Figure 52
(although there were no statistically significant
differences, hence error bars are not shown in this
figure).

If screening for BEA was done at 35 dB HL in this
sample, which was weighted to represent the
population, using a combination of Q1 followed

Health Technology Assessment 2007; Vol. 11: No. 42

85

© Queen’s Printer and Controller of HMSO 2007. All rights reserved.

Screening question

Pass

Screening audiometry

Fail

Pass Fail

Overall pass Overall fail
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by screening audiometry using 3 kHz at 30 dB
HL, the numbers that would pass and fail at each
stage are shown in Figure 53. This shows that
59.7% (n=183) would pass the screening
questionnaire and so would not go on to be
screened by audiometry; the mean BEA was 
13.4 dB HL. Of those who would pass the
questionnaire, only eight (4%) would have gone on
to fail the audiometric screen, six of whom had a
BEA below 30 dB HL. Of those who would have
gone on to have screening audiometry performed,

just under half would have failed the screen
(n = 56, 45.9%); the mean BEA was 35.4 dB HL.
The majority of these (n = 48, 85.7%) accepted a
hearing aid. 

Of those who passed the overall screen, 18%
accepted a hearing aid. However, it must be
remembered that all those who failed to hear just
one single tone in the screening audiometry were
offered an aid, regardless of hearing loss. Only
10% of those (n = 4) had a BEA above 35 dB HL,
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whereas of those who failed the overall screen,
85% had BEA below 35 dB HL.

Outcome measures for best screen
Using the two-stage screen described in the
previous section (Q1 and 3-kHz tone at 30
dB HL), the mean and 95% confidence intervals
of four outcome measures (BEA, FAAF benefit,
GHABP overall and APHAB overall score) are
shown in Figure 54.

Those who failed this two-stage screen performed
significantly less well on all of the outcome
measures (FAAF, GHABP, APHAB) than those who
passed the screen. This indicates that this screen
has the capacity to identify those who would gain
significant benefit from wearing a hearing aid
compared with those who would not. The

difference in benefit was also reflected in the
difference in BEA across those who passed
(15.1 dB) and those who failed (35.4 dB HL).
Whether the extra numbers identified by the
screen (compared with those who would typically
come forward and be fitted in the NHS at present)
justify the higher cost of offering audiometry
screening is a policy issue and will be discussed in
Chapter 5.

Additional calculations
Since the strand 2 research originally took place
we have done some further calculations to
interrogate the data in more depth.

Table 37 shows the sensitivity and FARs for the
different audiometric screens that were used as a
function of frequency (3 or 4 kHz), level (30, 35,
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40 or 45 dB HL) and presentation (steady or
warble tone). A summary statistic, the d�, is also
shown to summarise the performance of the
screening test for a particular condition. The d�
is a guide to the overall effectiveness of the screen
in detecting the condition. A higher d� is better.
The d� statistic averaged 2.2, with a range of
1.9–2.4 and an SD of 0.1. There were significant
main effects of target condition, level and
presentation state on d� and some interactions,
notably a frequency by presentation interaction
(F1,35 = 79, p < 0.001) where the best estimate of
d� was for the 3-kHz steady tone, was 2.30
compared with 2.10 at 4 kHz and for warble tones
was 2.20 at 3 kHz and 2.22 at 4 kHz. Table 37
shows that the d� values are systematically lower
for the 30-dB HL target and that 3 kHz has a
better d� for steady-state tones and 4 kHz is
slightly better for warble tones. Figure 55 illustrates
these results.

A one-stage screen can only be a reality when the
costs of the screening protocol are low in
comparison to the overall costs. It was not possible
at the time to produce a very low-cost audiometric
screener. Table 38 shows a practical two-stage
screen arrangement where the first element is
asking a question and the second is an
audiometric screen.

If a screen is arranged as a series of tests it is very
important that the first test has as high a
sensitivity as possible. From the work shown in
Figure 55 it is clear that Q1 and Q2 are the most
sensitive questions, but have quite a high FAR.
Table 38 has taken these two questions and the
combination of questions ‘Q1 or Q2’ indicating a
hearing problem as alternative questions in the
first stage of a screen programme. These questions
are then in series with the screen scenarios
explained above. It was clear from Table 37 that
the 30-dB HL target condition did not have as
good operating characteristics as the 35-dB HL
condition. Therefore, Table 38 only reports the 
35-dB HL criterion condition. 

As a single screen, 35 dB HL 3 kHz had a
sensitivity of 92% and an FAR of 13% with a d� of
2.53 using a steady-state pure tone signal, and a
sensitivity of 88%, FAR of 11% with a d� of 2.40
for a warble tone. In combination with Q1, this
steady-state pure tone decreases to 85% sensitivity
and 9% FAR and a d� of 2.39, or if Q1 or Q2 was
used the sensitivity is unaffected and the FAR
increases to 10% with a d� of 2.22. 

The d� value essentially maps the difference
between two distributions in standard deviation
(SD) units. A difference such as 0.48 (2.53 – 2.05)

Strand 2: clinical effectiveness trial

88

Pass Fail

Screen: Q1 followed by screening
audiometry (3k at 30 dB HL)

0

20

40

60

80

O
ut

co
m

e 
sc

or
e

FIGURE 54 Mean and 95% CI for BEA (●), FAAF benefit (�), global APHAB benefit (�) and global GHABP (▲) scores for the best
screening audiometry and question combinations by screen pass or fail



Health Technology Assessment 2007; Vol. 11: No. 42

89

© Queen’s Printer and Controller of HMSO 2007. All rights reserved.

TABLE 37 Operating characteristics of the audiometric screen to detect two levels of hearing impairment (30 and 35 dB HL BEA
average) as a function of frequency (3 or 4 kHz), level (30, 35, 40 and 45 dB HL) and presentation of pure tone (steady or warble)

Frequency (kHz) Level (dB HL) Sensitivity FAR d�

Estimate 95% CI Estimate 95% CI

Steady pure tone
35 dB HL average on better ear criteria
4 45 0.90 0.79 to 0.95 0.16 0.11 to 0.18 2.28
4 40 0.92 0.82 to 0.97 0.21 0.16 to 0.23 2.21
4 35 0.95 0.87 to 0.99 0.24 0.19 to 0.26 2.35

3 40 0.87 0.75 to 0.93 0.10 0.06 to 0.11 2.41
3 35 0.92 0.82 to 0.96 0.13 0.09 to 0.15 2.53
3 30 0.95 0.87 to 0.99 0.20 0.15 to 0.22 2.49

30 dB HL average on better ear criteria
4 45 0.73 0.60 to 0.79 0.14 0.10 to 0.16 1.69
4 40 0.78 0.66 to 0.84 0.19 0.14 to 0.21 1.65
4 35 0.84 0.73 to 0.89 0.21 0.16 to 0.24 1.80

3 40 0.70 0.56 to 0.76 0.08 0.04 to 0.09 1.93
3 35 0.75 0.62 to 0.81 0.11 0.07 to 0.12 1.90
3 30 0.90 0.82 to 0.94 0.16 0.11 to 0.18 2.28

Warble tone
35 dB HL average on better ear criteria
4 45 0.88 0.77 to 0.94 0.10 0.06 to 0.12 2.46
4 40 0.93 0.85 to 0.98 0.15 0.11 to 0.17 2.51
4 35 0.95 0.87 to 0.99 0.20 0.16 to 0.23 2.49

3 40 0.82 0.68 to 0.89 0.08 0.05 to 0.10 2.32
3 35 0.88 0.77 to 0.94 0.11 0.07 to 0.13 2.40
3 30 0.95 0.87 to 0.99 0.19 0.15 to 0.22 2.52

30 dB HL average on better ear criteria
4 45 0.69 0.56 to 0.76 0.08 0.05 to 0.10 1.90
4 40 0.75 0.62 to 0.81 0.14 0.09 to 0.16 1.75
4 35 0.87 0.77 to 0.91 0.17 0.12 to 0.19 2.08

3 40 0.65 0.52 to 0.72 0.07 0.04 to 0.08 1.86
3 35 0.70 0.57 to 0.77 0.09 0.06 to 0.11 1.87
3 30 0.90 0.82 to 0.95 0.15 0.11 to 0.17 2.32
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FIGURE 55 Estimate means of d� as a function of level, frequency and presentation of tone as a steady state or warble tone



SD units shown between warble tones and steady-
state tones can be interpreted as quite large,
whereas 0.14 (2.5 – 2.36) SD can be seen as quite
small. It seems that hearing level varies
systematically with the number of tones heard with
the warble tone, which is good for some
applications, whereas steady state is more of a
step-function in terms of the underlying
distribution of hearing level. The steady-state pure
tone is therefore better for screening but in reality
only 14 out of 298 sample cases were not classified
the same, which is a small proportion. 

The analyses in this chapter concentrate on the
warble tone scenario. In Chapter 5 the different
potential models for one- and two-stage screening
are systematically compared.

Discussion
Take-up of the screening questionnaire
The take-up of the screening questionnaire (filling
in the questionnaire and returning it as required)
was higher for the systematic than for the
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TABLE 38 Operating characteristics of a two-stage questionnaire and audiometric screen to detect hearing impairment at 35 dB HL
BEA as a function of frequency (3 or 4 kHz), level (30, 35, 40 and 45 dB HL) and presentation of pure tone (steady or warble)

Sensitivity FAR d�

Frequency Level (db HL) Estimate 95% CI Estimate 95% CI

Steady tone
Q1 4 45 0.83 0.70 to 0.90 0.09 0.05 to 0.11 2.31
Q1 or Q2 4 45 0.83 0.70 to 0.90 0.11 0.07 to 0.13 2.19
Q2 4 45 0.82 0.68 to 0.88 0.10 0.07 to 0.12 2.17

Q1 4 40 0.85 0.72 to 0.91 0.12 0.08 to 0.14 2.20
Q1 or Q2 4 40 0.85 0.72 to 0.91 0.15 0.11 to 0.17 2.06
Q2 4 40 0.81 0.67 to 0.88 0.14 0.10 to 0.16 1.96

Q1 4 35 0.88 0.77 to 0.94 0.14 0.10 to 0.16 2.25
Q1 or Q2 4 35 0.88 0.77 to 0.94 0.17 0.13 to 0.20 2.12
Q2 4 35 0.85 0.72 to 0.91 0.16 0.12 to 0.19 2.00

Q1 3 40 0.80 0.66 to 0.87 0.06 0.03 to 0.08 2.38
Q1 or Q2 3 40 0.80 0.66 to 0.87 0.07 0.04 to 0.09 2.30
Q2 3 40 0.78 0.64 to 0.85 0.07 0.04 to 0.08 2.26

Q1 3 35 0.85 0.72 to 0.91 0.09 0.05 to 0.10 2.39
Q1 or Q2 3 35 0.85 0.72 to 0.91 0.10 0.06 to 0.11 2.33
Q2 3 35 0.81 0.67 to 0.88 0.09 0.06 to 0.11 2.22

Q1 3 30 0.88 0.77 to 0.94 0.12 0.08 to 0.14 2.36
Q1 or Q2 3 30 0.88 0.77 to 0.94 0.14 0.10 to 0.16 2.28
Q2 3 30 0.85 0.72 to 0.91 0.13 0.09 to 0.15 2.16

Warble tone
Q1 4 45 0.82 0.68 to 0.88 0.08 0.05 to 0.10 2.29
Q1 or Q2 4 45 0.82 0.68 to 0.88 0.08 0.05 to 0.10 2.30
Q2 4 45 0.80 0.66 to 0.87 0.08 0.04 to 0.09 2.27

Q1 4 40 0.87 0.75 to 0.93 0.11 0.07 to 0.12 2.36
Q1 or Q2 4 40 0.87 0.75 to 0.93 0.13 0.09 to 0.15 2.26
Q2 4 40 0.83 0.70 to 0.90 0.12 0.08 to 0.14 2.14

Q1 4 35 0.88 0.77 to 0.94 0.13 0.09 to 0.15 2.33
Q1 or Q2 4 35 0.88 0.77 to 0.94 0.16 0.12 to 0.18 2.19
Q2 4 35 0.85 0.72 to 0.91 0.15 0.11 to 0.17 2.06

Q1 3 40 0.75 0.60 to 0.83 0.06 0.03 to 0.08 2.21
Q1 or Q2 3 40 0.75 0.60 to 0.83 0.07 0.04 to 0.09 2.13
Q2 3 40 0.73 0.58 to 0.81 0.07 0.04 to 0.08 2.10

Q1 3 35 0.81 0.67 to 0.88 0.08 0.05 to 0.10 2.29
Q1 or Q2 3 35 0.81 0.67 to 0.88 0.09 0.06 to 0.11 2.23
Q2 3 35 0.78 0.63 to 0.85 0.09 0.05 to 0.10 2.12

Q1 3 30 0.88 0.77 to 0.94 0.12 0.08 to 0.14 2.38
Q1 or Q2 3 30 0.88 0.77 to 0.94 0.13 0.09 to 0.15 2.30
Q2 3 30 0.85 0.72 to 0.91 0.13 0.09 to 0.15 2.16



opportunistic delivery. The advantage of a
systematic delivery is that a whole-population
approach can be taken and all the patients in the
age range can be offered a screen. For an
opportunistic delivery, the questionnaire is only
available to a subsection of the target group (those
who attend the GP’s surgery), although this is
administratively simpler. 

In this study the design intention was to use a
balanced sample of opportunistic and systematic
allocation to practices to test which approach was
more effective. The yield for the systematic
approach was in line with expectations. However,
the yield from the opportunistic screen was so
much lower than expected that it was decided to
recruit additional GP practices for the
opportunistic screen to increase the numbers in
the opportunistic sample. It was important to have
enough patients from the opportunistic screen
proceeding to treatment to test whether the
screening approach affected the number,
properties and response of cases identified. We did
not have any reasons to assume that this change in
the design introduced large biases of the type that
cluster randomisation is needed to control for,
which would in any case have needed a request for
additional funding and time. We feel that the
design as modified was fit for purpose and
provided enough information of good quality.

In light of the allocation process of intervention to
general practices, the results need to be treated
with some caution. However, the findings in favour
of systematic versus opportunistic screening are
consistent with findings from the wider literature
on screening. Take-up of opportunistic screening
at the time of the study may have been adversely
affected by the rapid developments and pressures
affecting NHS primary care policy and general
practice at the time, but changes have continued
and do not appear to make it more likely that
opportunistic screening will be effective compared
with systematic screening. 

As predicted, the take-up of the screening
questionnaire was higher when the invitation to fill
in the questionnaire was signed as coming from
the patient’s own GP rather than a researcher who
was not known to the person. There was great
variability in the take-up of the opportunistic
screen across GPs’ surgeries in both cities. In
general, the take-up was higher when the
receptionist asked the patient to fill in the
questionnaire, rather than when the questionnaire
was left in the waiting room, which might be
expected. 

It is not clear what contributed to the variability by
GP practice, although the surgeries that had fewer
GPs showed a better take-up. The surgery that had
the largest response was run by a single GP,
whereas the poorest responses were seen at
surgeries that had five and six GPs. Patients may
have felt more inclined to ‘help’ the GP if they
knew them better, which would be the case where
there were fewer GPs, or perhaps the smaller size
of the premises encouraged a greater take-up and
return of questionnaires to the reception. The
take-up in Bath was much greater than in
Nottingham. The Bath respondents had a higher
percentage from non-manual social classes (66%)
than in Nottingham (44%) [�2 = 9.42, 1 df,
p = 0.002) and were from a more rural community
than those in Nottingham, which is more urban.
This may have contributed to the better take-up
rate. 

The hearing assessment
The take-up of the hearing assessment was less
variable across GP surgeries and cities, with about
three-quarters of those who reported some
hearing difficulty on the questionnaire attending
the clinic. It may be that answering the
questionnaire encouraged patients who had
noticed some problems to take action when it 
was offered. In addition, travel expenses were 
paid or a taxi was arranged and paid for to
encourage take-up of the assessment. Take-up 
of a hearing assessment in a service context may
be less than was seen here because of that.
However, this may not be important if using a
more targeted approach based on the
questionnaire. 

Just under half of the participants who attended
for a hearing assessment reported that they had
already seen their GP about their hearing before
taking part in this research. The fact that so many
of the sample had been to see their GP about their
hearing yet none had been referred on to an ENT
consultant or a hearing aid clinic is consistent with
our experience2 and the results from strand 1 
(6.9% see the GP in a year about their hearing and
2.6% are referred to an audiology department for a
test): that obtaining a GP referral for a hearing
test can be a significant hurdle for hearing-
impaired people to cross. This indicates a need for
educating GPs about the benefit of modern
hearing aids, particularly in mild hearing losses in
younger people. This could be in the form of
guidelines based on this study. More consistent
referral patterns may then be seen, especially if
inexpensive devices to carry out the screening
audiometry could be made available in the GP
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surgery. This may also help in more uniform
criteria being used for referral on to an audiology
department. Only one in five of the participants
who filled in and returned the screening
questionnaire and who reported a hearing
difficulty had a hearing aid. Although this
confirms what we already knew2 – that the number
of people with a hearing loss who have hearing
aids is low – at least these people were given the
opportunity to obtain a hearing aid as a result of
this study.

Approximately two-thirds of participants who
failed either the screening questionnaire or
screening audiometry accepted the offer of a
hearing aid. This was higher than anticipated; a
take-up of about 50% had been expected. It is
likely that the take-up of aids was higher than
would be seen in a service context for a number of
reasons:

● ITE aids were offered: strand 1 had already
shown that these aids are considered more
acceptable.62 (Note that at the time of the study
the new open ear fitting options for BTE
hearing aids were not available. These BTE
hearing aids are less noticeable than the BTE
aids used in this study.)

● Participants were offered the aids in a research
context: it was made clear when asking for their
consent to take part in the hearing aid trial that
the aids could be returned if they were not
happy with them (although only three patients
returned their aids because they were not
helpful). 

● Although no payment was made to the
participant to take part in the hearing aid trial,
travel expenses were paid and taxis arranged,
which encouraged them to attend.

The mean hearing loss in the better hearing ear
was much lower than the average first-time
hearing aid user in the NHS (31 versus 42 dB HL)
and the mean age was much less (66 versus
74 years). This suggests that there is an unmet
need in younger people with milder losses and a
greater willingness to try hearing aids than is
currently seen in the typical first time users 
in the NHS. There was also a high uptake of
bilateral fittings: 74% were fitted in this study,
which is comparable to that observed in the
MHAS study.57

Hearing aid benefit
Having established a higher than expected take-
up of hearing aid fittings, what benefits did the
aids confer to the sample participants? 

The outcome results from this study were
compared with two other studies:

● the MHAS study57

● the DigIT study (the MHAS pilot), which was
carried out in Nottingham.60

GHABP results from participants in the present
study were compared with results from a group of
patients seen in the MHAS evaluation study who
were aged less than 75 years, reported mild losses
(mean BEA = 40.6 dB HL) and were fitted with
two ITE aids.50 The outcomes were similar, even
though the present sample had less hearing loss.

The GHABP and APHAB outcomes were compared
against those from a sample of the DigIT study,
who had slightly poorer hearing (4 dB HL on
average) and were on average 4 years older than
the current study sample. Although the initial
disability and handicap scores from the GHABP
were significantly poorer in the DigIT sample,
reflecting the poorer hearing, only use was shown
to be significantly higher in the DigIT group. For
the other outcome measures from both the GHABP
and APHAB, there was either no difference
between the two studies, or significantly more
benefit was reported from the present sample. 

These results are encouraging. Hearing aid benefit
outcome measures are no worse, and at times
better, in the younger, less hearing-impaired group
from this study. Furthermore, the participants in
this study were approached by us to try the hearing
aids. Before this, either they had not been
sufficiently affected by their hearing difficulty to
see their GP about it, or if they had, they had not
been referred for a hearing aid. In these instances,
it might be expected that the motivation of the
sample to use and benefit from hearing aids could
be less than those who had persevered and
obtained a hearing aid. This was not the case. At
the end of the study period, the vast majority of
participants (96%) reported that they would
continue to wear at least one hearing aid. 

All three outcome measures – FAAF, APHAB and
GHABP – showed an improvement in all the
domains with increasing hearing loss in the better
hearing ear (with the exclusion of residual
disability and aversiveness). This has implications
for the levels of hearing loss that should be
considered for screening purposes, which are
covered in more detail in Chapter 5. The main
reason given why hearing aids were declined was
that ‘Hearing was not poor enough to need an
aid’ (81%). This was consistent with the mean
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better ear average that was significantly worse for
those who accepted a hearing aid (31 dB HL)
compared with those who declined (22 dB HL).
This also has implications for screening. Although
some people with milder losses will accept and
benefit from a hearing aid, the screen outcome
criteria should be set at a level where people
accept that they have a hearing loss to ensure the
best take-up and benefit.

Among the hearing aid outcome measures, the
most consistent finding was that the Ergo gave
more benefit than the DFII. The reason for this is
not clear. It could be that the participants who
were fitted with Ergos had worse hearing. In
addition, those with some conductive component
to their hearing losses were more likely to be fitted
with Ergos, and these participants were more likely
to do better with a linear hearing aid. However,
looking at the group who were fitted with the aid
who were randomised to this condition (thus
removing any bias as far as possible) there is no
difference in the unaided FAAF scores, yet the
aided FAAF scores with the Ergo are still higher
than those from the DFII. Similar results are seen
with the GHABP and APHAB outcomes. 

Screening options
It is clear that screening audiometry is a more
effective screen than any of the questions on the
screening questionnaire, used separately or in
combination. This is highly consistent with the
results in strand 1, stage 3. If it is economically
viable then this approach would be best. The pros
and cons of each approach have been mentioned
previously in the sections ‘Introduction’ (p. 55)
and ‘Results’ (p. 60). A brief examination of the
outcome of a two-stage screen, comprising Q1, ‘Do
you have any difficulty with your hearing?’ with
screening audiometry (hearing a 3-kHz tone at 30
dB HL or not) and weighting the sample in this
study to the general UK population, in terms of
hearing aid take-up and hearing loss, suggests that
this type of screening approach retains sufficient
sensitivity to those who have a hearing loss and
would accept a hearing aid. If cost were not a
problem and one wanted to detect as many
hearing-impaired people as possible, then this
‘best’, most inclusive, two-stage screening test
battery might be considered the best screen, and
will be considered so here. In Chapter 5 cost and
other practicalities will enter into the modelling of
the screening process.

There is a very large number of one- and two-stage
approaches and these are explored in more detail in
Chapter 5. In general, the outcome measures were

significantly better in those who would be classified
as ‘failed’ on the two-stage screen and were fitted
with aids than in those who passed and were fitted
with hearing aids. A more comprehensive analysis
looking at different screening methods, outcomes
and costs is reported in Chapter 5. 

Two years after most of the participants had been
fitted with their hearing aids, a subset (nine) of
those who reported that they would continue to
wear their aids after the study completed was
invited to a focus group to give their views on
their experiences with the aids. The details of this
are given in Appendix 7. In brief, the main points
of the discussion were that participants were

● highly supportive of the idea of screening for
ability to use a hearing aid

● enthusiastic about the service they had received 
● still wearing their hearing aids regularly 
● positive that the hearing aids had enriched

their quality of life.

A 3-year follow-up study of the whole sample is
currently being planned to obtain a broader view.

Conclusions
The number of people reporting hearing difficulty
in primary care aged 55–74 years was high (21%).
Of those who reported having substantial hearing
difficulty, the numbers who had a hearing aid was
low (20%).

A systematic screen in primary care performs
better than an opportunistic screen in identifying
those who may benefit. The screening questions
were excellent in their reliability.

Hearing aid benefit increases with increasing
hearing loss, therefore targeting people with a
significant hearing loss (i.e. BEA �35 dB HL)
would be effective and give better domain-specific
outcomes, and might not swamp the services with
those who may need additional fine-tuning help to
benefit from the DSP hearing aids. Individuals
fitted with hearing aids obtained substantial
benefit in speech in noise, especially when average
hearing levels were greater than about 35 dB HL.

There were significant gains in quality of life using
a range of questionnaire approaches, including
quality of family life. These gains were shown as
greatest in the HUI instrument, where the gains
were very large in terms of an effect size
approaching 40% of the SD.
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Screening audiometry has a lower false alarm rate
than a screening questionnaire: however, a two-
stage screen where the first stage is a questionnaire
may be more accessible, reach a larger number and
identify a larger number, and be more cost-effective.

The most effective frequency for screening seems
to be 3 kHz at 35 dB HL using a steady-state pure
tone, with the highest d� being shown for a
criterion of 35 dB HL for this combination. 

Screening of 55–74 year olds results in hearing
aids being offered, accepted and fitted to large

numbers of younger people who have less hearing
loss than those who routinely present in the NHS. 

Younger, less impaired people identified by a
screen gain at least as much benefit from hearing
aids as typical first-time NHS users. A screen may
enable them to be fitted with aids earlier than
unscreened people, giving up to 10 additional
years of benefit.

Continued use of hearing aids fitted to people
who are younger and less impaired than the
typical first time hearing user is very high.
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Summary
The aim of the studies in strand 3 was to
investigate the long-term outcome of hearing aids
fitted to individuals of pre-retirement age after
population hearing screening. 

The main objectives were:

● to investigate the proportion of people who
would continue using their aids after being
fitted under a proactive system of service 

● to search for predictors of long-term use 
● to investigate the long-term benefit of hearing

aids fitted after pre-retirement screening. 

Out of the 176 people who 12 years earlier (at the
age of 50–65) had been fitted after screening, 116
were traced and followed up; 27 had died and 33
had moved to unknown addresses. The latter had,
at screening, similar hearing loss to those who
were traced. Fifty out of the 116 (43%, 95% CI 
34 to 52%) were using hearing aids at follow-up.

A strong predictor of aid use was the better ear
hearing level at fitting. Seventy-five per cent (95%
CI 53 to 89%) of people with better ear thresholds
(averaged over 0.5, 1, 2 and 4 kHz) of 40 dB HL
or worse continued using aids. Opting for bilateral
fitting was another strong predictor of continuing
use. Moderately or severely annoying tinnitus was
a factor that increased the chances of a person
rejecting their aids.

The 50 people who continued using their aids
were compared with controls of the same current
age, hearing levels, gender and SEG (manual or
non-manual) who were fitted at a hearing aid
clinic. The controls were fitted at an older age (by
10 years), as it is typical for people to delay
seeking help until they are elderly. The group who
were fitted after early screening reported better
outcome in terms of hearing aid use, benefit,
satisfaction and hearing activity limitations than
those who were fitted at an older age under a
responsive system. 

These findings suggest that early proactive fitting
is more beneficial than late fitting at a hearing aid
clinic, for those who continue using their hearing

aids. The current responsive system of service may
be depriving many people of the maximum
benefit they would obtain if a proactive service was
established. However, pre-retirement screening
alone, without postfitting counselling and support,
should be expected to result in a significant
proportion of people rejecting their hearing aids
in the long term. 

Introduction
Currently, hearing rehabilitation is offered on a
responsive basis. Among those who need a hearing
aid, only those who seek help obtain one. 

There are two problems associated with the
responsive model of service: 

● Approximately three-quarters of hearing-
impaired adults never obtain a hearing aid, and
among them there are people whose hearing
impairment is worse than a mild hearing loss.
These people either do not seek help, or they
are not referred for a hearing aid fitting
because of the prevalent misconception among
a proportion of health professionals (such as
GPs) that hearing aids are unnecessary or
useless. 

● Those people who obtain aids do so with a
delay. They persevere with declining hearing
for approximately 15 years before they seek
help and are fitted, on average, around the age
of 70.

Thus, help-seeking behaviour in the population,
and misconceptions among some categories of
professionals, prevent people who could benefit
from hearing aids from receiving them.

Population screening has been proposed as one
possible solution to this problem. Screening would
aim: 

● to increase the proportion of the hearing-
disabled population who make use of the
available services

● to increase the benefit derived from the
available rehabilitative means by applying this
rehabilitation early rather than late.
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Literature to date has shown that the first of these
aims is feasible in the short term; that is, screening
increases the prevalence of hearing aid ownership
in the population. There is also literature that
suggests that early hearing aid fitting may be more
beneficial than late. However, this remained to be
proven. 

Studies in strand 3 added to the knowledge base
relating to the two aims of screening mentioned
above. The three main research questions that this
strand aimed to answer were: 

● Do those who become possessors of hearing
aids after screening use hearing aids in the long
term? 

● Are there any predictors of long-term hearing
aid use? This would help to identify people who
need extra postfitting support. 

● Do those who are fitted after screening at a
younger age after early adult hearing screening
experience more benefit than if they were fitted
at a more advanced age (as is typical for those
who present to hearing aid clinics)?

For the purposes of strand 3, people who had
taken part in three earlier studies on adult hearing
screening were followed up approximately
12 years later. The main group of participants in
the follow-up studies comprised people who had
taken part earlier, in three initial screening
studies. They are described in the next sections.
These were three separate studies set up in Wales
to assess the effectiveness of an adult hearing
screening programme. 

The studies were conducted in 1982–1983 (in
Cardiff), 1987–1989 (in the Afan Valley) and 
1990–1992 (in Llantrisant). In these three initial
studies, all people aged 50–65 years in four
general practices were sent a screening
questionnaire on hearing difficulties. Those who
reported hearing problems were examined and
tested audiometrically. If their hearing level
exceeded 30 dB in their worse hearing ear, they

were offered a hearing aid fitting. Early results
from two of the three studies have been reported
previously.13,14,63–65 As a result of the intervention,
hearing aid possession in these population groups
increased three-fold (Table 39).

These studies showed that this intervention was
effective in increasing the take-up of hearing aids
in the population in the short term. It remained
to be seen whether those who were fitted in the
three initial studies would continue to use their
hearing aids in the long term. Between March
1999 and April 2000 those patients from the
initial screening studies who were still traceable
were followed up. This follow-up came 8–16 years
after their initial screening and fitting (average
12 years). 

Study 1 of strand 3 investigated the long-term 
use rate of hearing aids among those who were
fitted for the first time at the initial screening
studies. 

There has not been any published work in this
area, yet this is an important subject. Early
screening aims at increasing the number of
hearing aid users in the population and, most
importantly, among the elderly population of the
future, as it is the elderly who suffer the most
disability in terms of prevalence and severity. 

Study 1 also investigated whether it is possible to
identify predictors of long-term use of aids among
those who were fitted with aids after screening.
Knowledge of such predictors of use could help to
improve the method of screening that was used in
the initial screening studies, by minimising waste
of resources (caused by fitting aids to people who
may later reject them). Predictor variables would
be useful for:

● selective fitting of those who are likely to
continue using their hearing aids (assuming
that the research community reaches a
consensus as to whether this is ethical)
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TABLE 39 Possession of hearing aids in target population before and after intervention

Location Before intervention After intervention

Cardiff (Roath) 3 (21/662) 9 (61/662)
Glyncorrwg (1st part of Afan Valley study) 7 (19/266) 24 (64/266)
Blaengwynfi (2nd part of Afan Valley study) 8 (24/322) 22 (71/322)
Llantrisant 7 (36/530) 15 (80/530)

Values are percentages. The values in parentheses show the number of aid candidates identified out of the total number of
people in the target populations.



● offering those more at risk of rejecting their
hearing aids priority access to postfitting
support and counselling services, thus
increasing the cost-effectiveness of these
services. 

Study 2 of strand 3 investigated the amount of
benefit experienced by those who were fitted at
the initial screening studies and who continued
using their hearing aids in the long term. 

In the literature there was some existing evidence
suggesting that people fitted at a younger age may
experience more benefit from their aids than
those fitted at an older age, such as those people
who postpone seeking help until they become
older and their hearing deteriorates. This
evidence was based on the fact that younger
people have better handling skills and better
adaptation capabilities. It was also based on the
notion that early fitting might ‘preserve’ auditory
ability, which otherwise would be lost if the
‘auditory brain’ were deprived of acoustical input
through the years that pass until the person seeks
help. However, people fitted at screening have not
asked for their aids on their own initiative. Even
though they accept an aid when it is offered, they
may lack motivation and may perceive their aids
as unnecessary or not beneficial. Thus, it remained
to be proved whether early screening would result
in more benefit than fitting under a responsive
system, which typically happens at an older age.
This was the aim of study 2.

Ethical committee approval for the studies in
strand 3 was granted by the ethical committees of
the Bro Tâf and the Iechyd Morgannwg health
authorities. 

Study 1: long-term use rate and
predictors of use
Objectives
The objectives of this study were to determine the
long-term use of hearing aids among people fitted
after adult population screening at the age of
50–65 years and to identify predictors of use. 

Methods
The names and birth dates of the participants 
in the initial screening studies were retrieved 
from the initial databases. Based on this
information, the four general practices that had
taken part in the initial screening studies searched
their current register and provided up-to-date
addresses and telephone numbers of those

patients who were still registered with them. Some
patients had changed GP since the initial studies.
A few of them were traced from data kept at the
outpatient department at the University Hospital
of Wales, and also by searching the local telephone
directories. 

All those whose addresses were traced were sent,
via the post, an invitation letter signed by the GP,
a consent form with relevant information written
in lay terms and a prepaid reply envelope for
returning the consent form. 

Those who had not returned their forms after
2 months were contacted again by a second
mailing. If there was no response they were
contacted by telephone. All interviews and tests at
follow-up were performed by one of the authors of
this report (IG). The venue was the Welsh Hearing
Institute for the patients from Cardiff, the general
practices for those who lived outside Cardiff, in
the Afan Valley and in Llantrisant. 

The follow-up took place between March 1999 and
April 2000, 8–16 years after the initial screening
and fitting. The average time from the
intervention (screening and fitting) until the
follow-up was 12 years (mean and median:
12 years, range 8–16 years).

Participants 
Not one patient refused to take part in the follow-
up. The reason for this outstanding response rate
reflects not only the persistence of the researcher
(Dr Gianopoulos), but also the population under
investigation and the nature of the study. In the
initial preintervention survey, a response rate of
over 97 was achieved in Glyncorrwg and
Blaengwynfi. There are several factors underlying
this. This population had experienced a number
of earlier medical studies under the aegis of Dr
Julian Tudor Hart, one of the GPs involved.
Patients did not have to travel far, but just to visit
their GP, from whom they had received the
recruitment letter. Finally, the study was perceived
in the villages as being for the benefit of the
population after public meetings were held to
inform them about the research.

People who did not take part were dead or
uncontactable. The latter had either moved away
and changed GP, or they had died and the GP’s
register was not informed of this. In total, 116
people (74 men and 42 women) were traced for
follow-up out of the original 176 who had
accepted to be fitted with a hearing aid in the
initial studies. Of those who were untraceable for
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follow-up, at least 27 had died, and for the
remaining 33 no contact details were available. So,
66% of all those who accepted a hearing aid in the
initial studies were traced, or 78%, if those who
were known to be dead are disregarded. 

Tests 
Open interview questions
Participants were asked about the amount of use of
hearing aids since the initial fitting. They were
categorised as hearing aid users even if they only
used an aid for a limited length of time, as long 
as they used it at least once a week. This decision
was based on the notion that successful hearing
aid users may use their aids selectively for
situations when an aid is needed and helpful.66

For example, a person who only used the aid for
attending a weekly meeting lasting for 1 hour was
considered a hearing aid user. 

There were few participants who owned a
(reportedly) working aid and who used it in rare
situations separated by long intervals of non-use
lasting for several months; these were considered
non-users. These participants seemed to have
overreported even these small amounts of use,
possibly out of courtesy to the researchers who had
fitted them with the aid. They had, at the
beginning of the interview, reported more use.
However, after having been assured by the
interviewer that the objective of the study was to
determine their real amount of use, and that no
offence would be taken if they reported 
that an aid was useless to them, they 
reconsidered and reported lower and irregular
amounts of use. 

All of the following data used for this study were
available from the initial screening studies.

Demographic data
These data comprised age at the time of fitting,
gender and socio-economic group (in terms of
manual or non-manual occupation according to
the guidelines of the Registrar General).67

Audiological tests
● Average pure tone hearing levels were

measured at 0.5, 1, 2 and 4 kHz, by air
conduction, for the better hearing ear (BEHL)
and for the worse hearing ear (WEHL). 

● Speech tests: AB(S) lists of monosyllabic words68

were presented in the quiet, at the most
comfortable hearing level, separately in each
ear by earphones. This test was conducted only
in the Afan Valley studies (i.e. in Glyncorrwg
and Blaengwynfi). 

Questionnaires
Screening questionnaire devised by the MRC
(IHR)
This questionnaire asks about a variety of issues,
such as perceived auditory ability, hearing
difficulties in life situations, aspects of tinnitus,
history of exposure to noise, previous ear
problems, previous use of hearing-related services,
and general demographic data. It comprises a list
of individual questions with no total or subscale
scores. The questionnaire14 had been used
previously in the NSH2 and in several other
places, including a BMJ paper by the present
group.13

Social Hearing Handicap Index (SHHI)69

This is a questionnaire on difficulties in
understanding speech in life situations. Scores
range between 0 and 42, with higher scores
suggesting more difficulties. 

Emotional Response Scale (ERS)
This is a questionnaire on the emotional effects of
hearing loss. It consists of five questions taken
from the Hearing Measurement Scale.70 Scores
range from 0 to 10, with higher scores suggesting
more serious effects. 

Invitations
The number of invitations required in the initial
screening studies before the subject responded was
recorded. The Cardiff study did not provide data
for this variable as only one invitation was sent. In
the Afan Valley study, if the participants did not
respond, they received up to three mailings and
finally were contacted by telephone. In
Llantrisant, only two mailings were sent. This
variable is used as a gauge of attitudes towards
hearing rehabilitation before intervention. 

Availability of data
Data on the demographic features and the pure
tone audiograms were recorded in all three initial
studies (Cardiff, Afan Valley and Llantrisant
studies). The speech tests were only conducted in
the Afan Valley study. None of the questionnaires
was used in all three initial studies. The IHR
screening questionnaire was used in half of the
Cardiff sample and half of the Afan Valley sample
(i.e. in Glyncorrwg). The SHHI and the ERS were
used in the Afan Valley studies.

Questionnaire data on tinnitus
In the analyses that follow in this study, data on
tinnitus have been grouped together from across
all the initial studies into the following four
variables: presence of tinnitus, sidedness of
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tinnitus, annoyance from tinnitus and pattern of
tinnitus (continuous versus intermittent).

Data on these variables were collected as follows.
In Cardiff, the participants were administered the
IHR screening questionnaire, which contains a
section on tinnitus (questions C1–7). In the Afan
Valley the same questionnaire was used. They were
asked similar questions on tinnitus at interview,
during their first visit. Questions on tinnitus were
included in the screening questionnaire used in
Blaengwynfi. In Llantrisant, participants were
asked a single question as to the presence of
tinnitus in the screening recruitment
questionnaire, and more detailed questions during
their interview. 

Analysis: results
Overall, 50 patients (43%, 95% CI 34 to 52) were
using their aids at follow-up, and 66 were not.
When the 116 patients interviewed were compared
with the 33 who could not be traced, no significant
differences were found in gender, occupation
(manual versus non-manual), age, hearing levels at
fitting, or answers on the two questionnaires used
in the initial screening studies (the SHHI, a
measure of difficulties in understanding speech
and the ERS, a measure of emotional effects of
hearing loss extracted from the hearing
measurement scale). This suggests that the
patients who were missing at follow-up were not
different from those who were available for follow-
up; therefore, the follow-up attendance rate is
unlikely to have caused a bias in the results of this
study. 

The following analysis concentrates on finding
factors that could be used as predictors of long-

term hearing aid use among those who were fitted
at the initial screening and who were available for
follow-up. 

Tables 40 and 41 show a list of demographic and
audiological variables with data recorded in the
initial screening studies. These were used for
comparison of those who at follow-up were using
aids (50 cases) versus those who were not (66 cases).

All 116 cases had available data for the
comparisons in terms of the demographic
variables of Table 40. However, not all tests and
questionnaires were part of the protocol in all the
initial studies. Table 41 shows the number of cases
that provide data for each of the audiological
variables for comparisons between users and non-
users. 

There were some missing data from the initial
databases because the respective questions were
left unanswered by the participants or because the
data were not recorded in the initial databases.
Table 41 shows the number of cases with recorded
and missing data. There was no indication that
there was any bias in the collection and recording
of data in the initial databases, and as the tables
show, the proportion of missing data was low. The
main source of unavailability of data for
comparison is due to some variables not having
been sought as part of the protocol in one or some
of the initial screening studies. However, as
mentioned earlier, the important demographic
and pure tone audiometry variables were sought in
all studies. 

For the comparisons in Tables 40 and 41
parametric or non-parametric tests were used,
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TABLE 40 Demographic data from initial screening studies for comparisons between people using aids at follow-up versus people not
using aids at follow-up, among people who accepted to be fitted in the initial studies and who were available for follow-up

Variable for comparison Using aid (n = 50) Not using aid (n = 66) Statistical comparison

Male/female M: 37 (74%) M: 37 (56%) �2 = 3.96, df = 1, p = 0.05
F: 13 (26%) F: 29 (44%)

Manual/non-manual occupation M: 34 (68%) M: 47 (71%) �2 = 0.54, df = 1, p = 0.5
NM: 16 (32%) NM: 19 (29%)

Location (Cardiff/Afan/Llantrisant) C: 11 (22%) C: 8 (12%) �2 = 2.89, df = 2, p = 0.2
A: 24 (48%) A: 41 (62%)
L: 15 (30%) L: 17 (26%)

Age at fitting, median (25th and 58 (54, 62) years 56 (53, 60) years z = 1.29, p = 0.2
75th quartiles)

Comparisons were based on the Pearson �2 test statistic (�2), except for the last row, where the Mann–Whitney U-test (z)
was used. * p � 0.05.
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TABLE 41 Audiological data from initial screening studies for comparisons between people using aids at follow-up versus people not
using aids at follow-up among people who accepted to be fitted in the initial studies and who were available for follow-up

Variable for comparison Using aid Not using Statistical Availability of data from initial studies per 
aid comparison variable for comparison

No. of cases No. of cases No. of cases 
with recorded with missing with data 
data data not sought

BEHL 32 26 t = 4.13 df = 114 50 users 0 0
(26, 41) (19, 32) p < 0.001*** 66 non-users

WEHL 45 38 z = 2.32 50 users 0 0
(36, 53) (32, 48) p = 0.021* 66 non-users

AB(S) speech test better ear 100 100 z = 0.26 22 users 2 users 51 cases
(96, 100) (97, 100) p = 0.79 40 non-users 1 non-user

AB(S) speech test worse ear 93 93 z = 0.64 22 users 2 users 51 cases
(87, 98) (90, 99) p = 0.52 40 non-users 1 non-user

Tinnitus presence ‘Yes’: 30 ‘Yes’: 39 �2 = 0.08 45 users 0 10 cases
‘No’: 15 ‘No’: 22 df = 1 61 non-users

p = 0.84

Tinnitus pattern 10/20/15 14/25/22 �2 = 0.13 45 users 0 10 cases
(continuous/intermittent/ df = 2 61 non-users
no tinnitus) p = 0.93

z = 0.22
P = 0.83

Tinnitus sidedness 16/14/15 17/22/22 �2 = 0.73 45 users 0 10 cases
(bilateral/unilateral/ df = 2 61 non-users
no tinnitus) p = 0.69

z = 0.79
P = 0.42

Tinnitus severity 2/5/21/2/15 8/19/9/3/22 �2 = 16.04 45 users 0 10 cases
(severely/moderately/ df = 4 61 non-users
slightly/not annoying/ p = 0.003**
no tinnitus z = 3.20

P = 0.001

Tinnitus severity (severely 7/38 27/34 �2 = 9.80 45 users 0 10 cases
or moderately versus all df = 1 61 non-users
other categories) p = 0.002**

z = 3.75
P = <0.001

IHR questionnaire a a a 19 users 0 users 75 cases
ns at 95% level 20 non-users 2 non-users

SHHI 27.5 23 z = 0.86 24 users 0 51 cases
(16, 34) (18, 28) p = 0.39 41 non-users

ERS 5 3 z = 1.34 24 users 0 51 cases
(2, 7) (1, 5.5) p = 0.18 41 non-users

Invitations (one/two/three 28/9/2 45/12/1 �2 = 1.73 39 users 0 19 cases
mailings or telephone) df = 3 58 non-users

p = 0.63

Unless otherwise stated, values are medians with quartiles in parentheses. In the column showing statistical comparisons, where a
t-value is presented a t-test was performed. Where a z-value is presented, a Mann–Whitney U test was performed. Where �2 is
presented, a Pearson �2 test was performed. *** p � 0.001, ** p � 0.01, * p < 0.05.
a No cumulative score is produced by this questionnaire. �2 test was performed for each item, except for items D1 and D2, which

are meaningless in the context of these comparisons. Also, the questions on tinnitus (section C) were analysed with the tinnitus-
related variables in this table.



depending on whether the data fulfilled the
criteria of normal distribution and equal variances
between users and non-users. The variable
‘tinnitus annoyance’ was analysed initially by a
Pearson’s �2 test on a 5 × 2 table. There were five
categories of tinnitus annoyance coded as ‘severely
annoying’, ‘moderately annoying’, ‘slightly
annoying’, ‘not annoying’ or ‘no tinnitus at all’,
cross-tabulated with the status of ‘use’ or ‘non-use’
of a hearing aid at follow-up. The p-value of this
(as shown in Table 41) was 0.003, indicating that
one or some of these tinnitus categories had
different distribution between the users and the
non-users. A bar-chart was produced to help to
group together tinnitus severity categories that did
not differ between users and non-users. This
suggested that the variable tinnitus severity could
become simpler: a binary variable distinguishing
those who reported severely or moderately
annoying tinnitus, from those who reported
slightly or not annoying tinnitus or no tinnitus. A
�2 test based on a cross-tabulation of this binary
variable with the status of use or non-use of aids
was significant too. Both analyses are displayed in
Table 41.

Among the demographic variables only gender
showed marginal significant difference, with men
using their aids more than women. This is
investigated further later in the analysis. Among
the audiological variables, non-users had
significantly better hearing at fitting in both the
better and the worse hearing ear, and were more
likely to report moderately or severely annoying
tinnitus than those who used aids. 

The following stage of the analysis describes an
effort to obtain a measure, based on the
information that was available at the time of
screening, of how precisely it would be possible to
predict whether a subject would be likely to
discontinue using their aids in the long term. 

The first step in this effort was an attempt to
identify which variables, of those that showed
significant differences in Tables 40 and 41, were
the best predictors of use or non-use of aids at
follow-up. 

For this purpose, a regression analysis was used. A
backward stepwise logistic regression approach was
used, where the outcome variable was the status of
use or non-use of a hearing aid at follow-up.
Variables where significant differences were found
between users and non-users in Tables 40 and 41.
were entered as predictor variables. The cut-off
probability level for exclusion of a variable from

the model was set at 0.05. The analysis was
performed on the 116 patients who had accepted
a hearing aid in the initial screening studies and
were available for follow-up. In the first analysis
the variables entered in the list of predictor
variables were:

● gender 
● better ear average hearing level 
● worse ear average hearing level 
● tinnitus annoyance (the binary variable). 

In total, 106 cases were included in this analysis.
In the final step of the analysis only two variables
remained. They were:

● the BEHL (odds ratio based on 10-dB HL
increments in hearing level 2.35, 95% CI 
1.45 to 3.81) 

● the presence (or not) of at least moderately
severe tinnitus (odds ratio 4.57, 95% CI 
1.63 to 12.81). 

Therefore, this analysis created a model (i.e. an
equation based on the BEHL at the time of fitting
and the presence or not of at least moderate
severity tinnitus) aiming to predict whether a
patient would or would not be a user of a hearing
aid at the time of follow-up. This model was
correct on 72% of the cases in this sample. 

The analysis then focused on how accurately the
variable ‘better ear hearing level’ could predict the
long-term use of aids. In a more tangible
interpretation of the results of the logistic
regression analysis presented above, an odds 
ratio of 2.35 means that for every 10-dB HL
difference (in this case better hearing) the risk of
hearing aid rejection increases by 135% (or that
the risk becomes more than twice as high every 
10 dB HL). 

The calculation of odds ratios, presented above,
gives the impression that BEHL has a very strong
influence on whether a person would continue
using his or her hearing aid. However, the odds
ratio is a statistical term that is not easily
interpretable in terms of clinical importance. So
another measure was sought to establish whether
the BEHL can accurately discriminate between
people who would continue using their aids and
those who would not. 

Table 42 is more clinically relevant than the odds
ratios presented above. It shows how the
proportion of long-term users would have
increased if the criterion for fitting a hearing aid
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was based not only on the WEHL, but also on the
BEHL, and the cut-off level of the BEHL for
offering an aid was increased in 5-dB HL
increments.

It should be noted that the first level in Table 42
(which is set at 15 dB HL) excludes a number of
the participants who were fitted in the initial
studies: those who were unilaterally impaired. It is
obvious from Table 42 that even though the
proportion of long-term users increases with
increasing hearing loss, one cannot accurately
discriminate individuals who will reject their aids,
on the basis of their hearing impairment in their
better ear at fitting. However, it is possible to
discriminate groups of people who are more likely
than others (those with lesser impairment) to
reject their aids.

The �2 test of gender versus use in Table 40 shows
that women are marginally less likely than men to
become long-term users. The 74 men and 42
women who were available for follow-up were
compared in terms of their better and worse ear
hearing levels. These comparisons are shown in
Table 43.

The assumptions of normality and equal variances
were only met in terms of the BEHLs so a t-test

statistic was used for the comparison of the better
ear levels, and a Mann–Whitney U-test for the
comparison of the worse ear levels. Significant
differences were found in terms of the better ear
levels, but not in terms of the worse ear levels.
Men had worse hearing levels in their better ear
(but not in the worse ear) than women. In the
logistic regression analysis, gender was not among
the variables in the final model. This suggests that
the reason why more men use hearing aids is that
they have worse hearing levels. 

Discussion
Compliance with aids
The analysis in this study showed that the
proportion of hearing aid users at follow-up
among those people who were the target of
screening in the initial studies is only 43%, which
is lower than hoped for. The importance of this
finding is that it highlights that a national
screening programme would require additional
measures that would increase the proportion of
those who comply with the recommended
intervention, namely hearing aids, to justify its
cost-effectiveness.

Two courses of action may provide ways to
improve the effectiveness of screening. The first is
to combine screening and fitting with aids with
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TABLE 42 Effect of a fitting criterion based on severity of hearing loss in the better ear on long-term use of the aids

Criterion for fitting Users Non-users Proportion of users (95% CI)

�15 dBa 47 60 44% (35 to 53%)
�20 dBa 45 46 50% (39 to 60%)
�25 dBa 41 36 53% (42 to 64%)
�30 dBa 33 21 61% (48 to 73%)
�35 dB 22 13 63% (46 to 77%)
�40 dB 15 5 75% (53 to 89%)
�45 dB 6 1 86% (49 to 97%)
�50 dB 5 1 83% (44 to 97%)
�55 dB 2 0 100% (34 to 100%)

a A hearing aid is offered if the worse ear hearing level is equal to or worse than 30 dB HL.

TABLE 43 Hearing levels (averaged over 0.5, 1, 2 and 4 kHz) of the 74 men and 42 women who in the initial screening studies were
fitted with hearing aids, and were available for follow-up

Men Women Statistical comparison

BEHL Mean: 30 Mean: 26 z = 2.06, p = 0.04
Median: 30 Median: 26
Quartiles: 28, 38 Quartiles: 19, 33

WEHL Mean: 42 Mean: 46 z = 0.81, p = 0.42
Median: 39 Median: 40
Quartiles: 34, 49 Quartiles: 34, 56



postfitting support, counselling and other
compliance-improving policies. The studies by
Brooks71–73 have shown the effectiveness of
counselling on compliance with aids among
people who present to a hearing aid clinic. It
seems reasonable that this would also happen
among those fitted after screening, and certainly it
looks like an issue that could be investigated in
future research.

The second course of action may be for the
intervention programme to be more selective in
terms of people who are fitted with hearing aids.
Avoiding fitting people who are likely to
discontinue using their aids would reduce the
amount of wasted resources. This is a complicated
issue involving ethical and managerial
considerations. A decision to propose selective
fitting of hearing aid candidates cannot be based
solely on the evidence of this study. 

Hearing tests as predictors of long-term use
This study has shown that the hearing level in the
better hearing ear is a more reliable predictor of
long-term use than the worse hearing ear. The
precision of this variable as a predictor for long-
term use may not be good enough to allow
selective fitting of individuals who will continue
using their aids, but it is useful in terms of
predicting groups that are likely or unlikely to
continue using their aids. The study highlights
that, with increasing hearing loss in the better
hearing ear, the chance that people will reject
their aids in the long-term diminishes. In Table 42,
at the fitting criterion of at least 40 dB the lower
end of the 95% CI of the proportion of users is
above 50%. Thus, people who had bilateral
impairment and their hearing level in the better
ear was of at least moderate severity were more
likely than not to continue using their aids, even
without postfitting support and counselling. 

This is quite an encouraging finding considering
that these people had not asked for the hearing
aid on their own initiative. It is also useful for cost-
effectiveness considerations because it may allow
postfitting support services to concentrate on
those with milder or unilateral hearing losses, who
are at higher risk of discontinuing using their aids. 

Even though speech tests have an advantage over
pure tone tests in assessing higher functions of the
auditory pathways and real-life ability to
understand speech, the specific tests used in the
Afan Valley sample did not have any value as
predictors of long-term use. This, however, may be
due to the fact that the paradigm used was too

easy for the participants (i.e. presented in the
quiet and at the most comfortable level). This
resulted in a ceiling effect, and the test could not
discriminate those people who had difficulties in
understanding speech in real-life circumstances,
where there is often noise in the background or
speech is presented at a quiet level. 

Self-reported severity of tinnitus as predictor of
long-term use
This study showed that among those who failed
screening and accepted to be fitted with aids,
individuals who, at the time of fitting, had
reported moderately or severely annoying tinnitus
were more likely to discontinue using their
hearing aids in the long-term. This is in
accordance with the findings of Schumacher and
Carruth,74 who reported that 19% of their sample
stopped using their hearing aids because “they
had tinnitus”. Also, Stephens and Meredith75

found that 8% of their sample of people who were
fitted with hearing aids reported that tinnitus
made their hearing worse. The authors highlight
that this is rather unexpected, as hearing aids are
generally regarded as an effective means of
suppressing tinnitus. 

It is interesting to note here that in the initial
screening studies, presence of tinnitus was found
to be a predictor of hearing aid acceptance in the
screened population. Humphrey and colleagues76

also found that presence of tinnitus was associated
with increased likelihood to seek help and accept
hearing aids. 

So, whether a hearing aid is used or not seems to
depend largely on the balance between hearing
loss (need) and tinnitus (limiting acceptability). It
was worth investigating the interrelationship of
these two variables. The crude odds ratio (i.e.
odds of hearing aid use) for those with
moderate/severe tinnitus versus those with
slight/not annoying/no tinnitus was 4.31 (based on
data in Table 41, product of 27/34 divided by the
product of 7/38 gives 4.31). This is only slightly
altered to 4.57 on adjustment for BEHL on the
logistic regression analysis. This suggests that the
two variables are not strongly related. Next, the
BEHL among those with severe/moderate tinnitus
was compared with those with slight/not
annoying/no tinnitus and the two groups were not
found to have any statistical difference
(Mann–Whitney U-test, z = 1.04, p = 0.3). The
same applied when the same comparisons were
made within the subgroups of those who used
hearing aids (z = 0.14, p = 0.89) and those who
did not use hearing aids at follow-up (z = 0.06,
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p = 0.95). This suggests that the variability in the
sample in terms of tinnitus annoyance was not
related to the variability in terms of BEHL.

To summarise, it seems that presence of tinnitus
makes people more likely to seek and accept
hearing aids (perhaps by increasing their
awareness of hearing problems), but among those
who are fitted, annoyance of tinnitus has a
negative effect on hearing aid use. It is not known
whether this is due to the hearing aid causing the
tinnitus to become worse, or whether there is a
feature of those who report annoying tinnitus that
makes them less likely to tolerate their hearing aids. 

Questionnaires as predictors of long-term use
This study also highlights that the contemporary
questionnaires cannot be used in the context of
screening for the purpose of identifying people
who are at risk of rejecting their aids, among those
who accept hearing aids after screening; at least
not the questionnaires used in this study. This calls
for further research into the subject, by exploring
questions that tap into attitudes and perceptions
in the general population [i.e. contextual factors,
in terms of the International Classification of
Function, Disability and Health (ICF)], not solely
into activity, participation and emotional effects,
which could be used at a secondary stage with
screening audiometry.

Attention should be drawn to the fact that the
participants fitted with aids in the initial screening
studies were recruited on the basis of their answers
to questionnaires, as well as pure tone audiometry.
People who did not perceive themselves as hearing
impaired were excluded from being fitted. Thus,
the discussion about the predictive ability of
questionnaires in relation to long-term use of aids
applies to samples that were drawn in this
particular fashion. It would not apply to attitudes
in the general population and to samples
recruited from the general population solely on
the basis of audiometric criteria, for example. 

Is screening effective in terms of increasing
hearing aid use in the hearing-impaired
population? 
The question arises as to whether those who
continued using their hearing aids in the long
term are those people who would seek help on
their own initiative at some point in their life,
even if they were left to themselves (i.e. not
contacted via screening). The validity of this
question was reinforced by the evidence produced
in this study that those who continued using their

hearing aids after screening were mostly those who
had worse hearing at the time of screening. 

This study has shown that the long-term use of
hearing aids was low, but significant. Thus, unless
research or good practice shows that compliance-
improving strategies could be combined with the
screening programme and they would increase the
proportion of those who continue using their aids,
it seems that screening would not be effective in
terms of increasing the prevalence of hearing aid
users in those with mild hearing loss. In fact, only
an RCT could prove whether screening (combined
with compliance-improving strategies) would
actually result in increasing hearing aid use. 

The contribution of this study to the knowledge
about screening effectiveness is that it highlighted
the need for compliance-improving strategies and
an RCT. The existing evidence in the literature
seemed to be rather too optimistic about
increasing prevalence dramatically, for example,
50 or 100% more use. 

Study 2: benefit from aids fitted
after early screening
Objective
The objective of this study was to determine how
beneficial hearing aid users fitted after early adult
screening perceive their aids to be, compared with
people who are fitted at a hearing aid clinic.

Background
People who are fitted under a responsive system of
service have demonstrated that they want help
with their hearing, or at least their relatives want
them to obtain help. So there is some motivation,
on their part or on their relative’s part, to seek
help and try a hearing aid prior to fitting.
However, people who are fitted under a proactive
system of service have not demonstrated the
initiative to seek help. Those fitted after screening
may be more likely to underappreciate their
hearing aids, and their perceived benefit from
their aids may be less than among people who are
fitted at a clinic. 

However, the notion that attitudes before fitting
are likely to result in less benefit among those
fitted after screening is an intuitive assumption. It
is possible that all those who do not find their aids
adequately beneficial as a result of their
preconceptions and attitudes (such as lack of
motivation or stigma) eventually reject their aids.
Thus, it might be that those who continue using
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their aids find them equally beneficial,
independently of whether they were fitted at a
clinic or at screening. Long-term non-compliance
with fitted aids may be a factor that filters out
people with such attitudes and perceived hearing
needs that make them less likely to perceive their
aids as beneficial. Whether this is what happens in
reality is something that can only be proven by
research that specifically addresses participants
fitted after adult hearing screening. 

There is another factor closely related to screening
which influences the amount of benefit derived
from an aid: the age of the person when fitted. In
the initial screening studies in Wales the target of
screening was the age group 50–65 years. Thus,
those fitted with aids received rehabilitation early.
This early intervention was intentional and the
following is a summary of the rationale of early
fitting. 

Under the current responsive system of services,
those who seek help from a hearing aid clinic do
so with a significant delay. People who attend a
hearing aid clinic admit to having had hearing
difficulties for approximately 8–15 years. The
average patient presenting at a hearing aid clinic
for the first time is aged about 70 years and has a
hearing threshold in excess of 45 dB. (The
average for England is 42 dB.) There is evidence
that this delay in hearing aid fitting could result in
reduction of the benefit that can be derived from
amplification, in that age has been shown to affect
the ability of the person to handle their hearing
aid, and age affects generally the individual’s
behavioural adaptation, and this could affect their
ability to adjust to the new auditory and social
experience associated with hearing aids.

Finally, there is the phenomenon of ‘auditory
acclimatisation’, which is a kind of physical
conditioning of the auditory system to aided
listening that results in better hearing function
and appears after consistent use of an aid for a
few months. In view of these factors, it is not
unreasonable to expect that early fitting after
screening may result in more benefit from hearing
aid fitting than fitting at a hearing aid clinic,
because the latter typically happens at a more
advanced age. 

One of the criteria for screening set by the NSC is
that there should be evidence that early treatment
is more beneficial than late. This is most relevant
to life-threatening diseases where the benefit of
screening is measured by increase in survival due
to early treatment. In such health conditions, if

early diagnosis does not result in longer life, then
screening causes only harm, as it takes away from
the patient’s years of apparent health. 

Evidence that early fitting results in more benefit
than late fitting is not an absolute prerequisite for
adult hearing screening. Even if such an
advantage of early screening does not exist,
screening (early or late) would be worthwhile, as
long as it increases the prevalence of hearing aid
use. Early fitting would also be worthwhile on the
basis of quality-adjusted life-years (QALYs), as it
would give those fitted with aids more years with
better hearing. The important point is that,
although a potential advantage of early fitting at
screening over late fitting at a clinic is not an
absolute criterion for adult hearing screening, it
would add to the argument for it. If there is such
an advantage in early screening, the current
responsive system of services does not help aid
users to obtain the maximum potential benefit
from their aids. 

Methods
The method used for this study aimed to obtain
measures of hearing aid benefit among people
who were fitted after screening, and compare them
with hearing aid benefit measured among two
control groups. These two control groups differed
from those fitted after screening in that they were
fitted at a hearing aid clinic at an older age (as is
typically the case in hearing aid clinics). However,
the control participants were matched with those
fitted after screening in terms of gender, socio-
economic group, current age and hearing levels.
Details of the method of subject recruitment and
matching are described are the following sections. 

Participants
Screening group
This consisted of the 50 people who were fitted
after proactive screening in the initial screening
studies in Wales, and who were using a hearing 
aid at the follow-up that was conducted in
1999–2000. Earlier, in study 1, details were
presented as to how these people were recruited
for the follow-up. At follow-up they underwent
pure tone audiometry and they were administered
the questionnaires described in the appropriate
sections below. 

Control group 1
This was a sample of 50 hearing aid users drawn
from a pool of participants from the database of
the MRC IHR Scottish Section in Glasgow. A few
years before this study, these people had been
referred to a Glasgow NHS hearing aid clinic,
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through the standard NHS channels. After their
referral they accepted to take part in various
research studies on hearing aids, none of which
was related to this study. In these studies, carried
out at the MRC IHR, many of these participants
were fitted with digital hearing aids. Some other
participants, however, were using standard NHS
hearing aids. From the participants in these
studies a control group was formed that was 
called for follow-up, for the purpose of this study.
The follow-up was conducted by one researcher
(IG), in a similar fashion to the follow-up of the
participants of the screening group. 

The aim was that each subject of control group 1
would be matched to a specific individual from the
screening group as follows. They should be:

● of the same gender 
● of the same SEG (manual or non-manual

occupation) 
● of as similar levels as possible in terms of their

hearing thresholds in the better and in the
worse hearing ears at the time of follow-up 

● of as similar age as possible at the time of
follow-up 

● different in terms of their age at the time of
fitting. It was desirable to identify control
participants who were fitted at approximately
10 years more advanced age than the age of
fitting of their counterparts from the screening
group.

A final criterion for recruiting this control group
was that:

● participants were fitted at least 1 year before the
follow-up.

The purpose of this was to obtain controls who
would be experienced hearing aid users. In the
‘Analysis: results’ section (p. 108), the closeness of
the matching that was achieved between
participants of control group 1 and the screening
group is discussed. 

Control group 2
This sample also was drawn from another database
of MRC IHR, and consisted of people who in
1996 had been referred by their GP to standard
NHS clinics (one in Glasgow and one in
Manchester) and who were fitted there with
standard NHS hearing aids (BE series). Twelve
weeks after their discharge from the clinic, they
attended a follow-up session where data were
collected about the outcome of their fitting. (The
researchers who had conducted the follow-ups

were different from the professionals who fitted the
participants at the NHS clinics.) This follow-up was
conducted in the context of a study unrelated to
the screening studies described earlier, by
researchers who were unaware that the data they
collected would be used later for the comparison
with participants who were fitted after screening. It
was thought useful to draw a suitable control
sample from these patients, since some of the tests
and questionnaires used for measuring hearing aid
outcome among them were the same as those used
among the participants in the screening group.

The database that was created in 1996 was
searched again to identify 50 suitable pairs to the
participants of the screening group. Each subject
from this control group, compared to their
individual pair from the screening group was
aimed to be

● of the same gender 
● of as similar hearing level as possible in the ear

with which they were fitted with a hearing aid 
● of as similar an age as possible at the time of

follow-up. 

Also, an effort was made to obtain as close a match
as possible in terms of

● their socio-economic group (manual or non-
manual occupation) 

● their hearing levels in the better and in the
worse ear. 

These last two criteria were given second priority,
because the participants who had taken part in the
study conducted in 1996 were too few to provide
close matches in terms of all five criteria. 

Thus, the criteria used for matching of control
group 2 were somewhat different from the criteria
used for matching of control group 1. In addition,
the participants of control group 2 were reviewed
only 12 weeks after their discharge from the
hearing aid clinic, thus they had only been using
aids for a few months (as opposed to those of
control group 1, who had been using aids for at
least a year).

Tests
Audiological tests
Pure tone hearing levels were measured, by air
conduction, averaged over 0.5, 1, 2 and 4 kHz. 

Questionnaires
Instruction was given to the respondents to 
answer hearing-related questions so that their
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answers would reflect their situation in the 
aided condition. If they were not using the aid 
in the particular circumstance to which the
question was referring, they were asked to 
answer the question with the unaided condition in
mind. 

SHHI69

This is a questionnaire on difficulties in
understanding speech in life situations. Scores
range between 0 and 42, with higher scores
suggesting more difficulties. 

ERS
This is a questionnaire on the emotional effects of
hearing loss. It consists of five questions taken
from the Hearing Measurement Scale.70 Scores
range from 0 to 10, with higher scores indicating
more serious effects. 

Glasgow Health Status Inventory (GHSI)77,78

This is an 18-item questionnaire, that is designed
to be all-purpose, that is, it can be adapted to
focus on different health problems. For the
purposes of this study, the questionnaire was
adapted to address hearing difficulties, by
replacing the words ‘health problem’ with the
words ‘hearing problem’. This questionnaire
produces three subscales:

● The general subscale (12 items) asks questions
about experiences that result from the
respondent’s hearing impairment. These
questions mostly tap into the area of
participation restrictions (some ask generally
about effects of hearing loss on one’s life and
some others are more specific) and emotional
effects of hearing loss.

● The social support subscale (three items) does
not refer to hearing specifically; rather, it asks
general questions about the amount of support
the respondent has from family and friends.

● The physical health subscale (three items)
enquires about general health, not specifically
for hearing-related problems.

There is also a total score where each subscale
contributes in proportion to the number of
questions it contains. Scores in all subscales and
the total score range from 0 to 100, with higher
scores reflecting better and lower scores worse
situations.

GHABP23

This is a measure of outcome of hearing aid
fitting. This multifaceted instrument has a number
of qualities, described below.

The instrument measures various dimensions that
relate to hearing aid outcome. So, instead of
providing a single total score, six subscale scores
are produced: 

● The initial disability subscale taps into hearing
activity; that is, ability to hear in specific
listening circumstances, without a hearing aid. 

● The initial handicap subscale enquires about
emotional effects that result from the respective
activity limitations of the initial disability
subscale.

● The use subscale is a self-assessed measure of
the amount of use of a hearing aid in specific
listening circumstances, in terms of the
proportion of the time that a particular
circumstance happens in the person’s life,
during which he or she uses a hearing aid. 

The GHABP adopts the philosophy of measuring
use in terms of duration of use within specific
listening contexts, rather than the approach based
on number of hours of use during a day or week.
This is based on the notion that some successful
hearing aid users choose to use their aid
selectively in situations where the aid is most
needed or most beneficial.

● The benefit subscale measures the self-
perceived benefit derived from the hearing aid
in specific listening circumstances. Thus, this
subscale adopts the direct differential approach
to measuring benefit, which has been shown to
be more sensitive than the subtractive
approach.78

● The residual disability subscale enquires about
activity limitation that the person experiences,
despite wearing their hearing aid(s) in specific
listening circumstances. It is thus a measure of
performance.

● The satisfaction subscale is a measure of the
person’s overall satisfaction with the
performance of the hearing aid in the
respective listening circumstances. 

Arguably, obtaining information on all the above
dimensions can draw attention to aspects of the
respondent’s rehabilitation that need special
attention.78 For example, low satisfaction in
association with good performance and use may
indicate unrealistic expectations and the need for
counselling. 

All subscales (dimensions) are scored on a scale
from 0 to 100. Zero represents lowest reported
levels of each subscale and 100 the highest. Thus,
100 represents the worst situation in terms of
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initial disability, initial handicap and residual
disability, and the best situation in terms of the
remaining subscales, namely more use, more
benefit and more satisfaction. 

EuroQol ‘thermometer’79

Using a visual analogue scale, the respondent is
asked to rate on a scale of 0 to 100 how they
perceive their general health status at the time of
completion (see Appendix 5, section D). On this
scale, 100 corresponds to the best and 0 to the
worst health status the respondent can imagine.
This scale is different from the EuroQol score,
which is a single score also ranging from 0 to 100
that is derived with an appropriate formula from
the answers to five questions concerning various
aspects of general health. 

Analysis: results
Tables 44 and 45 show how closely matched the
participants chosen to form the two control groups
were to the participants of the screening group.

The variables listed in Tables 44 and 45 provided
the basis for matching either one or both of the
control groups to the screening group. These
variables delineate important features of the
participants in the three groups; all these features
comprise factors that could influence the amount
of benefit derived from hearing aids, if they were

not properly controlled for by the matching
procedure. It is thus very important to determine
how closely the control groups were matched to
the screening group, in terms of these variables.
Each table presents data related to the closeness of
matching, from a slightly different perspective.
Table 44 shows measures of the distributions of
variable values in each group, and thus depicts how
the groups compare with one another in terms of
cumulative data within each group. Table 45 shows
the differences of each individual control subject,
from their respective pair from the screening
group. In other words, Table 44 depicts group
data, whereas Table 45 refers to individual pairs.

Statistical comparisons were performed between
each of the control groups and the screening
group in terms of the variables listed in Tables 44
and 45. Normality tests and tests of equality of
distributions showed that non-parametric tests
were more suitable for the comparisons. Table 46
shows the values of the statistical comparisons that
were conducted. These are discussed further in the
following two paragraphs.

The participants of control group 1 were found to
be significantly different from the screening group
in terms of the age at the time of follow-up, if a
paired test (Wilcoxon sign rank test) was used,
whereas if an independent samples test (Mann–
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TABLE 44 Closeness of matching achieved between the screening and the control participants, as depicted by group data

Matching-related variables Screening group Control group 1 Control group 2

Age at follow-up 70 years 72.5 years 69 years
(61, 66, 74, 82) (62, 68, 77, 83) (62, 66, 75, 83)

Age at fitting 58 years 69 years 69 years
(50, 54, 62, 66) (59, 64, 72, 79) (62, 66, 75, 83)

Duration of aid ownership 12 years 4 years All seen approx. at 
(9, 10, 13, 16) (1, 3, 6, 8) 3-months postfitting

BEHLa 43.5 dB 45 dB 45.5 dB
(20, 36, 54, 72) (24, 37, 53, 75) (20, 36, 57, 89)

WEHLa 55 dB 55 dB 51 dB
(32, 42, 68, 130) (31, 45, 70, 130) (29, 42, 64, 93)

Fitted ear hearing levela 51.5 dB 51.5 dB 51 dB
(32, 40, 63, 88) (30, 43, 66, 84) (29, 42, 64, 89)

Gender Male: 37 Male: 37 Male: 37
Female: 13 Female: 13 Female: 13

SEG Non-manual: 16 Non-manual: 16 Non-manual: 18
Manual: 34 Manual: 34 Manual: 32

Unless otherwise stated, medians are shown, and in parentheses, minimum value, 25th percentile, 75th percentile and
maximum value, in that order.
a Averaged over 0.5, 1, 2 and 4 kHz, as this was at follow-up.



Whitney U-test) was used there was no significant
difference at the 95% level. However, as Table 44
shows, the participants of control group 1 were
only slightly older than the screening group
(median difference 3 years). It is probably not
worth arguing whether the Wilcoxon or the
Mann–Whitney test is more suitable for this
comparison as this small age difference is clinically
not important. It seems unlikely that such a small
difference in age would influence self-reported
hearing aid outcome.

Differences in terms of age at fitting were also
significant, but this was intentional. There was a
difference in terms of duration of hearing aid
ownership, but this too was a direct effect of the
recruitment method; the screening group was
fitted at a younger age and followed up at
approximately the same age as the control group
1. There were no differences found in terms of
hearing levels in the better, worse and the fitted
ear. Finally, the �2 test did not show significant
differences in terms of gender and (manual or
non-manual) SEG. To summarise, it seems that a
good match was achieved between the screening
group and control group 1, in that they were

similar in terms of gender, SEG and hearing
levels, and they differed in terms of age at follow-
up, only minimally. The screening group was fitted
at a younger age, by approximately 10 years.

The participants in control group 2 were not
significantly different from the screening group in
terms of gender, SEG, age at follow-up or hearing
levels in the better, worse and fitted ear. As it was
the intention of the recruitment procedure, they
were fitted at a significantly younger age. They
had also been using their aids for a significantly
shorter length of time, as a result of the fact that
they were followed up at 12 weeks after their
discharge. To summarise, a good match was
achieved between control group 2 and the
screening group, in that they were similar in terms
of gender, SEG, hearing levels and age at follow-
up. The screening group was fitted when they were
approximately 12 years younger than the age
when the participants from control group 2 were
fitted.

The next analysis compares the screening group
against the control groups in terms of a list of
variables. A variety of such variables was chosen so
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TABLE 45 Closeness of matching achieved between the screening and the control participants, in terms of differences within
individually matched pairs

Matching variable Difference between screening and Difference between screening and 
control group 1 participants control group 2 participants

Age at follow-up –3 0
(–5, –3, –1, 5) (–3, –1, 1, 3)

Age at fitting –10 –12
(–18, –12, –9, –8) (–19, –14, –11, –7)

Duration of time using aids 8 12
(5, 6, 9, 14) (9, 10, 13, 16)

BEHL at follow-upa –2.5 2
(–7, –4, 2, 6) (–63, –9, 7, 17)

WEHL at follow-upa –1 1
(–7, –4, 1, 6) (–13, –3, 4, 80)

Fitted ear hearing level at follow-upa –0.5 0.5
(–6, –3, 3, 6) (–4, –2, 2, 4)

Gender All pairs matched All pairs matched

SEG 32 pairs: manual 28 pairs: manual
14 pairs: non-manual 12 pairs: non-manual
2 pairs: manual screening subject and 6 pairs: manual screening subject and

non-manual control subject non-manual control subject
2 pairs: non-manual screening subject 4 pairs: non-manual screening subject 

and manual control subject and manual control subject

Unless otherwise stated, the values result from the subtraction: variable value for screening subject minus variable value for
control subject. Medians of the differences are shown, and in parentheses, the minimum, 25th percentile, 75th percentile
and maximum values of the differences, in that order.
a Averaged over 0.5, 1, 2 and 4 kHz, as this was at follow-up.



that they would explore a potential advantage of
the screening group in terms of various aspects of
hearing aid outcome. Thus, the questionnaires
that were used explore issues such as:

● self-reported acoustical benefit of hearing aids 
● amount of use of aids 
● satisfaction 
● hearing-related activity limitations and

participation restrictions 
● emotional effects of hearing loss when wearing

an aid 
● general health-related quality of life.

Table 47 shows the medians and other quartile
values of the variables that were used in this study
for comparison of hearing outcome between the
screening group and each one of the control
groups.

Where the variables under comparison were
categorical (nominal or ordinal), a �2 test was
performed. Where the variable of comparison was
continuous, tests of normality and equality of
variances were conducted. Depending on whether
the assumptions of normal distribution and equal
variances between groups were met or not, non-
parametric or parametric tests were used for the
corresponding comparison. Independent samples
tests were used for these comparisons. 

Tables 47 and 48 show that the screening group
fared better than the control groups in terms of
the following variables:

● The SHHI: this indicates that their perception
of their ability to understand speech in life
situations was better than that of control 
group 1. The questionnaire was not
administered to control group 2. 

● The general subscale of the GHSI: they
reported fewer adverse effects of hearing loss
on their lives than did both control groups. 
The screening group also reported more
support from their family and friends on the
social support subscale, compared with 
control group 2. However, this was not
corroborated by a similar difference from
control group 1. The differences in the
subscales were also reflected in the total score 
of the GHSI. 

● In the GHABP the screening group reported
more use, more self-perceived acoustical 
benefit and more satisfaction with their aids,
than did both control groups. Also, in
comparison with control group 2 (but not with
control group 1) they fared better on the initial
handicap subscale (i.e. they were less bothered,
worried or upset by inability to hear in the
unaided condition) and on the residual
disability subscale (i.e. they had less difficulty
hearing in situations where they wore a 
hearing aid).

Variables where there were no differences between
the screening and control groups were the ERS,
which measures emotional effects of hearing loss,
and the EuroQol thermometer scale, which
measures general health quality of life. 
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TABLE 46 Statistical comparisons between screening and control groups in terms of the variables used for matching

Matching-related Comparisons between screening and Comparisons between screening and 
variables control group 1 control group 2

Paired test Independent Paired test Independent 
samples test samples test

Age at follow-up z = 4.52, p < 0.01 z = 1.80, p = 0.07 z = 0.50, p = 0.62 z = 0.28, p = 0.78
Age at fitting z = 6.18, p < 0.01 z = 7.40, p < 0.01 z = 6.19, p < 0.01 z = 8.13, p < 0.01
Duration of aid ownership z = 6.19, p < 0.01 z = 8.67, p < 0.01 z = 6.19, p < 0.01 z = 9.25, p < 0.01
BEHLa z = 1.79, p = 0.07 z = 0.42, p = 0.68 z = 0.06, p = 0.95 z = 0.57, p = 0.57
WEHLa z = 1.46, p = 0.15 z = 0.24, p = 0.82 z = 0.78, p = 0.43 z = 0.75, p = 0.45
Fitted ear hearing levela z = 0.60, p = 0.55 z = 0.28, p = 0.78 z = 0.66, p = 0.51 z = 0.00, p = 1.00

Pearson’s chi-squared test Pearson’s chi-squared test
Gender �2 = 0.00, df = 1, p = 1.00 �2 = 0.00, df = 1, p = 1.00
SEG �2 = 0.00, df = 1, p = 1.00 �2 = 0.18, df = 1, p = 0.83

Paired test: Wilcoxon sign rank test. Independent samples test: Mann–Whitney U-test. Where a �2 value is presented, a
Pearson’s �2 test was conducted.
a Averaged over 0.5, 1, 2 and 4 kHz, as this was at follow-up.
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TABLE 47 Outcome variables for comparison of screening and control groups

Variable for comparison Screening group Control group 1 Control group 2

Value No. of Value No. of Value No. of 
valid cases valid cases valid cases

SHHI 22 49 26.5 50 0
(19, 28) (21, 31)

ERS 3 49 4 50 0
(1, 6) (1, 8)

GHSI total 54 50 48 50 42 50
(45, 63.5) (35, 59) (32, 51)

GHSI general 57 50 46.5 50 42 50
(41, 68) (24.5, 59) (30.5, 52.5)

GHSI social support 67 50 67 50 44 50
(58, 83) (58, 83) (31, 51.5)

GHSI physical health 33 50 33 50 38 50
(25, 50) (25, 42) (25, 50)

GHABP initial disability 67 49 57 50 67.5 50
(50, 81) (50, 75) (51, 85)

GHABP initial handicap 50 49 47 50 58.5 50
(28, 69) (23.5, 69) (43, 73.5)

GHABP use 67 49 38 50 48.5 50
(35.5, 100) (19, 64) (34, 61.5)

GHABP benefit 56 49 38 50 42.5 50
(38, 75) (25, 51.5) (24, 47)

GHABP residual disability 25 49 28 50 34.5 50
(13, 38) (13, 39.5) (21, 45)

GHABP satisfaction 63 49 40 50 39 50
(44, 75) (25, 50) (28, 50)

EuroQol thermometer 67.5 50 70 50 60 50
(50, 80) (50, 80) (50, 70)

Unless otherwise stated, medians are shown, and in parentheses the 25th and 75th percentiles, in that order. The numbers
of available cases with valid data for each variable are also shown.

TABLE 48 Statistical comparisons between screening and the control groups, in terms of the variables of outcome of hearing aids

Variable for comparison Screening group vs control group 1 Screening group vs control group 2

SHHI t = 2.52, df = 97, p = 0.01**
ERS z = 1.01, p = 0.31
GHSI total t = 2.99, df = 98, p < 0.01** z = 4.35, p < 0.01**
GHSI general z = 2.7, p = 0.01** z = 3.61, p < 0.00***
GHSI social support z = 0.19, p = 0.85 z = 6.39, p < 0.01**
GHSI physical health z = 0.15, p = 0.88 z = 0.53, p = 0.60
GHABP initial disability z = 1.30, p = 0.19 z = 0.87, p = 0.39
GHABP initial handicap z = 0.59, p = 0.56 t = 2.21, df = 86, p = 0.029*
GHABP use z = 2.57, p = 0.01** z = 2.78, p = 0.01**
GHABP benefit z = 3.80, p < 0.01** z = 4.15, p < 0.01**
GHABP residual disability t = 0.842, df = 97, p = 0.40 t = 2.34, df = 97, p = 0.02*
GHABP satisfaction z = 4.69, p < 0.01** z = 4.88, p < 0.01**
EuroQol thermometer z = 0.10, p = 0.92 z = 1.49, p = 0.14

Where a t-value is presented, a t-test was conducted. Where a z-value is presented, a Mann–Whitney U-test was
conducted. Where a x2 value is presented, a �2 test was conducted. ***p � 0.001, ** p � 0.01, * p < 0.05.



Discussion
Findings
In this study, people who were fitted at an early
age, under a proactive system, showed an
advantage in self-report measures of hearing aid
outcome over people who were fitted under a
responsive system of services, at an older age. This
advantage was present after controlling for age,
hearing level, gender and socio-economic group.
The advantage related to:

● better ability to understand speech 
● fewer adverse effects of hearing loss in the

person’s life 
● more use of hearing aids 
● more self-perceived acoustical benefit 
● more satisfaction. 

These findings were confirmed by comparisons 
of the study group with both control groups. 
The study also showed some evidence that 
early proactive fitting was linked to more support
from family and friends. This evidence, however,
only derives from comparisons involving one
control group. As the investigation of the other
control group did not corroborate the link
between proactive fitting and social support, 
this evidence seems less robust than the other
findings. 

Age, gender, socio-economic group and hearing
levels are factors that could influence self-reported
hearing ability and self-reported hearing aid
outcome. By recruiting appropriate controls, this
study has shown that there is an advantage in
early proactive fitting even after controlling for
these variables. 

Another feature of this study was that it showed
that the early screening group had an advantage
over two, not just one, control groups; this reduces
the chance that this advantage is due to some
unpredictable bias. The two control groups were
dissimilar in various ways and it is reasonable to
expect that none of these differences has
introduced a bias; otherwise the comparisons of
the screening group with the two control groups
would have given conflicting results.

It is useful here to summarise the features of the
groups investigated in this study: 

● Participants in control group 1 were followed up
a few years after they were fitted, whereas those
in control group 2 were followed up 12 weeks
after their discharge from the NHS clinic. Thus,
the two control groups represent two separate

points along the time-course of hearing aid
outcome. 

● Participants in control group 1 were followed up
by the same investigator as those in the
screening group, whereas those in control group
2 were followed up by different researchers, who
were unaware that their data would be used in
the context of adult hearing screening. 

● Control group 2 was more representative of the
standard NHS hearing aid services, as it
comprised people referred through the
standard NHS channels, fitted with standard
NHS hearing aids, at a standard NHS hearing
aid clinic. Control group 1 consisted of people
referred to an NHS hearing aid clinic through
the standard NHS channels, but whose course
of management was more diverse. Many of
them were routed to the MRC IHR and were
fitted with digital hearing aids. All, even those
who were using NHS hearing aids at follow-up,
had been involved in the research activities of
the MRC IHR. It is possible that those who take
part in research become more attentive to the
details in their management and perhaps more
astute and critical as to the performance of
hearing aids. The screening group bears
similarities with both control groups. They were,
like control group 1, fitted in a research
environment but, like control group 2, fitted by
NHS clinicians and audiologists, in an NHS
clinic or in their own GP’s practice. 

● Many of those in control group 1 were fitted
with digital hearing aids that were newer and of
better quality than those used in the screening
group and control group 2. 

It is unlikely that the results of this study were
influenced by biases due to differences in quality
of fitting, as participants in control group 1 were
fitted with better quality hearing aids, but their
hearing aid outcome was lacking in comparison to
that of the screening group. Nor is it likely that
confounding was introduced by the setting of the
fitting: the screening group was fitted in a semi-
research environment, control group 1 in a purely
research environment and control group 2 in a
purely NHS environment.

As hearing loss progresses with time, hearing aid
fittings that are appropriate at the time of fitting
are likely to become suboptimal a few years later.
The fact that those in the screening group were
fitted several years before those in the two control
groups makes it more likely that their fittings
would be suboptimal. The results are probably not
researcher dependent, as different researchers saw
the participants of control groups 1 and 2.
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Including participants fitted in Manchester among
those in control group 2 has hopefully controlled
for geographical differences in terms of mind-set
and attitudes that could have influenced self-
report measures of outcome. It also seems
reasonable to expect that controlling for gender,
age and socio-economic group has, at least
partially, evened out such geographical differences
in attitudes.

It is important to discuss the findings of this study
in relation to the changes that occur in hearing
aid outcome over time. This study has shown
advantages of early proactive fitting over two
separate points along the timeline of the hearing
aid outcome experienced by people fitted in a
responsive system of services. Control group 1
consisted of people who were followed up between
1 and 8 years postfitting (average 4 years) and
control group 2 of people followed up 3 months
after their discharge from the hearing aid clinic
(thus, they only had their hearing aid for a few
months since fitting). One could argue that the
screening group reported more benefit than
control group 2 just because the latter were
inexperienced users and they did not have enough
time to adjust to using their aids. Even if this were
true, it does not relate to control group 1, who
had enough time to adjust. 

Another issue that relates to time-related changes
of hearing aid outcome is the fact that a number
of people reject the aids they are fitted with. This
poses a question as to whether this attrition in use
of aids could have caused a bias in the findings of
this study. One could argue that the screening
group reported better outcome because those who
were dissatisfied with their aids rejected their aids
during the years since fitting; whereas dissatisfied
individuals in the control groups have not yet
rejected their aids. This is a reasonable argument,
but the evidence in the literature suggests that
those in control group 1 had their hearing aid for
a sufficiently long time to ensure that virtually 
all those among them who were likely to reject
their aids had already done so before the time of
follow-up. 

Schumacher and Carruth74 showed that all those
who stopped using their hearing aids in their
sample, did so within the first year after fitting. In
Brooks’ sample,80 those who were using a hearing
aid at 1 year postfitting were all using their aids at
10 years after fitting. Henrichsen and colleagues81

showed that there was no evidence of change in
hearing aid use of and benefit from ITE aids
between 6 months and 4 years, among those

participants who continued using the same aid for
4 years; those who used their aids at 4 years used
and benefited from them equally as much as at
6 months postfitting. Kyle and Wood,66 in a
sample of 25–55 year olds showed that those 
who were fitted for less than 2 years used their
aids more (both at work and at home) than 
those who were fitted between 2 and 10 years
earlier. 

Limitations of this study related to general
literature on screening
The literature on screening in general (not
specifically hearing screening) argues that it is
imperative that an RCT study is organised, to
ensure that early treatment is more beneficial than
late, before a screening programme is
implemented. The reason for this is that there are
potential sources of error in the effort to
investigate whether early treatment is
advantageous, errors that are not detectable with
any other study design, including controlled
studies such as this one. 

One potential source of bias merits discussion. Is it
possible that the screening group consists of
people who would benefit from a responsive
system anyway, even if screening were not applied,
because their shorter natural history of hearing
loss would make them use the responsive services
at a younger age? 

Study 1 has shown that those who continued using
their hearing aids, among those who were fitted at
the initial screening studies, were those with worse
hearing levels at the time of screening. This raises
the possibility that those who continued using
their hearing aids were those who would have
sought help on their own initiative (i.e. even if
they were not contacted via screening).
Furthermore, it is possible that, because they were
the ones with worse hearing loss, they would seek
a hearing aid at a younger age than the average
age of those who present to a hearing aid clinic on
their own initiative. If this scenario is true, then
screening has only resulted in fitting with aids
those who, after only a short time, would seek an
aid of their own accord. In this case, the
advantage of early screening that was shown in
this study would be misleading, as these people
would also be likely to receive this benefit under a
responsive system of service. 

An argument against this notion could be based
on the fact that the screening and the control
groups were matched for hearing levels at the time
of follow-up. So, it is reasonable to expect that
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because they had the same amount of hearing loss
at follow up, the screening and the control groups
would be people with the same natural history of
hearing loss (same length of time with hearing loss
and same rate of deterioration). If they had the
same natural history before their follow-up, then
this study has successfully controlled for the
possibility of inadvertently including in the
screening group people who would have obtained
a hearing aid at a young age under a responsive
system. There is not much evidence in the
literature as to the natural history of individuals
with age-related hearing loss, so one cannot argue
with certainty that this route of bias can be
excluded. 

An RCT is the only methodology that could
safeguard against this potential bias. However, it is
not entirely clear what such an RCT would assess
in terms of outcomes; for example, would it be 
10-year take-up of hearing aids compared with
screening in the same population? 

Final notes
This study has shown an advantage for people
who were fitted with aids after early screening and
continued using their aids in the long term, over
people who were fitted at an older age at a
hearing aid clinic. This advantage related to better
speech hearing activity, better participation in life,
more use of the aids, more self-reported acoustical
benefit and more satisfaction with aids. 

Age, gender, socio-economic group and hearing
levels have been controlled for and, in the section
‘Discussion’ (p. 112), it has been argued why
several other potential causes of bias have been
avoided. It seems that the evidence provided by
this study is sufficiently reliable and encouraging.
Accordingly, it argues for a future RCT that would
deal conclusively with some limitations inherent to
non-randomised controlled studies, such as this
one. 

The advantage of early proactive fitting over late
responsive fitting shown in this study could be due
to either or both of the following reasons: 

● Those fitted in an early proactive system of
services have the chance to use their aids for
longer than those fitted in a responsive system
of services because the latter typically happens
at an older age. In this case, if those fitted at a
hearing aid clinic survive for several more years
they may eventually reach the same amount of
benefit as those fitted early at screening. 

● Those fitted at early screening were fitted at a
younger age. It may be that because they were
younger they had the chance to adapt better to
hearing aids in a way that those fitted at an
older age will never be able to. This adaptation
could be due to either behavioural adjustment
(i.e. ability to handle hearing aids, and
adjusting to the physical and social experience
associated with hearing aid use) or biological
changes in the auditory system (such as the
phenomenon of acclimatisation), or both.

If this is the case, early proactive fitting has
offered a benefit that those fitted later at a
hearing aid clinic would never be able to
experience, however many years pass after their
fitting. The participants of control group 1 had
used their aids for a length of time that varied
between 1 and 8 years (average 4 years). This is a
considerable duration of hearing aid use. There is
no conclusive literature as to how long it takes for
the various aspects of hearing aid outcome to
reach a plateau, but it seems that control group 1
had enough time to adapt. Even if their self-
reported hearing aid outcome were to continue to
improve in the years following the follow-up of
this study, eventually to equal the outcome among
the participants of the screening group, it seems
that the screening group enjoys the worthwhile
advantage of being several years ahead in terms of
their cumulative experienced benefit. 

Finally, putting these findings into the context of
the NSC strategy concerning appropriate use of
diagnostic tests (www.18weeks.nhs.uk/public/), even
people who rejected their aids after being fitted at
screening have had a benefit of an appropriate
hearing assessment. This benefit empowers the
patient through appropriate diagnostic and
prognostic information to make a choice about
whether to proceed with fitting of a hearing aid,
and then using or not using that hearing aid.
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Introduction
The aim of this whole study was to show that

● hearing loss has a high prevalence in the older
population and a real impact on the people
who are impaired to justify screening, if
effective and acceptable methods are available 

● take-up and benefit can be shown to make a
measurable outcome difference in domain
specific measures and in quality of life.

(The cost of hearing loss to Europe’s economy is
likely to amount to over €200 billion annually,
accounting for at least 1.4% of its GDP. Hearing
loss affects one in six of the European population
and this is projected to increase to one in four by
2050. Hearing loss is age related and affects three
out of four adults over the age of 70 years, thus
constraining their autonomy and capacity to live
independently. A recent study reports that hearing
loss ranks with asthma, diabetes and
musculoskeletal diseases in terms of burden of
disability, and should be considered as a national
health priority.82)

Strand 1, the population study, examined:

● prevalence of reported hearing impairment in
the population for the age group 55–74 years

● views on and ways of offering screening
● take-up of screening offers
● screening methods
● hearing assessment methods
● measures that achieved good case-finding

without high false-positive rates
● take-up of hearing aids following assessment 
● use of hearing aids once fitted and reported

benefit.

At all stages the study was within the framework of
a patient journey [see Do Once and Share
(DOAS): www.mrchear.info/doas], and measuring
acceptability to the patient was central. The
information from the population study, strand 1,
was then used to look at models for screening

programmes, which is the focus of this chapter.
Potential costs of screening models are also
outlined, along with a discussion in the light of the
results on which approach to screening for hearing
impairment seems to maximise benefit for the
population and the individual.

Population studies are intrinsically complex.
Studies involving general practice at a time of
considerable organisational uncertainty in the
NHS are also complex. At the time when the
studies were proposed we had reasonable
expectations of recruiting a large enough sample
to give good statistical power and a robust ability
to generalise from the research. In the event it was
not possible to recruit for screening as many
centres for screening as had been hoped, or to
progress from screen to treatment as many
patients in different subgroups as hoped. However,
based on the population study, a power of effect
required was calculated in terms of the outcome
measures that meant that the results are strong
enough as a basis for making screening
recommendations (even though one site did not
recruit as many patients as had been hoped at the
outset). The critical power of the study was
calculated on those who needed to be screened to
measure the primary outcome of acceptability of
the intervention, not the quality of life outcomes
for those who were aided. However, in the event,
both specific and generic outcomes were capable
of showing a difference with the sample sizes used.

Hearing impairment too is complex. Losing
hearing is not life threatening, although it does
diminish quality of life (for the individual and
their family) and can lead to loss of employment
in some cases. Because hearing loss nearly always
develops gradually, patients do not see it as a
dramatic health problem requiring urgent
intervention. Many people are not aware of their
own mild to moderate hearing loss; for example,
it is quite common to hear it said that “people
don't speak so clearly these days”. Hearing loss is
a condition that has to be managed rather than
cured, so some of the incentives for other screens
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do not apply; screening for early identification
and treatment will not save lives, although it may
be argued that it will gain years of higher quality
life and increase an individual’s ability to take part
in everyday and other personal activities. 

This study tried to find out which were the most
important factors that predicted ability to benefit
(the whole patient journey: acceptance, use and
benefit). The conclusion was reached that,
contrary to the initial hypothesis in the proposal,
the most consistent and predictive factor is the
level of hearing impairment. It is the level of this
factor at which intervention or providing a
hearing aid is most likely to be effective and
acceptable that is the most important parameter
(even above motivational and other factors in this
age group).

This chapter will focus on the performance of
different options for screening and ability to
benefit from intervention. In addition, the cost-
effectiveness, implications for policy and practice,
in the context of the NSC criteria (see Appendix
8), and recommendations for future work are
discussed.

Establishing the ‘best’ screening programme is not
an exact science. ‘Best’ will vary for a number of
reasons: the balance between specificity, false
alarm rates, true-positive rates, positive predictive
value and cost, acceptability and risk will all vary
according to patient needs, the treatment
outcomes, costs per screen and case found, the
nature of the intervention, and so on. This
chapter extracts key dimensions and determines
how they can be combined to give an acceptable,
efficient and affordable screening programme with
measurable worthwhile benefits and for which
population the screen would be most effective in
detecting unmet need. 

Prevalence
Prevalence of reported concerns about
hearing impairment
The population study showed that reported
hearing problems that severely worry, annoy or
upset people increase substantially with age. Four
per cent of the 55–74-year-old population report
such serious concerns. This increases rapidly with
age after 50 years of age and over 8% in the 75
and over age group report serious concerns.
Almost one in four (22.6%) people aged 75 and
older have a moderate or severe worry because of
hearing problems. People under 75 who report

concerns are less likely than those over 75 to have
sought and obtained help or intervention for this
problem in the form of a referral or hearing aids. 

Population study sample selection and
possible bias
As noted in Chapter 2, the sample selection and
possible bias produced by a 30% non-response
merits discussion, since it could be more likely that
respondents will have hearing impairment than
non-respondents. 

This study showed that people with lower levels of
hearing loss are less likely to express concern and
seek help. The non-responders may therefore
differ from the responders in a way that led to
overestimation. The sample weights were adjusted
to take into account the gender and age
distribution in the population, although this may
not have eliminated all of the bias.

Self-reported hearing loss is a poor indicator of
prevalence and this would affect the whole sample,
leading to underestimation. It often takes 10 years
for an individual to recognise that they have a
hearing problem (but a shorter time for significant
others). So this may mean that the current
estimate of the population prevalence of more
severe levels of hearing loss may be lower than the
actual prevalence in the population. No
adjustment was made for this, so the estimates of
prevalence are likely to be underestimates rather
than overestimates.

The methods may overestimate the prevalences of
the rare and severe symptoms related to hearing
and balance problems. Davis2,83 has shown that
using similar methods the prevalences for mild
and moderate hearing impairment are not
overestimated, when non-responders are
vigorously followed up. The response rates in the
present study are less than in the previous study
and so there may be bias; in the extreme there
might be no people in the non-respondents who
have the particular symptom. However, this is
unlikely. If the responses in this study are
examined as a function of questionnaire reminder,
for instance, on the question ‘Do you have great
difficulty hearing in a background of noise?’ the
overall responses were 24, 19, 19 and 21% for
mailings 1, 2, 3 and 4, with a mean of 22%. For
the question related to great hearing difficulty in
the right ear they were 2.4, 1,4, 1.5, and 2.1%,
respectively, with a mean of 2.0%, and for hearing
aid use 4.0, 2.5, 2.8 and 3.2%, respectively, with a
mean of 3.5%. The estimates may therefore be
slightly biased in favour of apparent greater
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prevalence, but there is no strong evidence of
large systematic response bias for non-responders.

Prevalence of assessed levels of hearing
impairment
The study found that the level of assessed hearing
impairment is the primary predictor of both
ability to benefit from intervention and
compliance with using the hearing aid. The idea
was to look at the best level of impairment to set
as the cut-off point in the screen. Setting too low a
level would result in too many people passing on
to the next stage, and if their hearing loss was
relatively mild, they might be less motivated to
proceed to treatment or having and using an aid,
so there might be less benefit. Looking at the
different degrees of hearing impairment from
minimal (say 15–24 dB HL) to mild (say
25–39 dB HL) there is a sharp increase in
prevalence with every 10-dB difference. In the age
group 55–74 years, 44% have a hearing loss of at
least 25 dB HL (0.5, 1, 2 and 4 kHz average) in
either ear, with 30% having such a loss bilaterally,
in both ears. This decreases to 14% (i.e. it halves)
for 35 dB HL.

Figures 56 and 57 show the prevalence of the
degree of hearing impairment for the age group
55–74 years with a 35-dB criterion in the worse
ear and better ear, by gender and age group, and
whether they are using a hearing aid or not. 

Data from strand 1, the population study, show
that 26% of people have a 35-dB HL hearing

impairment in the worse ear, of whom 23% do not
have a hearing aid. On the better ear criterion
there are 14% reducing to 11% who do not have a
hearing aid. The percentages are greater in men
and in the older age group (�65 years). In the
younger age group, 6% of the 60–64 year olds
have this degree of impairment, of whom five out
of six who are hearing impaired at the 35-dB HL
level do not use hearing aids.

Therefore, the proportion of people with a
hearing loss that is unmanaged by provision of
hearing aids is very high. Would these people
benefit from amplification? One of the main aims
of amplification through fitting hearing aids is to
improve the ability to hear speech in noise, in
particular. If this ability is improved then this
could and should lead to an increase in taking
part in social communication. 

The data in strand 1, stage 3, concerning the
ability to benefit from amplification are shown in
Figure 58. For each subject an analysis was
conducted on the speech in noise data from the
FAAF test, which performed 80 independent four-
alternative auditory feature trials, to yield two
scores, one for aided performance and the other
for unaided performance. Using a GLM, with a
logistic error term, the parameter for the
difference between aided and unaided
performance was derived and if there was a
significant difference at the 0.05 level in the
direction of better performance with amplification
then this was counted as significant benefit.
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Figure 58 shows that over 65 years of age there is a
much greater prevalence of ability to benefit
statistically in terms of speech in noise
performance when given appropriate
amplification. These population-weighted data
show the great potential of amplification in
enabling better speech recognition in noisy
environments.

In the 60–64 year age group 17% of people
benefit from amplification, but 2% already have
hearing aids, so that the ‘need’ for amplification
in the population is 15% of 60–64 year olds

because they benefit from amplification, and as
seen above when they do benefit statistically, that
benefit translates into significantly better
recognition (e.g. 12–15% better).

This study is unique because it has sought to gain
interventions for as many people as possible across
a wide range of hearing impairments (minimal,
mild and moderate) precisely to measure and
titrate the benefits (at about 3–6 months
postintervention) against degree of hearing
impairment. This will enable evaluation of the
benefits of triaging (or targeting) particular
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degrees of hearing impairment, rather than all
those who report hearing problems.

Screening models
Screening and intervention based on
targeting people whose hearing
impairment is at least 35 dB HL: best
outcomes for available resources? 
In deciding on a particular approach to screening
we were guided by the NSC criteria, especially
those concerning ability to benefit from
interventions. They have made a series of
judgements on the basis of evidence, some of
which is presented in previous chapters and some
of which will be reviewed here in secondary
analyses of the primary data collected in this
research.

The evidence suggests that resources should be
targeted towards those

● with greater disability and need, which is
associated with higher levels of hearing
impairment in this study

● who have at least 35 dB HL, which this study
has shown is the best level that could be
targeted with current technology and within
current service models

● who are also most likely to benefit most (again
those who are more impaired)

● who are more likely to make use of hearing aids
once supplied 

● who are less likely to self-refer or be referred
without screening. 

A range of results from these studies supports this:

Strand 1, the population study, stage 4 (which
aimed to identify the most efficient tool to screen
for ability to benefit from aiding), showed that the
benefit from hearing aids is linearly related to
benefit from amplification and is also related to
hearing level, supporting the case for targeting
those with higher levels of impairment, in the first
instance. 

Strand 3, study 2, showed that long-term use (after
12 years) gives about two-thirds still using their
hearing aids and benefiting, for those with at least
35 dB HL (better ear average), using analogue,
BTE hearing aids. The two-thirds figure for those
still using hearing aids could probably be raised if
additional and more effective support was given
(in the population study normal or current
support was given). This supports the case for

targeting those with higher levels of impairment,
knowing that many will have years of use and
benefit following the fitting of an aid.

Strand 2 data show that reported quality of life
improves following fitting of hearing aids for all
groups, but greater domain-specific benefit follows
for those with at least 35 dB HL loss. The data
supporting this are set out in Tables 49 and 50.

Does reported quality of life improve
following fitting of hearing aids?
Table 49 shows the major outcome characteristics
for those who were screened and accepted fitting
of hearing aids, and includes those who had a
hearing loss of 35 dB HL or more, and those who
had a hearing loss of less than 35 dB HL in strand
2, the clinical effectiveness study. The table shows
that there is overall benefit on a number of
generic and domain-specific outcome measures.
Similar benefits were also seen in the population
study reported in strand 1, Stage 4.

The cut-off point for screening that gives the best
outcomes in relation to amplification and hearing
aid benefit positive predictive value and costs is
35 dB HL or more (averaged over 0.5, 1, 2 and
4 kHz).

In Table 49 the major outcome characteristics
shown are:

● the two quality of life measures used (HUI and
SF-6D), which both show a positive gain in
utility, with the HUI being substantially better
after 3 months of using hearing aids

● the two hearing aid benefit measures: GHABP
and APHAB 

● the speech in noise performance benefits. 

The table also shows key characteristics of the
sample:

● age and duration of hearing impairment
● better and worse ear hearing impairment at 0.5,

1, 2 and 4 kHz
● a percentage estimate of those who would refer

to audiological assessment with a two-stage
screen with Q1 or Q2 and steady 3-kHz tone at
35 dB HL

● a percentage estimate of those who would refer
to audiological assessment with a one-stage
screen with a steady 3-kHz tone at 35 dB HL

● a percentage estimate of those with bilateral
sensorineural hearing impairment (criteria used
were <10 dB asymmetry or <10 dB air–bone
gap over 0.5, 1 and 2-kHz thresholds averaged).
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Developing the approach developed in reporting
strand 2, the clinical effectiveness study, Table 50
compares those whose better ear average
thresholds are 35 dB HL or more with those who
had a lower level of hearing impairment (under
35 dB HL). 

Table 50 shows that within the overall benefit
found for providing amplification through hearing
aids there is greater benefit in targeting
intervention and fitting to those with a hearing loss
of 35 dB HL or more, using the same outcome
measures. There are substantial differences for the

hearing outcome measures: this shows significant
benefit for those of at least 35 dB HL both in the
reported outcomes and in the speech in noise
measures. There is a tendency for a greater benefit
on the quality of life measure (HUI), but no
difference between the different hearing loss
categories for the SF-6D (but the SF-6D is fairly
insensitive to hearing84) or the QoFL.

The more impaired people are older (by 2 years)
on average and remember having difficulty
hearing for an average of 13 years. The
proportion who would be referred by an
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TABLE 49 Major outcome and demographic variables for strand 2 patients who accept and use their amplification

Measure Mean 95% CI Number

Quality of life measures increase
HUI benefit 0.074 0.043 to 0.105 116
SF-6D benefit 0.016 0.001 to 0.031 96
QoFL benefit 0.015 0.002 to 0.027 106

GHABP
Use 67 63 to 71 129
Benefit 58 55 to 61 129
Residual disability 13 12 to 15 129
Satisfaction 63 60 to 66 129
Disability ‘benefit’ 31 28 to 35 129
Overall 68 66 to 71 129

APHAB measures of benefit
EC benefit 28 24 to 31 132
BN benefit 34 31 to 38 129
RV benefit 36 32 to 40 123
AV benefit –19 –23 to –16 132
Global benefit 17 15 to 20 133

Speech in noise (WN or ICRA noise) FAAF measure of benefit (aided – unaided)
WN 55/55 7.7 6.0 to 9.4 135
ICRA 55/60 8.8 6.5 to 11.3 131
ICRA 55/55 7.1 4.6 to 9.6 131
ICRA 65/70 6.4 4.1 to 8.7 131
ICRA 65/65 6.2 3.6 to 8.7 131

Key characteristics
Age and duration of hearing impairment (years)
Age 65 65 to 66 157
Duration 12 10 to 14 154

Better and worse ear hearing impairment at 0.5, 1, 2 and 4 kHz
B5124 31 29 to 32 158
W5124 40 38 to 42 158

Percentage who would refer to audiological assessment with two-stage screen with Q1 or Q2 and steady 3-kHz
tone at 35 dB HL 
% Refer 0.49 0.41 to 0.57 158

Percentage with bilateral sensorineural hearing impairment (criteria used were <10 dB asymmetry or <10 dB
air–bone gap over 0.5, 1 and 2 kHz thresholds averaged)
Select10 0.75 0.68 to 0.82 158
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TABLE 50 Selection of outcome and demographic variables for the two groups in strand 2, who accepted amplification, one of whom
had at least 35 dB HL (over 0.5, 1, 2 and 4 kHz) and the other whose hearing impairment was ‘better’ than 35 dB HL

Variable Group n Estimate SD t p

Quality of life measures
HUI benefit <35 dB 79 0.063 0.176 –0.794 0.431

35+ dB 37 0.099 0.249

SF-6D <35 dB 67 0.016 0.076 0.383 0.702
35+ dB 30 0.015 0.081

QoFL <35 dB 69 1.90 6.2 0.87 0.38
35+ dB 37 0.73 7.1

GHABP
Use <35 dB 86 60.0 30.7 –4.9 <0.001

35+ dB 43 82.1 20.5

Benefit <35 dB 86 52.6 23.6 –5.1 <0.001
35+ dB 43 69.6 14.3

Residual disability <35 dB 86 15.3 13.2 1.6 0.104
35+ dB 43 11.5 10.6

Satisfaction <35 dB 86 58.8 24.0 –4.3 <0.001
35+ dB 43 72.8 13.6

Disability ‘benefit’ <35 dB 86 25.5 17.7 –5.6 <0.001
35+ dB 43 43.9 17.2

Overall <35 dB 86 64.0 19.4 –5.2 <0.001
35+ dB 43 78.3 11.9

APHAB measure of benefit
EC benefit <35 dB 86 22.1 20.3 –3.8 <0.001

35+ dB 46 39.3 26.8

BN benefit <35 dB 83 29.9 24.2 –3.1 0.002

RV benefit <35 dB 80 33.3 26.4 –2.0 0.045
35+ dB 43 43.6 27.6

AV benefit <35 dB 86 –20.5 25.3 –0.6 0.559
35+ dB 46 –18.0 20.0

Global benefit <35 dB 87 13.9 18.8 –3.6 <0.001
35+ dB 46 25.7 16.2

Speech in noise benefit (aided – unaided scores)
SN 55/55 <35 dB 91 5.6 11.6 –3.0 0.003

35+ dB 44 12.1 12.0

ICRA 55/60 <35 dB 88 7.8 16.8 –1.1 0.275
35+ dB 43 11.2 16.6

ICRA 55/55 <35 dB 88 5.1 17.3 –1.9 0.066
35+ dB 4 3 11.04 7 16.958

ICRA 60/65 <35 dB 88 3.7 15.8 –2.9 0.005
35+ dB 43 12.0 14.5

ICRA 60/60 <35 dB 88 4.0 18.5 –2.0 0.048
35+ dB 43 10.6 15.5

Key characteristics
Age in years and duration of perceived hearing loss (years)
Age <35 dB 106 65.3 5.7 –2.2 0.03

35+ dB 51 67.3 5.0

Duration <35 dB 105 11.9 13.9 –0.5 0.638
35+ dB 49 13.0 14.7

continued



audiometric screen at 3 kHz 35 dB HL with a
steady-state pure tone is about 98% and this drops
by about 10% if the first stage screen is added as
the first two questions on the screening
questionnaire. So, if a cheap, easy to use and
reliable screening instrument were available it
would be much more sensitive to use rather than
filter on the questionnaire. A measure of the
benefit from intervention can be taken as the
initial disability minus the residual disability in the
GHABP. It is clear that on this reliable benefit
measure there is a substantial difference of 18%
between the two groups, owing to the lower initial
disability in the 35 dB HL or greater group. The
majority of the people (80%) detected by any
screen who are in the 35 dB HL or greater group
will have bilateral SNHL.

Deciding to offer a hearing aid with a
screen cut-off of 35 dB HL or more:
what are the implications?
Although there is evidence that significant
numbers would benefit from intervention, there
are practical and long-term implications, as well as
the trade-off between sensitivity and FARs, which
need to be taken into account in any screening
programme. The results suggest that a screen with
an intention of intervening and offering an aid for
those who have at least 35 dB HL would be very
worthwhile indeed as the domain-specific benefits
are very large (e.g. +1 SD for the speech in noise,

>1.5 SD in the APHAB, 1 SD in the GHABP and
0.4 SD in the generic HUI). What implications
would this decision have for current activity? 

At present, 24% of new hearing aid fittings in
NHS clinics are fitted for people who have less
than 35 dB HL hearing impairment (Davis A:
personal communication from MHAS data set,
2006). However, it is reasonable to assume that if a
person with less than 35 dB HL is fitted with
hearing aids it is because they have reported
concerns and have been committed to seeking and
receiving help without being prompted by a
screening programme. The aim of this study is to
focus on the benefits of screening for people who
do not receive help with hearing problems that
they are concerned about, or who have hearing
loss and are not aware that they should seek help.
The results show that the NSC criteria for
introducing and maintaining a comprehensive
screening programme are met if the cut-off point
is 35 dB HL or higher: the hearing impairment is
substantial, the impact is great (there is evidence
that patients equate moderate hearing loss to
chronic pain resulting from a slipped disc82), the
numbers are large, and this study shows that the
intervention is acceptable and provides significant
benefit. The follow-up study, strand 3, showed that
there was measurable benefit at 3 months, and we
know that long-term use (after 12 years) is about
two-thirds still using hearing aids and benefiting,
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TABLE 50 Selection of outcome and demographic variables for the two groups in strand 2, who accepted amplification, one of whom
had at least 35 dB HL (over 0.5, 1, 2 and 4 kHz) and the other whose hearing impairment was ‘better’ than 35 dB HL (cont’d)

Variable Group n Estimate SD t p

Average hearing impairment across 0.5, 1, 2 and 4 kHz for better and worse ears
B5124 <35 dB 107 24.9 6.0 –14.9 <0.001

35+ dB 51 44 8.1

W5124 <35 dB 107 35.3 14.9 –7.1 <0.001
35+ dB 51 50 11.1

Percentage of the population in each hearing impairment band who would be referred by a two-stage screen
using Q1 or Q2 plus a 3-kHz 35 dB HL steady-state pure tone screen test
% Refer <35 dB 107 29.9 0.46 �2 = 47 <0.001
By two-stage screen 35+ dB 51 88.2 0.325 df = 1

Percentage of the population in each hearing impairment band who would be referred by a one-stage screen
using Q1 or Q2 plus a 3-kHz 35 dB HL steady-state pure tone screen test
% Refer <35 dB 107 28.6 0.46 �2 = 58 <0.001
By one-stage screen 35+ dB 51 98.3 0.325 df = 1

Percentage of the groups who would not have asymmetric HL or conductive hearing loss in each category
Proportion SNHL <35 dB 107 0.729 0.447 �2 = 0.87 0.34

35+ dB 51 0.804 0.401 df = 1

SNHL, sensorineural hearing loss.



for those with 35 dB HL (better ear average),
using analogue, BTE hearing aids. In a quality-
assured service using DSP hearing aids one would
expect the benefits and compliance to be higher.

Based on this evidence, what are the benefits and
potential costs of taking forward a hearing
screening programme?

Comparing screening programme
elements
Methodology for comparing measurable
outcomes and screening performance: a
signal detection theory approach
The comparison used a signal detection theory
approach to balancing the trade-offs involved in
screening programme decisions. The major
variables of interest in screening performance are
those that are derived from classic signal detection
theory.85,86 A central concept in signal detection
theory is the ROC curve.

ROC curves enable one to look at the effect of
choosing different cut-off levels, which is why they
are so useful in thinking about screening
programmes. By moving along an ROC curve (i.e.
choosing different cut-off levels) one can look at
the consequences (in terms of, for instance,
increased or decreased proportions of false
positives) of choosing different cut-off points. If a
high cut-off point is set there would be almost no
false positives, but there would not be very many
true positives either; this would be the case if the
threshold was 50 dB HL, for example. Too low a
threshold will give too many false positives along
with a good number of true positives. Moving
along ROC curves allows the cut-off point that will
give the best balance between false and true
positives to be plotted.

In general, the closer an ROC curve is to a
diagonal, the less useful the test is at
discriminating between the two populations. The
more steeply the curve moves up and then across,
the better the test. A precise way of characterising
this ‘closeness to the diagonal’ is to look at the
area under the ROC curve. The closer the area is
to 0.5, the less good the test, and the closer it is 
to 1.0, the better the test. The area under the
curve is non-parametric; this means that the area
under the ROC curve is not significantly affected
by the shapes of the underlying populations. 
This is most useful, as there is no need to worry
about non-normality or other curve shape
problems, and a single parameter of great

meaning – the area under the ROC curve – can be
derived (for more detailed information see:
http://www.anaesthetist.com/mnm/stats/roc/).

Whether or not parametric assumptions are
strictly met, a measure called d� is conventionally
used as an alternative to the area under curve to
summarise how discriminating and useful a test is.
This use tends to assume that with the test there is
some option to trade false positives for false
negatives.

Measurable outcomes and benefits that
the results indicate may follow from
interventions after screening
The benefits discussed fall into two categories:

● the real long-term (and short-term) benefits of
intervention 

● those that can act as a proxy for long-term
benefits. 

We looked at a number of parameters and their
interactions and calculated the d� for each one to
indicate how useful each would be as a test. These
are summarised in Table 51.

Therefore, the benefits of intervention with a
number of variables could be considered: average
hearing impairment of either 30 or 35 dB HL,
and one or two ears impaired (taking the better
and worse ear). 

These were not the criteria that we set out to use
when proposing these studies. However, for the
reasons outlined above and in the long-term
follow-up (Chapter 4), a decision was made to use
these measures. It was felt they had value and they
are easier to assess without any additional
equipment being required. The more ‘valid’
outcomes used the benefit obtained in speech in
noise (quiet voice, moderately difficult signal
SNR), whether this was significantly beneficial
(usually >7%) or any benefit at all (>0%). 

The measurable outcomes and benefits used 
were:

● the benefit obtained in speech in noise (quiet
voice, moderately difficult SNR), whether this
was significantly beneficial (usually >7%) or any
benefit at all (>0%)

● two operational points taken from the 
GHABP
– whether the aid was used more than 69% or 
– whether there was at least 60% self-reported

benefit using the GHABP
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● whether a hearing aid was offered and whether
a hearing aid was offered and accepted by the
person.

In addition to these performance criteria, the
wider definition was also used: whether a hearing
aid was offered and whether a hearing aid was
offered and accepted by the person. The hearing
levels and aid offer/acceptance can be weighted to
reflect the non-hearing aided population of
respondents to the screen. We are reasonably
confident that these reflect the population too, as
there was a similar distribution of hearing
impairment and hearing aid use imputed for
strand 1 and 2 populations. The other measures
were only used on the population who accepted
the hearing aids. In these populations inferences
can be made based on the assumption that those
who accepted the intervention were on an ordinal
distribution; those who did not accept or were not
offered an intervention were very unlikely to
benefit and by default would be assigned to ‘not in
the target group’.

Comparing items of the questionnaire
to see which are the best indicators:
constructing HEAR, a graded index of
hearing impairment
For each of the outcome criteria outlined in
Table 51, the questions that could be used as a one-
stage screen or as part of a two-stage screen are
shown in Table 52. 

We analysed how well the questions discriminated
singly and in combination as indicators of actual
hearing impairment, so that they could judge the
most effective questionnaire – effective either as
the single screen, or as part of a two-stage screen
with simple audiometry as the second stage. 

The single questions and combinations are
derived essentially from the three questions used
in Q1–4 in the screening questionnaire:

● Question 1 essentially asks whether the
individual thinks that they have a hearing
problem/concern.

● Question 2 asks about hearing in noise.
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TABLE 52 First stage questionnaire criteria from strand 2 used in analysis

Questionnaire abbreviation Question (see questionnairea for precise definition)

q1 Have a hearing problem (Yes/No)
q2 Great difficulty hearing in noise (Yes/No)
q3q4 No difficulty hearing in quiet on left or right
2q3q4 Q1 = yes, Q2 = yes, slight problem on left or right
maxq34 Worse ear problem in quiet
2maxq34 Worse ear moderate or worse problem in quiet
hear Any problem on index over the three questions
2hear Moderate problem 
q12 Q1 and Q2 = yes
q1or2 Q1 or Q2 = yes

a Appendix 6.

TABLE 51 Ten criteria to screen for the target groups which were analysed to obtain the signal detection theory parameters and
screen costs and their populations’ weighted proportion in the target group (D+) and not (D–)

Description of criterion for screen Target group (D+) Not target group (D–)

Better ear 30+ dB HL 0.208 0.792
Better ear 35+ dB HL 0.125 0.875
Worse ear 30+ dB HL 0.346 0.654
Worse ear 35+ dB HL 0.244 0.756

Significant benefit FAAF (SiN) 0.129 0.871
Any benefit FAAF (SiN) 0.206 0.794

Offered aid 0.525 0.475
Accept and use aid 0.356 0.644

GHABP benefit >59% 0.259 0.741
GHABP use aid >69% 0.235 0.765



● Questions 3 and 4 ask about hearing in quiet,
with a graded response (slight to no hearing at
all on each ear).

● Question 5 essentially eliminates those who
already have a hearing aid. 

Questionnaires 12 and Questionnaires 1 or 2 show
whether there was a positive screening response to
both Q1 and Q2 or just one positive response to
these questions.

An index of hearing difficulty, ‘HEAR’, was
developed, which combined scores on Q1–4 in a
systematic way. This index enables the reported
hearing problem to be given a grade, depending
on the priorities for screening and its costs.
Different grades or cut-off points can be decided
which will admit more or fewer people to the next
stage after initial screen by questionnaire. 

The questionnaire is simple to fill out and is one
page in length, so it is simple and short, which
helps with the further trade-off involved in
deciding on cost against predictive value, in terms
of staff time and patient acceptability of
questionnaires of different length and complexity.

Comparing audiometric screens: are
steady-state tones better than warble
tones?
The next aspect of possible screening approaches
investigated was the comparison between
audiometric screening methods. 

Steady-state tones and warble tones were
compared. The accuracy of the two methods is
important, and their resistance to external noise is
also important. It means that the tests can be

given in a range of environments without the
problem that people who take the tests in noisy
environments will appear to have greater
impairment, leading to people being referred on
to the next stage who may not need to be; as
would happen if, for example, vision tests were
carried out in poorly lit rooms.

Table 53 shows the different screening parameters
used for the audiometric screens.

For two-stage screens the two sets of abbreviations
are combined, and where the abbreviation is too
long some characters from the stage 1
abbreviation are left out. 

Steady-state tones and warble tones at 3 and 4 kHz
were used; the two frequencies chosen are
relatively resistant to external noise of
considerable intensity. Three levels were used:

● 30, 35 and 40 dB HL at 3 kHz 
● 35, 40 and 45 dB HL at 4 kHz. 

In addition, all warbles and all steady-state tones
were combined, and an average was taken at 35
and 40 dB HL (the intensities in common at 3 and
4 kHz). For all the single tone screens the absence
of response on both ears was taken as the
criterion. For all other screens one tone or none
heard was taken as the referral criterion. 

What combination of questions and
audiometric criteria gives the best
screening performance?
All first stage questions can be combined with each
of the audiometric criteria. For each one-stage
screen or two-stage combination the gold-standard
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TABLE 53 Audiometric screening parameters used in strand 2

Abbreviation Frequency Level (dB HL)

S4K45 Steady 4 kHz 45
S4K40 40
S4K35 35
S3K40 Steady 3 kHz 40
S3K35 35
S3K30 30
cwarble Average all warbles
csteady Average all steady state
r3540 Average of 35/40 steady
W4K45 Warble 4 kHz 45
W4K40 40
W4K35 35
W3K40 Warble 3 kHz 40
W3K35 35
W3K30 30



(i.e. how does it compare as a predictor of hearing
impairment compared with an audiometric
assessment?) criterion from the outcome measures
shown in Table 51 can be applied. This leads to a
large number of outcome meta-data (see
Appendix 9), which are summarised here.

Sensitivity and FAR
Screening programmes have to have a good
balance between sensitivity and FAR. The
sensitivities and FARs were calculated using
appropriate population weighting and 90% CIs
(derived from logistic model CIs) to give an
indication of the extreme 5% of each tail of the
distribution.

The comparisons needed to give the best trade-off
between sensitivity and FAR can be difficult.
Because of this the d� (d prime) statistic has been
calculated together with its counterpart, the
criterion on the normalised distribution. The d�
value can be thought of as the distance between
the two distributions (those with hearing
impairment one wishes to target, and those one
does not). The criterion can be thought of as how
biased the selection is from the target group (this
may be adjusted, but for single binary categorical
questions is fixed). 

The major elements of the data have been
abstracted to enable the impact on sensitivity and
FARs to be investigated, and to identify the
screening elements that will give the best value.
Figure 59 shows the effectiveness of using the
single questionnaire screen for identifying an
audiometrically measured hearing loss of the
better ear average at 35 dB HL or above. (The
logistic derived confidence interval is given for the
two dimensions.) 

The effectiveness of this screen for this
audiometric criterion is that there is a high FAR if
only Q1 or Q1 and Q2 is asked, but sensitivity is
high. If the more specific questions are asked the
FAR goes down, but sensitivity is also lower. 

Figure 60 shows the effectiveness of using only a
simple, low-cost audiometric screen for identifying
the same audiometrically measured hearing loss of
the better ear average at 35 dB HL or above.

The sensitivity is reasonably good and the FAR is
an acceptable 10–20%. For example, picking out
one point on the graph, the steady-state 3-kHz
35 dB HL tone has about 88% sensitivity and 10%
FAR. The equivalent warble tone is about 6% less
in sensitivity and a few per cent more in FAR.

Costing screening programmes
The best value screening programme will be one
that combines good sensitivity with a low FAR and
a reasonable screening cost with good outcome
benefits after treatment. However, the cost of
treating cases found through screening which are
in addition to cases currently treated are also part
of the costing of any new screening programme. 

The parameters in this study enable the
approximate cost of a particular screening
programme to be estimated. A formula is shown in
Box 1 that gives the assumptions used here and
the values used in these equations (using Table 51
to give the prevalence of the target group).

Outcome benefits of the screening
approaches in the study 
The study looked at different ways of screening
[single (questionnaire only) or two-stage
(questionnaire plus audiometry)] and different
ways of case-finding (systematically writing to all in
the target population or offering screening
opportunistically to patients when they attended a
GP’s surgery).

Findings on cost and effectiveness
of the screening programmes in
the study
Methods for costing 
The aim of this study was to show that

● hearing loss has a high enough prevalence in
the older population to justify screening if
effective and acceptable methods are available 

● screening take-up and benefit can be shown to
make a measurable outcome difference in
quality of life.

The results show that it is possible, by screening
for hearing loss in the targeted population, to
increase uptake and use of hearing aids and
improve quality of life. The cost and benefit of
different screening programmes need to be
assessed to see whether they indicate that further
work on developing a national screening
programme is justified.

Costing services in the NHS is complex. There are
several ways of modelling services and costs, and
different views on what should be included (for
example, whether patient costs such as time and
travel should be included). In the current climate
of almost continuous reorganisation within the
NHS, costing has become even more complex and
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open to debate. (The difficulties of costing
accurate estimates for future screening
programmes are well set out in the report
‘Improving outcomes for people with skin tumours
including melanoma’.87) There are wide variations
in service patterns and costs. Costings based on
service patterns when this study was carried out
will no longer apply, because patterns and costs of
service delivery in primary and acute health
services have changed and continue to change
(e.g. components of the National Tariff, costs of
GPs with Special Interests). 

We have taken a pragmatic approach, within the
limitations of their sample and budget. The aim
was to see whether this study could arrive at a
guide cost for the screen which this research found
to be the ‘best’. These guide costs were then used
to see whether the QALY benefit calculation was
within the accepted £30,000 per QALY gained. If
costs were so high that the QALY benefit cost was
above £30,000 there would not have been a strong
case to be made for further work on a national
screening programme.

This economic evaluation is only preliminary, but
the guide costings are within the range that
indicate that it would be worthwhile proceeding to
pilot screening programmes that would collect
detailed cost and benefit information. It would
then be worthwhile to model this in more detail to

inform decisions about extending the programme
to a national one. Even if it is not possible at this
stage to quantify formally the level of uncertainty
that surrounds the cost estimates, the results still
indicate that it is worthwhile to proceed to a pilot
screening programme with costing methodologies
agreed. In this way cost–benefit can be assessed in
the light of the actual costs of the components of
the service pathways currently in place.

Detailed technical discussions follow, outlining the
way in which cost estimation and benefit
calculations were approached.

Calculating the cost per person
screened and cost per QALY: issues to
be considered
Cost estimates 
When estimating all additional costs associated
with the costs of screening, all people, even those
who it transpires do not have a hearing
impairment, are included within the analysis. If
these patients had not been involved in this study
they would have received no intervention. So,
when analysing the data an ITT methodology is
adopted and the cost-effectiveness for all people is
included, regardless of outcome. The cost per
QALY estimates are thereby the mean cost and
mean QALY estimates for all presenting patients,
rather than just for those who go on to receive a
hearing aid.
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Average cost of screening = Base cost + TPF * P(D+) * { CTP – CFN }
+ FPF * P(D–) * { CFP – CTN }
+ CTN*P(D–) + CFN*P(D+)

where C = cost, TPF = true positive found (i.e. sensitivity), D+ = in the target group on criterion, D– = not in the target
group, FPF = false alarm rate, TP = true positive, FN = false negative, FP = false positive, TN = true negative, P(D+)
probability of being in target group, and Base cost = administrative and technological central charge per person.

Base cost assumptions: £2 administration; £2 equipment (based on £140 per screening audiometer)

CTP = £3 questionnaire (reducing to £1.80 for opportunistic) + £6 per audiometric screen + 
£20 per audiogram assessment + optional £853 for 10-year treatment costs depending on costing basis

CFN = £3 questionnaire (reducing to £1.80 for opportunistic) + £6 per audiometric screen

CFP = £3 questionnaire (reducing to £1.80 for opportunistic) + £6 per audiometric screen + 
£20 per audiogram assessment

CTN = £3 questionnaire (reducing to £1.80 for opportunistic)

Based on 2004/05 national (England) average unit costs declared by hospital trusts to the Department of Health for hearing
aid assessment (£55, SD £69), fitting (£68, SD £68) and follow-up (£44, SD £47), assuming that 80% of patients opt for two
hearing aids (£116 tender cost) and using average unit costs of staff carrying out the screen and associated tasks from
www.pssru.ac.uk

BOX 1 Estimating the cost of a screening programme: formula showing the assumptions used and the values used in these equations



Cost components
In terms of staff time (both direct contact time and
non-contact time), staff cost per hour (i.e. staff
grade for each task), equipment, overheads, and
so on, costs were assessed from the perspective of
the UK NHS. Bottom–up costing methods were
used to estimate both the level of resource use and
associated unit cost associated with all hearing aid
appointments (including both contact and non-
contact time). Thus, the incremental costs
associated with hearing aid provision, staffing,
equipment and accommodation (including
cleaning, electricity, etc.) were estimated. Costs to
the NHS were estimated at 2004/05 cost levels as
indicated above, and future costs discounted at 3%
per annum.88 These costs may change in line with
the procurement of hearing aids and any tariff
[payment by results (PbR)] that is agreed for
hearing aid services in the future.

Utility gains
In line with previous analyses,89 it was assumed
that utility changed linearly over the first
3 months after hearing aid fitting (from the
preintervention value to the value measured at
3 months postfitting) and that, thereafter, the gain
associated with hearing aid provision would
remain constant (relative to the assumed
alternative of no intervention). The appropriate
period for which these gains are assumed to be
sustained is the period for which early screening is
assumed to provide benefits, beyond those benefits
that an individual would have received had the
screening programme not existed. A conservative
estimate is that a screening programme could
result in patients being provided with hearing
aids, on average, 9 years earlier than would have
been with case if the screening programme had
not been set up. Thus, QALY scores are calculated
based on the assumption that the utility gain
(3 months postfitting) will be applicable for a
period of 8 years and 9 months postfitting. It was
assumed that hearing aids last for 3 years and
there is a fixed charge for repairs. In reality, the
costs are much lower than the ones included here,
as replacement aids and reassessments may be on
a longer basis (e.g. every 5 years; however, this is
offset by the cost of repairs which average £22 and
may be needed two to four times over the same
period, which is effectively cost neutral).

Estimating patient-specific levels of resource use
For probabilistic sensitivity analysis to be
undertaken, it is generally necessary for patient-
specific levels of resource use and changes in
utility to have been measured. Individual patients
completed quality of life measures both before and

after intervention, and thus it is possible to estimate
the change in utility for patients (who provided
such data) in this study. However, after discussion
with healthcare professionals, the decision was
made not to estimate individual patient-specific
levels of resource use, for two reasons.

The first reason was that it was relatively easy to
estimate the average level of resource use for each
patient, associated with each type of patient
contact, using top–down methods [e.g. average
staff time per patient was calculated by dividing
total staff time (for all patients) by the number of
patients]. The second reason for not estimating
patient-specific levels of resource use was that in a
pilot study, where healthcare professionals were
asked to report the duration of each patient
contact, most healthcare professionals simply
reported the booking time of the appointment,
which may, or may not, have been equivalent to
the exact contact time spent with each individual
patient. In this study, therefore, top–down
methods were used to estimate the average level 
of resource use associated with each type of
patient contact, but resource levels for individual
patients were not estimated. As such, it is not
possible formally to quantify the level of
uncertainty that surrounds the cost estimates at
the patient level.

Cost-effectiveness for the NHS
The likelihood that the intervention is cost-
effective for the NHS was estimated. O’Brien and
colleagues90 advocated the use of 95% CIs,
surrounding both mean cost and QALY estimates,
to estimate the level of uncertainty surrounding
the mean cost per QALY estimate. Given the
limitations of the data set, it was necessary to
adapt such methods to estimate how likely it is
that the mean cost per QALY associated with this
intervention is below £20,000 per QALY. It should
be noted that although it has been suggested that
a £20,000–30,000 criterion is used by the National
Institute for Health and Clinical Excellence
(NICE) (e.g. Raftery91), more recent
interpretations have concluded that cost-
effectiveness is only one of several variables that
predict whether an intervention will be approved92

and that the cost-effectiveness boundary is gradual
rather than abrupt.

Utility scores were measured both before and after
intervention in this study and, based on the HUI3,
where a difference of 0.074 was found, the mean
QALY gain over a 9-year period was estimated to
be 0.56 (95% CI 0.33 to 0.80). These upper and
lower bound 95% CI estimates can be used to
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estimate the maximum cost levels that would still
permit the intervention to be deemed cost-
effective (i.e. mean cost per QALY <£20,000). If it
transpired that the mean QALY gain was actually
0.33, then so long as the mean per person cost of
the intervention was less than £6592
(6592/0.33=20,000) the mean cost per QALY
estimate would still be below the threshold of
£20,000. Thus, based on the lower 95% CI 
utility gain estimate of the HUI3, only if the 
actual costs were more than seven times greater
than the mean cost estimate would the cost per
QALY estimate be above the £20,000 threshold.
Over a 6- rather than a 9-year period, the QALY
gain was 0.3 (95 CI 0.23 to 0.56) and the mean
per-person cost of the intervention to be below the
threshold of £20,000 at the lower CI was £4554,
which is still over seven times greater than the
mean cost.

When similar analyses are conducted for the 
SF-6D scores, the mean QALY gain is estimated 
to be 0.12 (95% CI 0.01 to 0.24). Thus, based on
the lower 95% CI gain derived from the SF-6D,
only if the mean cost was over £153 per person
would the cost per QALY estimate be above the
£20,000 threshold (153/0.01 �20,000). This is
because the CI for the SF-6D benefit is wide and
approaches 0 at the lower end. If the 95% CI is
used then only if the mean cost was in excess of
£1053 would the cost per QALY exceed the
threshold. However, another interpretation 
would be that the SF-6D was not sensitive to
changes in hearing and communication at the
activity level.

A major assumption is that the benefit seen at
3 months postintervention is maintained over 
the 6 or 9 years used in the model. Using the
current assessment tools it can be assumed that
the benefit will remain, as the questions in the
HUI3, for instance, which are responsible for the
change are rather robust, and changes in hearing
loss are slow to present (e.g. 5–10 dB per decade),
but they do and over 20 years this can be a
problem, if an appropriate reassessment protocol
is in place. It can be assumed that the overall
QALY will decrease with age and that the
contributory benefit from intervention for hearing
problems will grow provided that the hearing aids
are maintained properly, as referred to in the
follow-up study in Chapter 4. The two other
studies (strand 1, stage 4, and Barton84) also show
similar results relating to the HUI and the SF-6D
using a random sample of people and a clinical
sample of first time direct referral patients fitted
with hearing aids.

The above analysis shows that, even under what
might be deemed worst-case scenarios, it is still
estimated that the mean cost per QALY is well
below £20,000 using the HUI and is somewhat less
clear-cut at the lower end of the CI for the SF-6D
model. This beneficial situation arises because the
per-person incremental healthcare costs associated
with hearing aid provision are relatively low
compared with many other healthcare
interventions. 

Cost-effectiveness of a screening
programme
The minimum cost of a screening programme can
be derived from the first differential of the equation
in Box 1. The slope of the ROC curve at which cost
is minimised for the parameters used can be
estimated. This will depend heavily on whether the
costs of intervention are included in the estimation
or not. If the treatment costs are included, the
slope of minimal cost will be more on the left of
the ROC, so that fewer cases are identified. If the
cost of the treatment or intervention is outside the
domain of the screening programme (e.g. two
independent cost centres: public screen, private
treatment; private screen, private treatment, etc.)
then the cost is minimised by finding relatively
more cases at the cost of more false alarms. In this
case the slope is lower and the best point on the
ROC to minimise cost is to the upper right.

Sensitivity, FAR, criterion used and
average cost over 10 years
Tables in Appendix 9 show for each outcome
criterion the screen performance for each of the
possible single-stage screens and two-stage screens.
The parameters shown in the tables are:

● sensitivity of the screen (sen) 
● false alarm rate (fa) 
● d� (dprime) 
● estimated criterion used (crit) 
● overall average cost including treatment over

10 years (cost.avg)
● slope of the ROC curve at which the costs are

minimised (cost.slope)
● cost of the screening component alone

(cost.sc.avg)
● slope of the ROC curve at which the screening

costs are minimised (cost.sc.slope). 

The major elements of the data are abstracted and
presented as figures so that general messages can
be seen.

In Figure 59 the one-stage screen performance of
the questions without an audiometric test is shown
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using, for example, the better ear average of at
least 35 dB HL criterion. Each point shows the CI
for its two dimensions. Two major features are
readily apparent:

● there is a high FAR for the simple criteria
associated with Q1 or with the combinations
(e.g. Q1 or Q2), but high sensitivity 

● for the more stringent questions there is a lower
FAR but lower sensitivity (i.e. the yield of actual
hearing impairment cases will be lower).

Sensitivity has a CI of about 10% and FAR slightly
less, so only gross differences are significantly
different.

Figure 60 shows the same data for a single-stage
screen using a simple audiometric screen (costing
about £6 with low-cost equipment). Using the
same criterion, the range of sensitivity (or yield) is
more compressed, which is much better, and the
FARs are in the range 10–20%, which is much
more acceptable. Picking out one point on the
graph, the steady-state 3 kHz 35-dB HL tone has
about 88% sensitivity and 10% FAR. The
equivalent warble tone is about 6% lower in
sensitivity and a few per cent higher in FAR.

Considering the average costs of screening alone
with no treatment costs for the single-stage
audiometric screen, Figure 61 shows the plot of
screen cost versus sensitivity (or yield). This shows
that for those screens in the region of 90%
sensitivity for the 35-dB HL hearing loss criterion,
the steady-state 3-kHz, 35-dB HL tone has a
minimum cost at about £13 per person screened
(per respondent of the systematic screen).

This approach and these results indicate that the
best fit screening programme would use:

● patient-reported concern (Q1 or Q2) 
● and a 3-kHz 35-dB HL steady-state audiometric

screen on both ears (no responses on either ear).

(Note that this is not equivalent to a hearing
threshold of 35 dB HL, but is more equivalent to
40 dB HL at 3 kHz, owing to the protocol used to
determine hearing thresholds.)

This screening programme can be typified as an
ROC plot, shown in Figure 62, where each point
represents a different outcome. It is clear from this
figure the point where there is a significant
difference between the criteria, with the criterion

Performance of different options for screening for the ability to benefit from intervention for hearing problems

130

0 0.1 0.2 0.3 0.4 0.5

FAR

0.2

0.4

0.6

0.8

1.0
Se

ns
iti

vi
ty

cq1

cq2

cq3q4

c2q3q4

cmaxq34

c2maxq34

chear

c2hear

cq12

cq1or2

FIGURE 59 Sensitivity and FARs, with 90% CI, for all age groups for a one-stage screen with different first questionnaire stage shown.
Criterion is BEA threshold at 0.5, 1, 2 and 4 kHz of 35 dB HL or more. Note large FAR. 



Health Technology Assessment 2007; Vol. 11: No. 42

131

© Queen’s Printer and Controller of HMSO 2007. All rights reserved.

0 0.1 0.2 0.3 0.4

FAR

0.6

0.7

0.8

0.9

1.0

Se
ns

iti
vi

ty

crLW4K45

crLW4K40

crLW4K35

crLW3K40

crLW3K35
crLW3K30

crLS4K45

crLS4K40

crLS4K35

crLS3K40

crLS3K35 crLS3K30

cwarble

csteady

cscr3540

FIGURE 60 Sensitivity and FARs, with 90% CI, for all age groups for a one-stage screen with different audiometric screen as first
stage shown. Criterion is BEA threshold at 0.5, 1, 2 and 4 kHz of 35 dB HL or more. 

0.7 0.8 0.9 1.0

Sensitivity

11

12

13

15

16

14

A
ve

ra
ge

 s
cr

ee
ni

ng
 c

os
t (

£)

W4K45

W4K40

W4K35

W3K40

W3K35

W3K30

S4K45

S4K40

S4K35

S3K40

S3K35

S3K30

cwarble

csteady

cscr3540

FIGURE 61 Average screening cost (excluding 10-year treatment costs) as a function of sensitivity for all age groups for a one-stage
audiometric screen with different first stage shown. Criterion is BEA threshold at 0.5, 1, 2 and 4 kHz of 35 dB HL or more. 



at 35 dB HL or more being different from the
other outcomes. This gives a sensitivity around
85% and an FAR below 10%. 

Screening with this two-stage screen for significant
benefit for speech in noise gives 50–60%
sensitivity, but about a 20% FAR. Using such a
gold standard might be thought to be valid, as the
main intention is to improve speech in noise
performance. The data here indicate that some
form of speech in noise test should be done at
assessment, which may be useful in demonstrating
benefit. This would add at least 20 minutes to the
assessment and follow-up if done thoroughly.
However, using an indirect outcome measure such
as hearing level is something that is a necessary
part of every hearing assessment (using the MHAS
patient journey), does not add to the cost and
seems to be a robust indicator of ability to benefit
from hearing aids when listening to speech in
noise.

Comparing the cost of the screen as a function of
d�, as shown in Figure 63, it is clear that, using the
two-stage screen above, the best d� is easily given
by the 35 dB HL or greater criterion at a d� of
about 2.3, with all other d� below 2. This gives the
second best cost of around £13 per person
screened. The slope of the ROC curve was

estimated for each of the outcome criteria at the
place where they fall on Figure 61 and compared
with the slope that minimises the cost when
treatment costs are excluded. If the aim is to
minimise the cost of the screen then the plot
should fall on the diagonal line in Figure 64. It is
clear that the one criterion that is close to the
diagonal is 35 dB HL or greater average.

To compare the screen strategy discussed above
with other question combinations and a fixed 
35-dB HL 3-kHz steady pure tone, Figure 65 shows
the ROC plot for each of the questions as part of a
two-stage programme. It also shows the
audiometric screen itself. From this figure it can be
seen that Q1 or Q2 combination has the best
sensitivity and a reasonable FAR. However, there
are no clear statistical significant differences within
the two groups of questions shown and there is a
lot of overlap.

Costs of screening, cost per case found and
treated
Figure 66 shows the time-discounted 9-year cost for
screen plus treatment for each of the different
questionnaire first stages as a function of
sensitivity. The 9-year cost includes three sets of
hearing aids, such as those used in the MHAS
programme, and assumes a good, quality-assured
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patient journey. This cost is close to £900. So, the
higher the yield and the better the sensitivity, the
greater the overall cost. If screening was done with
only Q1 or Q2, which has the best sensitivity, the
cost of the screen would be about £100 per case
found. 

The cost of screening is dominated by the
treatment costs, which are 90–100 times greater
than the screening costs. So, for a cohort of
436,000 people aged 60 years, if there was a take-
up of 60% for the screen then potential costs are
in the order of £25 million over 9–10 years, or an
annual discounted cost of £2.8 million per annual
cohort screened, compared with an annual budget
for adult audiological services (hearing aid
services) in England of about £108 million in
2004. If screening were extended beyond a single
cohort then it would incur greater costs.

Figure 67 shows the screening costs where the
treatment costs are paid outside of the screening
services and this gives an approximate cost
comparison. It shows a cost per person screened
of about £13.12 which, with a take-up of 60%,

gives an annual screening cost of £3.59 million
per typical cohort based on the whole age range. 

A similar plot for cost against d� is shown in
Figure 68. 

All three of these figures (Figures 66–68) also show
the costs of a one-stage audiometric screen. This
seems to give a competitive cost compared with
the two-stage screen. However, because this study
encouraged compliance and take-up of the
audiometric screen with payment of travel costs,
take-up of an audiometric screen in the real world
is likely to be lower. No incentives were offered for
completing the questionnaire, so take-up in the
study will reflect real-world take-up. However, if
the audiometric screen was as easy as the
questionnaire to administer (availability of high-
quality, low-cost instruments, easy to use, with
good information and back-up) and interpret then
this would be a good option.

Figure 69 shows the average cost of the screen
when adjusted for the population compliance
found in strand 2. It shows that for the two-stage
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screening programme, the average cost is
somewhere in the range of £8 per person
responding in the cohort, that is, adjusting for the
rate of population compliance with the screen
programme.

Accepting hearing aids as the criterion:
costing
If accepting hearing aids is taken as the criterion,
then Figure 70 shows that there is a lower d� but
lower cost for the 35-dB HL screen compared with
the 30-dB HL screen. This confirms that the 
35-dB HL screen would be more cost-effective
against the important criterion of acceptance of a
hearing aid.

Age of identification of hearing
impairment: costs and benefits
The range of ages used in the study represented
people younger than a typical hearing aid user.
There are potentially more years of ability to
benefit from amplification through hearing aids
for younger people in the sample, provided they
are going to use their hearing aids. Figure 71
shows two populations taken from the overall
group: one centred at 60 years and the other at
70 years. 

At 60 years of age it is probable that someone
could have 10–12 more years with better hearing,

whereas at 70 years, there will be fewer years of
additional benefit. There is a higher FAR for the
older group, but a higher sensitivity. The steady-
state 3-kHz 35-dB HL tone has an FAR close to
5% for the average 60 year old, and about 12% for
the older group. The sensitivity (yield) is close to
77% and 92%, respectively. 

The average cost of the screen is given in
Figures 72 and 73 as a function of sensitivity and
d�. The costs of screening are greater in the older
group, but d� is better (i.e. the screen is more
accurate). Using the 3-kHz 35-dB HL screen the
costs are in the region of £12–13 for the younger
group and £14–15 for the older group. The
overall cost including treatment is substantially
greater for the older group because the numbers
with hearing impairment are greater and so,
therefore, is the yield.

Figure 74 is similar to Figures 56–58. It shows
estimates of the performance of the steady-state 
3-kHz 35-dB HL audiometric screen, but is based
on strand 1 population data, allowing
extrapolation from the operating characteristics
explored for the specific populations seen in
strand 2 to the population as a whole.

In the ‘younger’ UK population (57–63 years) the
estimate is that 15% have 35 dB HL in the better

Health Technology Assessment 2007; Vol. 11: No. 42

137

© Queen’s Printer and Controller of HMSO 2007. All rights reserved.

1.4 1.5 1.6 1.7 1.8 1.9
d�

11

12

13

14

15

16

A
ve

ra
ge

 c
os

t o
f s

cr
ee

ni
ng

 (£
)

30

30

30

30

30

30

30

30

30

30

35
35

35

35

35

35

35

35

35

d� derived all age groups (weighted to populations at stage 1 screen)

FIGURE 70 Average cost of screening per person as a function of d� for criterion of accepting hearing aids as a function of screening
audiometry at 30 or 35 dB HL following a questionnaire sieve (different points represent different questions)



Performance of different options for screening for the ability to benefit from intervention for hearing problems

138

57–63 years
67–73 years

Age group

0.05 0.10 0.15 0.20 0.25

FAR

0.6

0.7

0.9

0.8

1.0

Se
ns

iti
vi

ty

S4K45

S4K40

S4K35

S3K40

S3K35

S3K30

cwarble

csteady

r3540

S4K45
S4K40

S4K35

S3K40

S3K35 S3K30

cwarble

csteady

r3540

FIGURE 71 Sensitivity against FAR for the 57–63 and 67–73-year age groups only for a two-stage screen with Q1 or Q2 as the first
criterion and screening audiometry as the second stage using a steady pure tone at 3 and 4 kHz and levels of 30, 35, 40 or 45 dB HL.
Average warble and steady pure tone are also given. Criterion is BEA threshold at 0.5, 1, 2 and 4 kHz of 35 dB HL or more. 

0.7 0.8 0.9

Sensitivity

12

13

14

15

16

17

A
ve

ra
ge

 c
os

t o
f s

cr
ee

ni
ng

 p
ro

gr
am

m
e 

(£
)

S4K35

S4K45

S4K40

S4K35

S3K40

S3K35

S3K30

cwarbler3540

S4K45

S4K40

S3K40

S3K35

S3K30

cwarble csteady

r3540

57–63 years
67–73 years

Age group

csteady

FIGURE 72 Average screen cost as a function of sensitivity for the 57–63-year age group only for a two-stage screen with Q1 or Q2
as the first criterion and screening audiometry as the second stage using a steady pure tone at 3 and 4 kHz and levels of 30, 35, 
40 or 45 dB HL. Average warble and steady pure tone are also given. Criterion is BEA threshold at 0.5, 1, 2 and 4 kHz of 35 dB 
HL or more. 



ear, of whom 13% do not have a hearing aid. A
hearing level of 35 dB is a significant loss, and if
more of this group could be identified through
screening and accepted the offer of a hearing aid
and used it this would be an important benefit
and improvement on the current situation. What
would be the cost of screening targeted on this age
group and this cut-off of 35 dB HL?

Figure 74 shows that 27% of the whole age group
57–73 years would reach the criterion of 35 dB HL
in the better ear. Of this 27%, 24% do not already
have hearing aids (i.e. one in four of the
population aged 57–73 who reach the criterion of
having 35 dB HL hearing impairment does not
have a hearing aid). More men than women have
35 dB HL and do not have a hearing aid. 

A screen that achieved 80% sensitivity in this
younger group of 57–73 year olds would equate to
about 10% of the 13% who are in the target group
of 35 dB HL being identified by the screen; that
is, one in ten of the age group. 

Table 52(a) shows that 13% of the population to be
screened in the age group 55–74 years would be in
the category 35 dB HL or above.

Assuming a 60% uniform take-up, about 7% of the
age group with 35 dB HL would be found by
screening. A two-stage screen using Q1 or Q2 with
the steady pure tone at 3 kHz 35 dB HL would
potentially yield 6% of the 7% in the population
accepting hearing aids. Of these acceptances, 10%
would be at least 35 dB HL in both ears and 6%
would have hearing loss less than 35 dB HL in the
better ear, but all would be greater than 35 dB HL
in the worse ear. 

These figures are calculated given the actual take-
up in strand 2 and therefore may be optimistic
because of payment of taxi fares to attend the
assessment sessions (which has added about 10%
to the costs of service provision). For costs to be
estimated accurately, the protocol following the
screen would need to be clear about who should
be offered the intervention of hearing aids. As
Table 52(b) shows, in the age range 55–74 years
from strand 2, the upper estimate of those aided is
8.9% but the lower estimate is 4.6%, and the
actual take-up and acceptance within this range
will have a large impact on costs. 

The NSH and the postal survey in strand 1 both
estimate 5.7% as the proportion aided in the
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TABLE 52 (a) Percentage of people aged 55–74 years who would be identified by different criteria and the estimate of achievable aid
use in the population if take-up of the screen is 60%;a (b) estimated percentage aided in this study and the NHS; (c) estimated
percentage of the population who have hearing in excess of 35 dB HL and who are not already in possession of hearing aids 

% of those who 90% CI % in population n

took up screen if 60% take-up

(a) Criterion (better ear)
20+ dB HL 29 25 to 34 18 306
25+ dB HL 23 19 to 27 14 306
30+ dB HL 17 13 to 21 10 306
35+ dB HL 13 9 to 15 7 306
40+ dB HL 8 6 to 11 5 306
45+ dB HL 4 2 to 5 2 306

Two-stage screen 35 dB 3 kHz 19 15 to 22 11 305
Accept aid after two-stage screen 16 13 to 20 10 305
Accept aid after two-stage screen and 35+ dB HL 10 7 to 12 6 305
Accept aid after two-stage screen and <35 dB HL 6 4 to 8 4 305

but worse ear 35+ dB HL

% aided

(b) Percentage aided
% aided in age category who responded 8.9
% aided in age category who responded who were sent questionnaires 4.6
Postal, strand 1, stage 1 5.7
NSH 5.7

35+ dB HL No aid and Population estimate 
35+ dB HL of no aid and 35+ dB HL

(c) Percentage with no aid
NSH 16.7 12.2 11.5
Strand 1, stage 3 14.0 10.5 10.0
Strand 2 12.5 11.25

a This table combines data from strand 1 for the population prevalence and strand 2 for take-up and the performance of the
two-stage screen.



population of this age. Thus, if the estimate of
aiding was 16% (10% were �35 dB HL) then the
aided population in this age range would at least
double if a screening programme had this yield.
The provision of hearing aids would be more
equitable in this age range with respect to need
that can be readily met, as shown in Table 50.
Table 52(c) shows the degree of unmet need
derived from three independent studies, estimated
at 10–11.5%. 

Table 53 shows the costs and utility for eight
different scenarios.

The cost per QALY gained was calculated for
those patients in strand 2 who accepted and used

hearing aids after a questionnaire stage 1 screen
and audiological assessment. The overall group is
shown, along with a proposed target group who
would have an average better ear hearing
threshold in excess of 35 dB HL (0.5, 1, 2 and
4 kHz). Assumptions are made as to whether costs
are incurred over a 6- or 9-year period before
intervention as if there had been no screen. The
data show current national average unit costs for
NHS hearing aids (two assumed in 80% of
patients) and service provision. Maintenance is
assumed to cost the same as initial provision every
3 years. The costs of screening are either not
accounted for or accounted for in relation to the
cost of screening to find one case (assumed to be
different for the two different criteria at
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TABLE 53 Cost per QALY gained for those patients in strand 2 who accepted and use hearing aids after a questionnaire stage 1
screen and audiological assessment; the overall group is shown along with a group who would have an average better ear hearing
threshold in excess of 35 dB HL (0.5, 1, 2 and 4 kHz)

(a) Compared with no intervention, and assumption of being picked up 9 years later
Nine-year health cost and cost per QALY for all who accepted amplification and a target subset of those whose better ear
hearing impairment was 35 dB HL or greater

9 years (all) 9 years (35+ dB HL)

QALY measure HUI SF-6D HUI SF-6D

Healthcare costs of amplification £733 £733 £733 £733
QALY gain 0.56 0.12 0.79 0.12

Cost per QALY £1308 £6208 £931 £6208

Healthcare costs of amplification and screening 807 807 850 850
(including not aided group)

QALY gain 0.56 0.12 0.79 0.12
Cost per QALY £1441 £6724 £1076 £7085

(b) Compared with no intervention, and assumption of being picked up 6 years later
Six-year health cost and cost per QALY for all who had amplification and those whose better ear hearing impairment was
35 dB HL or greater

6 years (all) 6 years (35+ dB HL)

QALY measure HUI SF-6D HUI SF6D

Healthcare costs of amplification £513 £513 £513 £513
QALY gain 0.39 0.08 0.55 0.08

Cost per QALY £1315 £6413 £933 £6413

Healthcare costs of amplification and screening £587 £587 £630 £630
(included not aided group)

QALY gain 0.39 0.08 0.55 0.08
Cost per QALY £1504 £7333 £1145 £7875

Assumptions are made as to whether costs are incurred over (a) a 9-year or (b) a 6-year period before intervention if there
had been no screen. The data show 2005 average national unit costs for NHS hearing aids (two assumed in 80% of
patients) and service provision. Maintenance is assumed to be equal to the cost of replacement aids every 3 years. The costs
of screening are either not accounted for or accounted for in relation to the cost of screening to find one case (assumed to
be different for the two different criteria at ~£73 or ~£117 per case), at a cost equivalent to a two-stage screen using a
steady-state tone at 35 dB HL 3 kHz and Q1 or Q2 criteria for the first stage of the screen.



appropriately £73 or £117 per case), at a cost
equivalent to a two-stage screen using a steady-
state tone at 35 dB HL 3 kHz and Q1 or Q2
criteria for the first stage of the screen. The costs
of a one-stage screen using a simple steady-state 
3-kHz pure tone at 35 dB HL would be similar, if
the assumptions made above are true concerning
the cost of equipment and cost of time for
screening.

Two different utility measures are derived, one
from the HUI and one for the SF-6D. 

● HUI showed a statistically significant benefit for
the patients, which was greater for those who
met the 35-dB HL criterion.

● SF-6D showed a benefit that was small and on
the margins of statistical significance and was
not statistically significantly different between
hearing level groups. 

The answers given by the two measures differ
substantially, but both appear to be well within the
region of acceptability. Discounting was performed
at the standard rate for the costs and benefits. It
was considered that the benefits could have
accumulated for 9 years (e.g. at the age of
63 years) or 6 years (e.g. at the age 66 years)
before the individual may have had the
intervention without screening (with probability
<0.3). This is not an unreasonable assumption. If
one considers the whole group then the cost per
QALY was about £1441, including all screening
costs, using the HUI estimates and £6724 using
the SF-6D. If one considers someone who has a
BEA threshold of at least 35 dB HL then these
costs are reduced to approximately 75% of the
original level. If one considers a 6- as opposed 
to a 9-year period the cost per QALY only
increases by about 4% (as treatment cost now 
only contributes for one reassessment rather 
than two, etc.).

If one only considers 3 years, the cost per QALY
as indicated by the HUI is £2046 (i.e. only one set
of hearing aids in 3 years) and at the limit of
1 year the cost per QALY would be £6522 (similar
costs, less cumulative utility). Comparable figures
using the SF-6D are £9465 and £25,625. Even at
these short-term levels the intervention for
hearing impairment would appear to be well
within the region of acceptability. The SF-6D
outcome measure does not appear to be very
sensitive to hearing problems or interventions, but
this measure can be used to calculate that if the
intervention is accepted and used, and benefit
gained at the average rate, then even use for

17–18 months will give a cost per QALY below
£20,000. The great variation obtained with
different instruments was shown by Barton and
colleagues.84 Hearing and communication were
not the driving forces behind constructing these
instruments. However, hearing and
communication are central to maintaining a
quality family life and a productive work life. It
should be a priority to develop appropriately
validated measures to ensure that no undue
discrimination in provision of hearing healthcare
occurs on the basis of poor quality of life
instruments. Clearly, in this respect the HUI is to
be preferred, but it is still relatively crude in
reflecting the quality of spoken communication
compared with the HEAR instruments used in this
study. The great variation between the two
measure counsels against detailed sensitivity
analysis, given the major variations in screening
parameters, are shown here and instead the CI
advocated by O’Brien and colleagues90 has been
adopted, as explained above.

Combining the analyses: extent to
which the hearing-impaired population
may benefit from amplification and
hearing aid provision 
In this section, the analyses conducted so far are
combined to understand the extent to which the
hearing-impaired population can benefit from
screening and provision of hearing aids. The
previous sections have come to the conclusion that
a screening programme that targeted substantial
hearing problems, where the benefits are
absolutely indisputable in the hearing domain,
would aim to identify people who were bilaterally
impaired at around 35 dB HL averaged over the
mid-frequencies of hearing. This sort of screen will
mainly identify those with a moderate or worse
hearing impairment at the high frequencies. This
is a substantial burden.

To illustrate how the underlying distribution of
hearing impairment may vary in different
subpopulations relevant to screening, the
distribution of the BEA threshold (0.5, 1, 2 and 4
kHz) is shown in Figure 75. This shows that those
who were already aided in the NSH and already
aided in the NHS (post-MHAS) are similar, with
the new patients having a distribution showing
milder hearing impairment with a median at
around 40 dB HL (these are people who may have
had 12 or more years of hearing impairment
without intervention). Those who would have been
identified by a two-stage screen show close
agreement to current new patients, as do those
who got material and statistical individual benefit
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in strand 2 for the FAAF test using SN. The
samples used in the strand 1 and strand 2 studies
are shown to be less impaired and were therefore
good samples in which to examine the extent to
which the population might benefit from
amplification and hearing aid provision in
general, and where the best criterion might be to
identify a specific target group to benefit from
intervention following screening. 

From this, it is clear that the proposal for a two-
stage screen (or a single-stage screen) will yield a
group that has the appropriate characteristics.
These people would gain significant benefit, use
their aids, and gain many added years of
amplification through being fitted with hearing
aids several years before they may have otherwise
done so, because the increase in prevalence of
35 dB HL or greater by age group far outweighs
the incident referral rate for first time patients
who would benefit from hearing aids. 

Strand 1, the population study, stage 2, shows that
the increase in prevalence for 5-year age bands for
at least 35 dB HL is 4, 7, 15, 25% (similar to the
NSH), while that for the use of hearing aids is 5,

2, 6, 9%. Therefore, there does not seem to be
compelling evidence from this source that those
identified by the screen would have been picked
up by the hearing aid service earlier anyway.
Indeed, there seems to be compelling evidence
that there is considerable need for a screen to
meet unmet need. The model shown here is
therefore highly conservative in showing the
benefits overall, as it assumes that all hearing-
impaired people are identified and would be fitted
with hearing aids at about 72 years of age.

Summary
Current unmet need resulting from hearing
impairment is substantial in the 55–74-year age
group, probably around 15% of the population.
The numbers affected will increase until at least
2015 because of the ageing demographic profile
of the population. This study and other work82

show the large impact of hearing impairment on
the individual and the family.

The performance (operating characteristics) of
different screen combinations, one-stage and two-
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stage, were calculated on the basis of strand 1 and
2 data, with some input from strand 3 addressing
issues of compliance. A two-stage systematic screen
using Q1 or Q2 as the first stage, and screening
audiometry at 35 dB HL at 3 kHz with a steady-
state pure tone is potentially the most cost-
effective and acceptable screening programme,
with the criterion being set at 35 dB HL or above
for the target group. The operating characteristics
are estimated at about 88% sensitivity, 8% FAR
and 36% positive predictive value. If a one-stage
audiometric screen were practicable it would have
better sensitivity, slightly higher FAR and lower
positive predictive value (28%).

The present 5–6% take-up and use of hearing aids
would be increased substantially by possibly 10% to
15–20% through a screening programme to meet
the current unmet need. The intervention for the
unmet need gives great benefit to the individuals
and substantially increases their quality of life in a
cost-effective manner; the cost per QALY could
easily be around £1000 for 9 added years of
hearing aid use. (This is conservative because with
only one in three of the hearing impaired having
their hearing assessed ever currently, for three
typical 65 year olds with hearing problems for
whom the Treasury predict 16 years’ life
expectancy, the additional expected gain could be
9 + 16 + 16 = 41 years of enhanced quality of life
through screening = 2.55 QALY at a cumulative
cost over 16 years of about £1000 per QALY.)

The screen would be best (i.e. would minimise cost
per QALY) targeted at the younger age groups, for
example 60–62 years of age, where the potential
benefit from screening is greatest because of the
added number of years gained with amplification.
For an annual cohort of people such a screen
would cost in the region of £3–4 million per year,
but would probably result in activity reductions in
10–20 years’ time while giving significant benefit
to the individuals concerned.

Targeting a screen at younger people would
minimise costs and would have the best long-term
effects in terms of activity, participation and
independence. This does not mean that it does
not impart substantial clinical benefits to have a
screening programme and intervene at any age.
As derived above, even 18 months use of a
hearing aid falls below the £20,000 per QALY
threshold and the expense is equivalent to less
than a week in sheltered care. Therefore, if even a
few such days are avoided this may give a return
on investment. However, there is need to collect
the appropriate data to substantiate this proposal
(i.e. that hearing aid use protects against need for
sheltered care).

Considering a screen at 60 years of age, as hearing
changes by about 5–10 dB per decade in the 
3-kHz region of the cochlea, it may be worth
screening at intervals of 10 years after an initial
programme has proved to be successful.

Performance of different options for screening for the ability to benefit from intervention for hearing problems
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About 12% of people aged 55–74 years have a 
hearing problem that causes moderate or

severe worry, annoyance or upset. Fourteen per cent
have a bilateral hearing impairment of at least 
35 dB HL, with only 3% currently receiving
intervention, through the use of hearing aids. This
level of hearing impairment has been shown to be
equivalent to chronic pain such as that from a
slipped disc in terms of how patients would rank
their symptoms and effects on their life. These
hearing problems, which mainly affect ability to
hear speech in noise, have a mean reported
duration of about 10 years in those who have not
received hearing aids. Over 90% of people
interviewed felt that hearing screening was
acceptable, especially if associated with the GP’s
practice. 

Good amplification was shown to benefit about
one in four of this 55–74-year-old population and
the degree of hearing loss predicted benefit
accurately. In a population intervention trial with
a single hearing aid, less benefit was received on
this test when measured in real-world situations
than in the laboratory. However, there was a strong
correlation between benefit from amplification
and that from using hearing aids.

Questionnaires and audiometric screens gave 
good performance ROC curves, whereas
otoacoustic emissions and speech in noise tests
were not as good. Sensitivity for a two-stage
questionnaire and audiometric screen was close 
to 90%, with an FAR close to 10% and a PPV at
about 30%.

One- and two-stage screening programmes were
examined in the context of systematic and
opportunistic screening programmes. The
systematic screening programme was more
acceptable and gave a better response. The 
offer of two hearing aids was accepted by about
70% of those who were offered an aid, which
increased to 95% for those with at least 35 dB 
HL. There were significant and substantial
benefits in terms of hearing in noise (>1 SD
benefit), domain-specific questionnaire outcomes
(>1 SD benefit) and health utility (HUI3, 0.4 SD
benefit) from amplification for this target group
(�35 dB HL). 

The case–control study showed that long-term
hearing aid use was low, unless hearing
impairment was quite high (e.g. �35 dB HL).
Those identified early had greater benefit than
those of the same age and hearing impairment
who were fitted with hearing aids later. 

The best screen judged in terms of d� and cost for
this target group was two questions and a hearing
screen using a pure tone at 3 kHz 35 dB HL. The
average cost of the screening programme was
estimated as £13 per person screened or about
£100 if treatment costs were included.

The benefits and costs were assessed using the
HUI and SF-6D. With identification giving 9
additional years using hearing aids (average gain
if identified earlier, i.e. 63 rather than 72 years of
age), the 9-year costs of screening and
intervention were in the range of £800–1000 per
QALY. However, at any age in these groups there
would be substantial benefits of screening and
providing hearing aids, which would be cost-
effective if use exceeded 18 months.

Conclusions
Hearing impairment in adults is a highly
prevalent major public health problem which is
often left too late before access to services is
achieved.

One in ten people aged 55–74 years is
substantially impaired (�35 dB HL) but has not
received help and would greatly benefit from
referral for assessment of hearing and possible
intervention using hearing aids. Lack of
intervention impacts on activity and causes
substantial handicap in older people.
Amplification gives significant benefit to these
people. This benefit can be realised by provision
of good-quality, acceptable hearing aids to people
with this high degree of need.

A simple systematic screen has been shown to be
acceptable to people in the age range 55–74 years
and provides measurable and lasting benefits 
(at reasonable costs) for those in the target 
group who proceed to the Do Once and Share
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(DOAS: www.mrchear.info/doas) patient journey.
This study used small ITE hearing aids in a
service development and research setting. New
developments in open-ear DSP hearing aids,
which are targeted at this age group in particular,
would probably be equally acceptable to patients.

Such a screening programme meets the NSC’s
screening criteria in almost all respects, provided
screening is targeted at those with at least 35 dB
HL better ear average (0.5, 1, 2 and 4 kHz). All
age ranges may benefit, but concentrating on the
younger age range would give greater benefit and
cost-effectiveness. This is where the additional
benefits (e.g. from 10 years’ earlier identification)
are more likely to be found and will potentially be
compounded in later life.

Recommendations for research
Prospective RCT study of one and 
two-stage hearing screen to identify
bilateral 35 dB HL hearing impairment,
or poorer, in 60–70-year-old people and
intervene in a PCT setting using
current NSH hearing aids (BTE)
The current study examined a wide range of
hearing screening technologies and a large
number of one- and two-stage screen programmes.
It was found that the best potential screen is a two-
stage screen using a five-question questionnaire
(Appendix 6) and a simple audiological screen at
35 dB HL with a 3-kHz pure tone. The
experimental screening programme was used in a
number of GPs’ surgeries in a clinical effectiveness
study for research purposes using people aged
55–74 years. This was a good way to look at a
large number of alternatives and their benefits
and costs. The next stage in the ‘research into
practice’ loop is to use the best one- and 
two-stage screen without incentives for participants
to attend the clinic and across a wider setting. 

Modelling of different screening
programmes, their cost-effectiveness
and budget impact 
The current research has found a range of hearing
impairments that can be detected by one- and two-
stage screening programmes. Domain-specific
benefit is clearly related to hearing impairment,
but it is not clear how that translates into quality of
life benefit or indeed financial benefit. There is a
need to model the societal, healthcare and
personal impact as a function of different forms of
hearing impairment and different age groups for a
variety of screening and service programmes.

Development and trial of simple, 
low-cost audiometric screen device 
At the outset of the research project the device
used for audiometric screening turned out 
not to be a very good device for the task. 
However, there may soon be better devices 
on the market that will be cheap and can easily be
configured to use the protocol developed herein.
If such devices can be developed in the near
future they will need to be trialled to see how 
well they work in the intended primary care
context. It could be that a single-stage audiometric
screen could be used if the devices were accurate,
reliable and valid, as well as cheap enough 
to buy for many thousands of primary care
workers. (The 18-week wait programme and
physiological measurement development sites 
are currently assessing different ways of evidence-
based best practice in meeting the need within 
the population by using a screening test 
technique on those who present with hearing
difficulties, to explore whether more uniform
referral patterns can be maintained, so any trial
proposed here should be done in the light of
other work in this area.)

Prospective pilot of hearing screen
triage to identify people who should 
be referred for and could benefit 
from audiological assessment and
provision of hearing aids in a PCT
setting
The current work has shown a large range of
referral practices across the country for a given
level of reported disability or for a given level 
of hearing impairment on the better hearing ear.
It has also shown that those who do not respond
to a 35-dB HL 3-kHz steady pure tone do 
accept intervention and benefit substantially in the
short and long term. Such intervention is highly
cost-effective. The current methods were
developed primarily for the 55–74-year-old age
group, but should be piloted for use in primary
care settings to enable better opportunistic (and
systematic) referral for audiological assessment. As
audiology has one of the longest waiting lists for
assessments, uniform referral, as well as more
appropriate local assessment, needs to be piloted
as a matter of urgency. A further logical step
would be an evaluated trial of commissioning a
screen or triage with audiological assessment,
which could be done in people’s homes, at other
local facilities, such as libraries, or in public sector
accommodation, depending on local
arrangements. This study provides the rationale
and some of the tools to put such pilot schemes
into place.
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Trial of a Hearing Direct, telemedicine,
alternative to the questionnaire and
low-cost audiometric screening device
The MHAS programme showed that quality
audiological services for hearing-impaired people
could be delivered and give substantial benefits to
patients. One of the major contributors to the
increased benefits was the introduction of the
national patient journey. However, using the
patient journey created a capacity gap in some
services. Hearing Direct reduced that gap by
providing a central service to follow up patients
and pinpoint their continuing needs, and to
evaluate the outcome for those patients. Hearing
Direct is run through NHS Direct and also runs a
help service for patients who use hearing aids. 

The evaluation of these services shows that they
deliver improved services as well as help to meet
the capacity gap. Hearing Direct could run a
screening service in systematic or opportunistic
mode. If in the former, it could schedule to
telephone on behalf of the PCT, people aged 60,

for example, to ask the five screening questions,
undertake a hearing screen over the telephone or
schedule a hearing screen at a local GP’s surgery.
Such a method could be feasible. A proposed trial
would look at the scale and type of input that
Hearing Direct or a local equivalent may have for
a PCT that wanted to contract out the hearing
screening function.

Workforce review
Introducing a screen for early identification of
hearing impairments would certainly change the
character of the referrals from GPs over time. An
organisational research review is needed to
estimate the impact of introducing the screen on
the audiological workforce in general and to look
at the workforce requirements for different levels
of staff to assist patients through the patient
journey (e.g. for all components of the patient
journey) if the screen became widespread across
PCTs. Such a review could be carried out
alongside an RCT or evaluated screening pilot
programme.
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Appendix 1

Strand 1 – stage 1: postal questionnaire ENT survey 
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Person 1 Person 2 Person 3 Person 4 Person 5

Q2. PLEASE WRITE IN YOUR INITIALS      

Q3. Do you have any difficulty 
with your hearing? No

Yes

( ) ( ) ( ) ( ) ( ) 08

1

2

Q4. Do you find it very difficult to follow 
a conversation if there is 
background noise (such as TV, 
radio, children playing)? 

No

Yes

     09

1

2

Q5. 

a) 

How well do you hear someone talking 
to you when that person is sitting… 
…on your RIGHT SIDE  in a quiet room?

With no difficulty 

With slight difficulty 

With moderate difficulty 

With great difficulty 

Cannot hear at all 

     

10

1

2

3

4

5

b) …on your LEFT SIDE in a quiet room?

With no difficulty 

With slight difficulty 

With moderate difficulty 

With great difficulty 

Cannot hear at all

11

1

2

3

4

5

Q6. 
a) 

Do you have difficulty... 
...following TV programmes at a volume 
others find acceptable, without any aid 
to hearing? 

No

Yes, slight difficulty 

Yes, moderate difficulty

Yes, great difficulty

    12

1

2

3

4

b) ...having a conversation with 
several people in a group? 

No

Yes, slight difficulty

Yes, moderate difficulty

Yes, great difficulty

     13

1

2

3

4

NOTE: For persons who normally use a hearing 
aid, questions 2-8 should be answered as 
if they were NOT using an aid. BEFORE YOU START

AA

Card 2Card 1 Card 4Card 3 Card 5
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PLEASE WRITE IN YOUR INITIALS      

Q7. Do very loud sounds annoy you? 

Not at all 

Slightly 

Moderately

Severely

( ) ( ) ( ) ( ) ( ) 14

1

2

3

4

Q8. Nowadays, how much does any difficulty 
in hearing worry, annoy or upset you? 

Do not have hearing difficulty

Not at all annoying 

Slightly annoying 

Moderately annoying 

Severely annoying

     
15

1

2

3

4

5

Q9a) Nowadays, do you usually  
wear a hearing aid?                                 No

No, but have tried one 

Yes, some of the time 

Yes, most of the time

     
16

1

2

3

4

b) Did you get your hearing aid… 

Not applicable

Free through the NHS

Privately, paying for it

17-18

1

2

3

Q10. Have you ever had an ear operation? 

TICK ALL 
No

Yes - as a child (under 16 years)

Yes - as an adult (16 years or older)

    

Q11. In the last 12 months have you had 
discharge of blood or pus, or smelly 
discharge (not wax) from either ear? 

No

Yes

     

Q12. Did any of your parents, children, brothers 
or sisters have great difficulty in hearing
before the age of 55 years? 

No or Don’t know

Yes

22

1

2

TICK ALL 
THAT APPLY

19-20

1

2

3

21

1

2

BB

 
Person 1 Person 2 Person 3 Person 4 Person 5

           

Card 2 Card 3 Card 4 Card 5 Card 6
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PLEASE WRITE IN YOUR INITIALS 
     

Q13.
a) 

Nowadays, do you ever get noises in your 
head or ears (tinnitus) which usually last 
longer than five minutes?

No, never 

Some of the time 

Most or all of the time 

( ) ( ) ( ) ( ) ( )

b) Nowadays, how much do these noises 
worry, annoy or upset you when they are 
at their worst? 

Do not get noises in head or ears 

Not at all annoying 

Slightly annoying 

Moderately annoying 

Severely annoying

c) Nowadays, how much do these noises 
affect your ability to lead a normal life? 

Do not get noises in head or ears 

Not at all 

Slightly 

Moderately 

Severely

     25

1

2

3

4

5

Q14. 

a) 

In the last 12 months have you had… 

… a spell where you have had a blocked 
nose every day for more than 14 days 
in a row?

No

Yes 

     26

1

2

b) … a spell where you have had a runny  
     nose or mucus running down the back   

of your nose for more than 14 days in a  
row?

No

Yes 

     27

1

2

c) … sneezing bouts (with at least 6 sneezes 
together) every day for more than 14 
days in a row?

No

Yes 

     28

1

2

d) …hayfever?
No

Yes

     

CC

23

1

2

3

24

1

2

3

4

5

29

1

2

 
Person 1 Person 2 Person 3 Person 4 Person 5

Card 2 Card 3 Card 4 Card 5 Card 6
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PLEASE WRITE IN YOUR INITIALS      

Q15. In the last 12 months, how much have ANY 
problems with your nose worried, annoyed or 
upset you? 

Do not have any nose problems 

Not at all annoying

Slightly annoying

Moderately annoying

Severely annoying

( ) ( ) ( ) ( ) ( ) 30

1

2

3

4

5

Q16. Have you ever had a nose operation? 
No

Yes

31

1

2

Q17. 

a) 

In the last 12 months,  have you had any of 
these problems with your speaking or singing 
voice that lasted for more than 14 days in a 
row? 
… hoarseness or croakiness of the voice? 

No 

Yes

     32

1

2

b) … loss or weakness of the voice?  No 

 No 

Yes
     

33

1

2

c) … any other abnormal change in the sound 
of the voice such as  deepening or 
unstable pitch (tone of the voice)? 

Yes

     
34

1

2

Q18. In the last 12 months, how much has ANY voice 
problem worried, annoyed or upset you? 

 Do not have any voice problems 

Not at all annoying

Slightly annoying

Moderately annoying

Severely annoying

35

1

2

3

4

5

Q19. In the last 12 months  how many times have 
you had tonsillitis or a severe 
sore throat? None

1-4 times

5 times or more

36

1

2

3

DD

Person 1 Person 2 Person 3 Person 4 Person 5
Card 2 Card 3 Card 4 Card 5 Card 6
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PLEASE WRITE IN YOUR INITIALS      

Q20. In the last 12 months, has tonsillitis or a  
severe sore throat stopped you from working 
or carrying out your normal activities for  
more than one day? No

Yes, 1-4 times

Yes, 5 times or more

     

Q21. In the last 12 months, how much has ANY 
throat problem worried, annoyed or upset 
you? 

Do not have any throat problems

Not at all annoying

Slightly annoying

Moderately annoying

Severely annoying

( ) ( ) ( ) ( ) ( )

38

1

2

3

4

5

Q22. Have you ever had an operation to remove 
your tonsils? 

No

Yes - as a child (under 16 years)

Yes - as an adult (16 years or older)

    39

1

2

3

Q23. 

a) 

Have you ever suffered from. .. 

.... attacks of dizziness in which things seem 
to spin around you?

No

Yes, within the last year

Yes, more than 1 year ago

    40-41

1

2

3

b) ... unsteadiness, lightheadedness or feeling 
faint? 

No

Yes, within the last year

Yes, more than 1 year ago

     
42-43
1

2
3

c) ... attacks of dizziness in which you seem to 
move? 

No

Yes, within the last year

Yes, more than 1 year ago

    
44-45
1

2

3

TICK ALL THAT 
APPLY

TICK ALL THAT 
APPLY

TICK ALL THAT 
APPLY

37

1

2

3

Person 1 Person 2 Person 3 Person 4 Person 5
Card 2 Card 3 Card 4 Card 5 Card 6
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PLEASE WRITE IN YOUR INITIALS      

Q24. Nowadays, how much does the dizziness or 
unsteadiness worry, annoy or upset you?

Do not have problems with dizziness or 
unsteadiness

Not at all annoying

Slightly annoying

Moderately annoying

Severely annoying

46

1

2

3

4

5

Q25. Has dizziness or unsteadiness ever stopped 
you working or carrying out your normal 
activities for more than one day? 

No

Yes, for 1 day or more, but less than 1 week

Yes, for 1 week or more, but less than 1 month

Yes, for 1 month or more

( ) ( ) ( ) ( ) ( )

47-49

1

2

3

4

Q26. 

a) 

In the last 12 months, have you been to your 
own doctor (GP) or referred to a hospital 
about problems with … 
…your hearing?  No 

Yes, visited doctor (GP)

Yes, referred to hospital

     50-51

1
2

3

b) …noises in your head or ears?
No

Yes, visited doctor (GP)

Yes, referred to hospital

52-53

1

2

3

c) …your nose?
No

Yes, visited doctor (GP)

Yes, referred to hospital      

54-55

1

2

3

d) …your voice?
No

Yes, visited doctor (GP)

Yes, referred to hospital

56-57

1

2

3

TICK ALL THAT 
APPLY

TICK ALL THAT 
APPLY

TICK ALL THAT 
APPLY

TICK ALL THAT 
APPLY

 TICK ALL THAT APPLY

GG

Person 1 Person 2 Person 3 Person 4 Person 5
Card 2 Card 3 Card 4 Card 5 Card 6
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PLEASE WRITE IN YOUR INITIALS      

e) …tonsillitis or a severe sore throat?
No

Yes, visited doctor (GP) 1 or 2 times

Yes, visited doctor 3 times or more 

Yes, referred to hospital

58-59

1

2

3

4

f) …balance, dizziness or unsteadiness? 

No
Yes, visited doctor (GP) 
Yes, referred to hospital

     61-62

1

2

3

Q27. What best describes your main 
occupation throughout most of your life? 

Professional or managerial
Non-manual or clerical

Manual
Housewife

Student
None

Q28. 

b)

Have you ever worked in a place… 
…with a lot of dust?

No

Yes, in last 2 years

Yes, more than 2 years ago

…that was so noisy you had to shout 
to be heard?

No, never

Yes, for less than 1 year

Yes, for 1-5 years

Yes, for over 5 years

Q29. How many brothers and sisters did you 
live with during most of your childhood? 

None

One

Two

Three or more

     

TICK ALL 
THAT APPLY

TICK ALL 
THAT APPLY

62

68

1

2

3

4

5

6

TICK ALL THAT 
APPLY

63-64

1

2

3

65-67

1

2

3

4

1

2

3

4

TICK ALL THAT 
APPLY

HH

Person 1 Person 2 Person 3 Person 4 Person 5
Card 2 Card 3 Card 4 Card 5 Card 6
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PLEASE WRITE IN YOUR INITIALS      

Q30. What is your sex?                                 Male

Female

    
69
1

2

Q31. And what is your year of birth? 
       19 19 19 19

70-73

19
Q32. Please write in your full name and tel. no. 

(This information will only be made 
available to researchers at SCPR and 
researchers working on behalf of the 
Medical Research Council). 

First name
(PLEASE USE BLOCK CAPITALS)

Surname

Telephone number (including area code)

_________ 

_________ 

__________ 

_________ 

_________ 

__________

_________ 

_________ 

__________ 

_________ 

_________ 

__________

_________ 

_________ 

__________

Q33.
a) Was this column completed by 

the person named above?
Yes

No

    
74

1

2

b) If no, was the person filling it in.... 

TICK ONE ONLY a male relative

a female relative

a male friend

a female friend

75

1

2

3

4

PLEASE CHECK YOU HAVE ANSWERED ALL THE QUESTIONS. THANK YOU VERY MUCH FOR YOUR HELP

Please post this questionnaire back in the envelope provided.  (No stamp is needed)
Return to : SCPR, 100 Kings Road, Brentwood, Essex CM14 4LX 

HH

Person 1 Person 2 Person 3 Person 4 Person 5
Card 2 Card 3 Card 4 Card 5 Card 6





P1889 March 1999
MEDICAL RESEARCH COUNCIL

SURVEY OF HEARING 
Card 3
Serial

SERIAL NUMBER: 301-305
CLK

Card
306-307

Batch
TIME AT START OF INTERVIEW: : 308-312

(use 24 hour clock) 313-316

IF NECESSARY: (Thank you for filling in our questionnaire last year. We are now following up some of 
the people who took part in that study, to ask a few more questions about hearing problems and hearing 
services. Even if you have no problems with your hearing, we are still interested in your views). 

I am going to start by asking you a few questions about your hearing. If you have a hearing aid, please
answer these questions by thinking about the situation as if you were not wearing your hearing aid.

1. Do you have any difficulty with your hearing? 
Yes 1 317
No 2 

2. SHOW CARD A. Imagine that a normal young adult has a hearing ability of 100 and someone who
is totally deaf has a hearing ability of 0. I would like you to say which number best indicates the
state of your own hearing, taking your answer from the card.

WRITE IN: 318-320

3. Do you find it very difficult to follow a conversation if there is background noise such as TV, radio
or children playing?

Yes 1 321
No 2

SECTION A: YOUR HEARING

INTRODUCTION
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Appendix 2

Strand 1 – stage 2: interview schedule



4. SHOW CARD B. How well do you hear someone talking to you when that person is sitting on your
right side in a quiet room? 
Would you say you had … READ OUT

… no difficulty, 1 322
slight difficulty, 2

moderate difficulty, 3
great difficulty, 4

or would you say you cannot hear at all on that side? 5
(Can’t say) 8

5. SHOW CARD B AGAIN. How well do you hear someone talking to you when that person is sitting
on your left side in a quiet room?
IF NECESSARY READ OUT: Would you say you had… 

… no difficulty, 1 323
slight difficulty, 2

moderate difficulty, 3
great difficulty, 4

or would you say you cannot hear at all on that side? 5
(Can’t say) 8

6. INTERVIEWER CHECK Q1, Q3, Q4 AND Q5 AND RECORD

Difficulty reported at Q1 (code 1), Q3 (code 1), 324
Q4 (code 2-8), or Q5 (code 2-8)

No difficulty reported at Q1 (code 2), Q3 (code 2),
Q4 (code 1) or Q5 (code 1)

IF HAS DIFFICULTY (CODE 1 AT Q6)
7. Nowadays, how much does any difficulty in hearing worry, 

annoy or upset you? Does it worry, annoy or upset you … 
READ OUT

… severely, 1 325
moderately, 2

slightly, 3
or not at all? 4

(Varies/Can’t say) 8

ALL
8a. I would now like to ask you about specific situations where some people find hearing more difficult

than usual. Please think about any difficulties you may have in these situations due to your hearing.

SHOW CARD C. Do you have difficulty listening to the television with other family or friends when
the volume is adjusted to suit other people, without any aid to hearing? Please take your answer
from the set at the top of the card.

No difficulty 326
Only slight difficulty

Moderate difficulty
Great difficulty

Cannot manage at all
(Can’t say)

1 GO TO Q9a
2 ASK Q8b
3 ASK Q8b
4 ASK Q8b
5 ASK Q8b
8 GO TO Q9a

1 ASK Q7

2 GO TO Q8a
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IF HAS DIFFICULTY (CODE 2-5 AT Q8a)
8b. SHOW CARD C. How much does any difficulty in this situation worry, annoy or upset you? 

Please take your answer from the set at the bottom of the card.
Not at all 1 327

Only a little 2
A moderate amount 3

Quite a lot 4
Very much indeed 5

(Can’t say) 8

ALL
9a. SHOW CARD C. Do you have difficulty having a conversation with one other person when there is

no background noise, without any aid to hearing? Please take your answer from the set at the top of
the card.

No difficulty 328
Only slight difficulty

Moderate difficulty

Great difficulty
Cannot manage at all

(Can’t say)

IF HAS DIFFICULTY (CODE 2-5 AT Q9a)
9b. SHOW CARD C. How much does any difficulty in this situation worry, annoy or upset you? Please

take your answer from the set at the bottom of the card.
Not at all 1 329

Only a little 2
A moderate amount 3

Quite a lot 4
Very much indeed 5

(Can’t say) 8

ALL
10a. SHOW CARD C. Do you have difficulty carrying on a conversation 

in a busy street or shop, without any aid to hearing? (Please take 
your answer from the set at the top of the card).

No difficulty 330 
Only slight difficulty

Moderate difficulty
Great difficulty

Cannot manage at all
(Can’t say)

IF HAS DIFFICULTY (CODE 2-5 AT Q10a)
10b. SHOW CARD C. How much does any difficulty in this situation worry, annoy or upset you? (Please

take your answer from the set at the bottom of the card).
Not at all 1 331

Only a little 2
A moderate amount 3

Quite a lot 4
Very much indeed 5

(Can’t say) 8

1 GO TO Q11a
2 ASK Q10b
3 ASK Q10b
4 ASK Q10b
5 ASK Q10b
8 GO TO Q11a

1 GO TO Q10a

2 ASK Q9b

3 ASK Q9b

4 ASK Q9b

5 ASK Q9b

8 GO TO Q10a
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ALL
11a. SHOW CARD C. Do you have difficulty having a conversation with several people in a group,

without any aid to hearing? (Please take your answer from the set at the top of the card).

No difficulty 332 
Only slight difficulty

Moderate difficulty
Great difficulty

Cannot manage at all
(Can’t say)

IF HAS DIFFICULTY (CODE 2-5 AT Q11a)
11b. SHOW CARD C. How much does any difficulty in this situation worry, annoy or upset you? (Please

take your answer from the set at the bottom of the card).
Not at all 1 333

Only a little 2
A moderate amount 3

Quite a lot 4
Very much indeed 5

(Can’t say) 8

Spare
334-350

ALL
12. INTERVIEWER CHECK Q6 AND RECORD

Hearing difficulties reported (code 1) 351
No hearing difficulties reported (code 2)

IF NO DIFFICULTY (CODE 1 AT Q12)
13. Have you ever thought you had a difficulty with your hearing?

Yes 352
No

IF HAS/HAD DIFFICULTY (CODE 1 AT Q12 OR CODE 1 AT Q13)
14. Please think back to when you first thought you had a difficulty with your hearing. Were you …

… under 18, 353
or 18 or over? 

(Resp. insists no difficulty)

IF RESP. SAYS NO DIFFICULTY,
CHECK Q6 AND REMIND THEM OF
REPORTED DIFFICULTY. IF STILL

INSISTS NO DIFFICULTY, 
CODE AS 3.

1 GO TO Q31
2 ASK Q15
3 GO TO Q31

1 ASK Q14
2 GO TO Q28

1 GO TO Q14
2 ASK Q13

SECTION B: SEEKING HELP AND USING SERVICES

1 GO TO Q12
2 ASK Q11b
3 ASK Q11b
4 ASK Q11b
5 ASK Q11b
8 GO TO Q12
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IF DIFFICULTY BEGAN AT 18 OR OVER (CODE 2 AT Q14)
15. What was the first thing that made you think you had a difficulty with your hearing?

CODE ONE ONLY

Difficulty hearing people talking 01 354-355

Difficulty when people didn’t talk clearly or loudly enough 02 

Difficulty in noisy places (e.g. at work, in pubs) 03

Difficulty holding a conversation 04
(e.g. mishearing words, giving wrong answers) 04

People saying I was 04
ignoring them 05

Difficulty hearing TV 06

(Hearing loss was result 04
of illness/accident) 07

Other (WRITE IN) 08

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

16a. Have you ever been given any advice by anyone about your difficulty with your hearing?

Yes 356
No

IF HAS HAD ADVICE (CODE 1 AT Q16a)
16b. SHOW CARD D. Who did you first get advice from about your difficulty with your hearing?

CODE ONE ONLY
Family or friends 01 357-358

GP/Nurse/Other health professional 02
An organisation for people with hearing problems 02

(e.g. RNID, Hearing Concern, a helpline) 03
A private hearing aid supplier 04

Other (WRITE IN) 05

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Can’t remember 98

17. Most people have a hearing problem for a long time before they get advice about it. 
What made you get advice about your hearing problem at the time you did? 
PROBE FULLY AND RECORD VERBATIM

359-364
18. Have you ever mentioned your hearing problem to your GP? 

Yes 365
No

1 ASK Q19
2 GO TO Q23

1 ASK Q16b
2 GO TO Q29

IF RESP. GIVES ANSWER 07,
PROBE: ‘WHEN YOU HAD
THE ILLNESS/ACCIDENT,

WHAT WAS THE 1ST 
THING …’
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IF HAS MENTIONED IT TO GP (CODE 1 AT Q18)
19. On how many occasions since you were 50 years old have you been to your GP for help or advice

about your hearing problem …
Have you gone… READ OUT

… more than once, 1 366
once, 2 

or have you not gone at all? 3

20. Thinking about all your visits to your GP, how long ago was the visit which you considered to be
most helpful in doing something about your hearing problem?

Less than 6 months ago 1 367
6 months, less than 1 year ago 2

1 year, less than 3 years ago 3
3 years, less than 5 years ago 4

5 years ago or longer 5
Can’t remember 8

21. And on that visit, what recommendations did your GP make concerning your Card 4
hearing problem?
PROBE FULLY AND CODE ALL THAT APPLY

Prescribed course of drugs (e.g. antibiotics or ear drops) 01 408-417

Referral to consult a private hearing aid supplier 02

Referral to an Ear, Nose and Throat (ENT) Clinic 03

Referral to hospital Audiology Dept or 04
NHS hearing clinic to get a hearing aid 04

Wax removed at GP surgery 05

Referral to get wax removed 06

Further tests/action at GP surgery 07

GP to monitor situation 08

No recommendations/Nothing 09
could be done 09

Other (WRITE IN) 10 

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Don’t know/Can’t remember 98

22. SHOW CARD E. Overall, how satisfied were you with the GP’s approach to your hearing problem?
Please take your answer from the card.

Very satisfied 1 418
Fairly satisfied 2

Neither satisfied nor dissatisfied 3
Fairly dissatisfied 4
Very dissatisfied 5

(Can’t say) 8

EXCLUDE

WAX-SOFTENING
EAR DROPS

FROM CODE 1
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IF HAS BEEN GIVEN ADVICE (CODE 1 AT Q16a)
23. Have you been given any help or advice about your hearing problem by an Ear Nose and Throat

(ENT) clinic or an NHS hearing clinic? 

Yes 419
No

IF HAS HAD ADVICE FROM ENT/HEARING CLINIC (CODE 1 AT Q23)
24. On how many occasions since you were 50 years old have you been to an Ear Nose and Throat

(ENT) clinic or an NHS hearing clinic for help or advice about your hearing problem …
Have you gone … READ OUT

… more than once, 1 420
once, 2 

or have you not gone at all? 3

25. Thinking about all your visits to the clinic, how long ago was the visit which you considered to be
most helpful in doing something about your hearing problem? 

Less than 6 months ago 1 421
6 months, less than 1 year ago 2

1 year, less than 3 years ago 3
3 years, less than 5 years ago 4

5 years ago or longer 5
Can’t remember 8

26. And on that visit, what recommendations did the clinic make concerning your hearing problem?
PROBE FULLY AND CODE ALL THAT APPLY

Prescribed course of drugs e.g. antibiotics or ear drops 01 422-431

ENT operation 02

NHS hearing aid (a first one) 03

Replacement hearing aid 04

Repair to current hearing aid 05

Consultation with private hearing aid supplier 06

General advice on listening 07

Hearing test 08

Clinic to monitor situation 09

No recommendations/Nothing could be done 10

Other (WRITE IN) 11

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Don’t know/Can’t remember 98

EXCLUDE

WAX-
SOFTENING

EAR DROPS
FROM

CODE 1

1 ASK Q24
2 GO TO Q31a

PAGE 10,
SECTION C)
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27. SHOW CARD E AGAIN Overall, how satisfied were you with the clinic’s approach to your hearing
problem? Please take your answer from the card.

Very satisfied 432
Fairly satisfied

Neither satisfied nor dissatisfied
Fairly dissatisfied
Very dissatisfied

(Can’t say)

IF NEVER HAD DIFFICULTY IN HEARING (CODE 2 AT Q13)
28. If you found that you had a difficulty with your hearing, who would you go to first for advice?

CODE ONE ONLY

Family or friends 433-434
GP/Nurse/Other health professional

An organisation for people with hearing problems 
(e.g. RNID, Hearing Concern, a helpline)

A private hearing aid supplier
Other (WRITE IN)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––
I wouldn’t seek advice from anyone

Don’t know/Can’t say

IF NEVER HAD ADVICE (CODE 2 AT Q16a)
29. Why have you not chosen to ask anyone for advice about your difficulty in hearing?

PROBE FULLY AND RECORD VERBATIM 435-440

30. What would make you seek advice about your difficulty in hearing?
PROBE FULLY AND CODE ALL THAT APPLY

Difficulty communicating 01 441-446
Difficulty doing work or everyday tasks 02

If my family or friends persuaded me 03
If the hearing problem got worse 04

Other symptoms involving the ear such as tinnitus or dizziness 05
Other (WRITE IN) 06

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
I wouldn’t seek advice 07
Don’t know/Can’t say 98

Spare
447-460

01
02
03 GO TO 

Q31a
04 (PAGE 10,
05 SECTION C)

06
08

1
2 GO TO Q31 
3 (PAGE 10,
4 SECTION C)
5
8
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31a. I am now going to ask you a few questions about NHS hearing services. By NHS hearing services, 
I mean services at an NHS hospital or clinic, where people can get hearing tests and other help or
advice about hearing problems.
INTERVIEWER CHECK Q12 AND RECORD

Hearing difficulties reported (code 1) 461
No hearing difficulties reported (code 2)

IF NO DIFFICULTIES NOW (CODE 2 AT Q31a)
31b. INTERVIEWER CHECK Q13 AND RECORD

Has had difficulty (code 1) 462
Has never had difficulty (code 2)

32. IF DIFFICULTIES NOW OR IN PAST (CODE 1 AT Q31a OR Q31b)
Can I check, have you ever used any NHS hearing services?

Yes 1 463
No 2

ALL
33. SHOW CARD F. I am going to read out a list of statements about NHS hearing services. For each

statement, please say how often in general you think it is true, thinking about your own experiences,
or about what you have heard. Please take your answers from the card. READ OUT a) TO g) AND
CODE FOR EACH

All of Most of Some of None of Can’t say/
the time the time the time the time Don’t know

a) The staff at the NHS hearing 1 2 3 4 8 464
services are experts in their job.

b) Staff in the NHS hearing services 1 2 3 4 8 465
are sympathetic to patients.

c) There are problems with transport 1 2 3 4 8 466
to get to the NHS hearing clinic.

d) The staff treat you with courtesy 1 2 3 4 8 467
and respect.

And how often do you think these
statements are true … 

e) You have to wait a long time for an 1 2 3 4 8 468
appointment with NHS hearing 
services.

f) The staff take time to explain 1 2 3 4 8 469
things to you. 

g) The staff give good advice on 1 2 3 4 8 470
coping with everyday life with 
a hearing problem.

1 ASK Q32
2 GO TO Q32

1 GO TO Q32
2 GO TO Q31b

SECTION C: VIEWS ON THE NHS HEARING SERVICES
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34. SHOW CARD G. Please say how much you agree or disagree with the following Card 5
statement, taking your answer from the card. It is embarrassing to use the NHS 
hearing services.

Strongly agree 1 508
Agree 2

Neither agree nor disagree 3
Disagree 4

Strongly disagree 5
(Can’t say/Don’t know) 8

35a. INTERVIEWER CHECK Q31a AND RECORD

Hearing difficulties reported (code 1) 509
No hearing difficulties reported (code 2)

IF NO DIFFICULTIES NOW (CODE 2 AT Q35a)
35b. INTERVIEWER CHECK Q31b AND RECORD

Has had difficulty (code 1) 510
Has never had difficulty (code 2)

IF DIFFICULTIES NOW OR IN PAST (CODE 1 AT Q35a OR Q35b)
35c. INTERVIEWER CHECK Q32 AND RECORD

Has used NHS hearing service (code 1) 511
Has not used NHS hearing service (code 2)

IF USED NHS HEARING SERVICES (CODE 1 AT Q35c) 
36. If you were given the choice, would you prefer to use NHS hearing 

services at a hospital or at your GP surgery? 

Hospital 512
GP surgery

No preference

IF WOULD PREFER HOSPITAL (CODE 1 AT Q36)
37. Why would you prefer to go to the hospital?

PROBE FULLY AND CODE ALL THAT APPLY
Expert advice/knowledge of staff 513-520

Better equipped
More efficient

Other reason (WRITE IN)

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1
2 GO O Q39a
3 (PAGE 13,
4 SECTION D)

1 ASK Q37
2 GO TO Q38
3 GO TO Q39a

(PAGE 13,
SECTION D)

1 GO TO Q36
2 GO TO Q39a

(PAGE 13,
SECTION D)

1 GO TO Q35c
2 GO TO Q39a

(PAGE 13,
SECTION D)

1 GO TO Q35c
2 GO TO Q35b
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IF WOULD PREFER GP SURGERY (CODE 2 AT Q36)
38. Why would you prefer to go to the GP surgery?

PROBE FULLY AND CODE ALL THAT APPLY 521-532
Nearer/More convenient 01

Cheaper to get there/Cheaper to park there 02
Easier to find somewhere to park 03

They know me/my records 04
More friendly 05

Other reason (WRITE IN) 06

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Spare

533-550

ALL
39a. INTERVIEWER CHECK Q12 AND RECORD Card 5

Hearing difficulties reported (code 1) 551
No hearing difficulties reported (code 2)

IF NO DIFFICULTIES NOW (CODE 2 AT Q39a)
39b. INTERVIEWER CHECK Q13 AND RECORD

Has had difficulty (code 1) 552
Has never had difficulty (code 2)

IF DIFFICULTIES NOW OR IN PAST (CODE 1 AT Q39a OR Q39b)
40. Can I check, do you have, or have you ever had, a hearing aid?

Yes, has one now 553
Doesn’t have one now, but has had one in the past

No, has never had one

IF HAS HEARING AID (CODE 1 AT Q40)
41. Do you have a hearing aid for one ear only, or do you have a pair, that is, one for each ear?

For one ear only 1 554
A pair, one for each ear 2

42. How often do you use your hearing aid(s)? Do you use it (them)… 
READ OUT

… every day, 555
most days,
some days,

only occasionally,
or never?

1
2
3 ASK Q43
4
5 GO TO Q44

IF ‘EVERY DAY
BUT SOMETIMES

FORGET’, 
CODE AS 1

1 GO TO Q41
2 GO TO Q51
3 GO TO Q56

1 ASK Q40
2 GO TO Q57

1 GO TO Q40
2 GO TO Q39b

SECTION D: HEARING AIDS AND HEARING AID SERVICES
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IF USES HEARING AID(S) AT LEAST OCCASIONALLY
43. On the days you use your hearing aid(s), how many hours a day on average do you use it/them? 

Do you use it (them) … READ OUT
… less than 2 hours a day, 1 556

more than 2 but less than 4 hours a day, 2
more than 4 but less than 8 hours a day, 3

or 8 hours a day or more? 4
(It varies) 5

44. Do you have a spare (pair of) hearing aid(s)?
Yes 1 557
No 2

45a. I would like you to tell me about the hearing aid(s) you have at the moment.

IF RESPONDENT HAS SPARE HEARING AID – CODE 1 AT Q44: 
(Please tell me about the hearing aid(s) you wear most often).

First, could you tell me the name of the company that makes your hearing aid?
RECORD VERBATIM

45b. Now, could you tell me the name or the number of the model of hearing aid you have?
RECORD VERBATIM

45c. How much did you pay for the (pair of) hearing aid(s) you have at the moment?

WRITE IN: £ .00 558-561

46. INTERVIEWER CHECK Q44 AND RECORD:

Respondent has spare hearing aid (code 1) 562
Respondent does not have spare hearing aid (code 2)

IF HAS SPARE HEARING AID (CODE 1 AT Q46)
47a. Now please tell me about the hearing aid you wear less often.

First, could you tell me the name of the company that makes this hearing aid?
RECORD VERBATIM

47b. Now, could you tell me the name or the number of the model of this hearing aid?
RECORD VERBATIM

47c. How much did you pay for this (pair of) hearing aid(s)? 

WRITE IN: £ .00 563-566

1 ASK Q47a
2 GO TO Q48
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IF HAS HEARING AID (CODE 1 AT Q40)
48. SHOW CARD H. How satisfied are you with the hearing aid(s) you have at the moment? 

Please take your answer from the card.

IF RESPONDENT HAS SPARE HEARING AID – CODE 1 AT Q44: 
(Please tell me about the hearing aid(s) you wear most often).

Very satisfied 1 567
Fairly satisfied 2

Neither satisfied nor dissatisfied 3
Fairly dissatisfied 4
Very dissatisfied 5

49. Looking back, do you think you should have got your first hearing aid earlier than you did?
Yes 1 568
No 2

Don’t know 8

IF HAS/HAD HEARING AID NOW OR IN PAST (CODE 1–2 AT Q40)
50. How old were you when you got your first hearing aid?

WRITE IN: YEARS OLD 569-570

51. Have you had more than one hearing aid in your life? Card 6

Yes, more than one 608
No, just one

IF HAS ONLY HAD ONE HEARING AID (CODE 2 AT Q51)
52. Can I just check, was your hearing aid supplied by the NHS?

Yes 609
No

IF HAS HAD MORE THAN ONE HEARING AID (CODE 1 AT Q51)
53. I would like you to tell me the total number of hearing aids you have had in your life. 

Please include spare hearing aids and replacement hearing aids. 
Please count a pair of hearing aids as two hearing aids.
If you can’t remember the exact number, please give us your best estimate.

WRITE IN: HEARING AIDS 610-611

54. Can I just check, have you ever had a hearing aid supplied by the NHS?

Yes 612
No

IF HAS HAD NHS HEARING AID (CODE 1 AT Q54) 
55. Thinking again about all the hearing aids you have had in your life, how many of your hearing aids

were supplied by the NHS?
If you can’t remember exactly how many were supplied by the NHS, please give us your best
estimate.

WRITE IN: HEARING AIDS 613-614
AND GO TO Q57

1 ASK Q55
2 GO TO Q56

1 GO TO Q57
2 GO TO Q56

1 GO TO Q53
2 ASK Q52INCLUDE REPLACEMENTS
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IF HAS NOT HAD NHS HEARING AID (CODE 2 AT Q40, Q52 OR Q54)
56. Have you ever been given any help or advice about hearing aids by your GP or by other NHS

hearing services? 
Yes 1 615
No 2

ALL
57. SHOW CARD J. I am going to read out a list of statements about NHS hearing aid services.

For each statement, please say how much you agree or disagree in general, thinking about your own 
experiences, or about what you have heard. Please take your answers from the card.
READ OUT a) TO g) AND CODE FOR EACH

Strongly Agree Neither Disagree Strongly Can’t 
agree agree nor Disagree remember/

disagree can’t say

a) NHS hearing aids break 1 2 3 4 5 8 616
down often.

b) The hearing aids provided 1 2 3 4 5 8 617
by the NHS give a good 
quality of sound.

c) Once you have been tested 1 2 3 4 5 8 618
for an NHS hearing aid, 
there is a long wait before 
you get your hearing aid.

d) The hearing aids provided 1 2 3 4 5 8 619
by the NHS are too large.
And how much do you  
agree or disagree with these 
statements? 

e) The NHS uses up-to-date 1 2 3 4 5 8 620
technology in its hearing aid 
clinics.

f) I don’t trust the NHS hearing 1 2 3 4 5 8 621
aid services.

g) The NHS should always offer 1 2 3 4 5 8 622
hearing aid patients a hearing 
aid for each ear, if this would 
help them.

58. Do you think the NHS could improve its hearing aid services?
Yes 1 623
No 2

Don’t know/Can’t say 8

ALL
59a. INTERVIEWER CHECK Q12 AND RECORD

Hearing difficulties reported (code 1) 624
No hearing difficulties reported (code 2)

IF NO DIFFICULTIES NOW (CODE 2 AT Q59a)
59b. INTERVIEWER CHECK Q13 AND RECORD

Has had difficulty (code 1 ) 625
Has never had difficulty (code 2)

1 ASK Q60
2 GO TO Q63

1 GO TO Q60
2 GO TO Q59b
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IF HAS/HAD DIFFICULTY NOW OR IN PAST (CODE 1 AT Q59a OR 59b)
60. Have you ever been given any help or advice about hearing 

aids by a private hearing aid supplier?
Yes 1 626
No 2

61. INTERVIEWER CHECK Q40 (PAGE 13) AND RECORD

Has hearing aid or had one in past (code 1–2) 627
Has never had hearing aid (code 3)

IF HAS/HAD HEARING AID NOW OR IN PAST (CODE 1 AT Q61)
62. Have you ever bought a hearing aid from a private hearing aid supplier?

Yes 1 628
No 2

ALL
63. SHOW CARD J AGAIN. I am going to read out a list of statements about private hearing aid

suppliers. For each statement, please say how much you agree or disagree, in general, thinking
about your own experiences, or about what you have heard. Please take your answers from the card.
READ OUT a) TO h) AND CODE FOR EACH

Strongly Agree Neither Disagree Strongly Can’t 
agree agree nor Disagree remember/

disagree can’t say

a) Hearing aids from private 1 2 3 4 5 8 629
suppliers break down often.

b) The hearing aids provided 1 2 3 4 5 8 630
by the private supplier give  
a good quality of sound.

c) Once you have been tested 1 2 3 4 5 8 631
for a hearing aid by a 
private hearing aid supplier, 
there is a long wait before 
you get your hearing aid.

d) The hearing aids provided 1 2 3 4 5 8 632
by private suppliers are 
too large.

e) Private hearing aid suppliers 1 2 3 4 5 8 633
use up-to-date technology.

f) The cost of hearing aids 1 2 3 4 5 8 634
from a private supplier is 
reasonable.

g) I don’t trust the private hearing 1 2 3 4 5 8 635
aid suppliers.

h) Private suppliers should always 1 2 3 4 5 8 636
offer hearing aid patients a 
hearing aid for each ear, if this 
would help them.

Spare
637-650

1 ASK Q62
2 GO TO Q63

Health Technology Assessment 2007; Vol. 11: No. 42

179

© Queen’s Printer and Controller of HMSO 2007. All rights reserved.



ALL
64. Do you think hearing aids help people with hearing problems … 

READ OUT
…all of the time, 1 651
most of the time, 2

some of the time, 3
or none of the time? 4

(Depends) 5
(Don’t know/Can’t say) 8

65. And do you think having a hearing aid for a long time can damage a person’s hearing ?
Yes 1 652
No 2

Sometimes/Depends 3
Don’t know 8

66. Do you think having a hearing aid for a long time can result in better hearing when the 
hearing aid is not being worn? 

Yes 1 653
No 2

Sometimes/Depends 3
Don’t know 8

67. And do you think hearing aids make sounds clearer?
Yes 1 654
No 2

Sometimes/Depends 3
Don’t know 8

68. Do you think hearing aids can help people to hear more of what is said?
Yes 1 655
No 2

Sometimes/Depends 3
Don’t know 8

69. And do you think hearing aids help people locate where sounds are coming from?
Yes 1 656
No 2

Sometimes/Depends 3
Don’t know 8

70. Can you think of any problems or disadvantages there might be for someone who wears 
a hearing aid? 
PROBE FULLY AND RECORD VERBATIM 657-666

SECTION E: 
EXPERIENCE AND EXPECTATIONS OF HEARING AIDS
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71. Can you think of any benefits there might be for someone who wears a hearing aid? Card 7
PROBE FULLY AND CODE ALL THAT APPLY

Hearing better generally 01 708-717
Locating sounds 02

Communicating more easily 03
Not missing so much 04

Joining in more social activities 05
Watching TV 06 

Doing work or everyday tasks more easily 07
Less embarrassment 08
Other (WRITE IN) 09

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Don’t know/Can’t think of any 98

72. I am going to read out a list of different situations. For each one, I would like you to tell me whether
you think hearing aids can help people at all in that situation.
READ OUT AND CODE FOR EACH

Yes, No, Don’t know/
can help can’t help Can’t say

a) Watching television 1 2 8 718
b) Having a conversation on the telephone 1 2 8 719
c) Having a face-to-face conversation with one person 1 2 8 720
d) Having a face-to-face conversation with more than 1 2 8 721

one person
And do you think hearing aids can help people at 
all in these situations?

e) Having a conversation in a noisy place 1 2 8 722
f) Hearing sounds around the home 1 2 8 723
g) At a concert or at the theatre 1 2 8 724
h) At the cinema 1 2 8 725

73a. SHOW CARD K. Please look at the photograph on the first photo card, card K. Were 
you aware that this sort of hearing aid existed?

Yes 1 726
No 2

73b. Still looking at the first photo card. How easy do you think you would find it to put this 
kind of hearing aid on?
Do you think it would be … READ OUT

… very easy, 1 727
easy, 2

difficult, 3
or very difficult? 4

(Don’t know/Can’t say) 8

IF RESP. ASKS, QN IS ABOUT
‘WHEN YOU ARE USED TO IT’
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73c. And how acceptable would you find the appearance of the hearing aid if you were to wear it?
Would you find it… READ OUT

… very acceptable, 1 728
acceptable, 2

unacceptable, 3
or very unacceptable? 4

(Don’t know/Can’t say) 8

74a. SHOW CARD L. Please look at the photograph on the second photo card, card L. 
Were you aware that this sort of hearing aid existed? 

Yes 1 729
No 2

74b. Still looking at the second photo card. How easy do you think you would find it to put 
this kind of hearing aid on? 
Do you think it would be … READ OUT

… very easy, 1 730
easy, 2

difficult, 3
or very difficult? 4

(Don’t know/Can’t say) 8

74c. And how acceptable would you find the appearance of the hearing aid if you were to wear it? 
Would you find it … READ OUT

… very acceptable, 1 731
acceptable, 2

unacceptable, 3
or very unacceptable? 4
(Don’t know/Can’t say) 8

75a. SHOW CARD M. Looking now at the photograph on the third photo card, card M. 
Were you aware that this sort of hearing aid existed?

Yes 1 732
No 2

75b. Still looking at the third photo card. How easy do you think you would find it to put 
this kind of hearing aid in your ear?
Do you think it would be … READ OUT

… very easy, 1 733
easy, 2

difficult, 3
or very difficult? 4

(Don’t know/Can’t say) 8

75c. And how acceptable would you find the appearance of the hearing aid if you were to wear it?
Would you find it … READ OUT

… very acceptable, 1 734
acceptable, 2

unacceptable, 3
or very unacceptable? 4

(Don’t know/Can’t say) 8
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76a. SHOW CARD N. Please look at the photograph on the fourth photo card, card N.
Were you aware that this sort of hearing aid existed?

Yes 1 735
No 2

76b. Still looking at the fourth photo card. How easy do you think you would find it to 
put this kind of hearing aid in your ear?
Do you think it would be … READ OUT

… very easy, 1 736
easy, 2

difficult, 3
or very difficult? 4

(Don’t know/Can’t say) 8

76c. And how acceptable would you find the appearance of the hearing aid if you were to wear it?
Would you find it … READ OUT

… very acceptable, 1 737
acceptable, 2

unacceptable, 3
or very unacceptable? 4

(Don’t know/Can’t say) 8

77a. SHOW CARD P. Looking now at the photograph on the final photo card, card P. 
Were you aware that this sort of hearing aid existed?

Yes 1 738
No 2

77b. Still looking at the final photo card. How easy do you think you would find it to put this kind of
hearing aid in your ear?
Do you think it would be … READ OUT

… very easy, 1 739
easy, 2

difficult, 3
or very difficult? 4

(Don’t know/Can’t say) 8

77c. And how acceptable would you find the appearance of the hearing aid if you were to wear it?
Would you find it … READ OUT

… very acceptable, 1 740
acceptable, 2

unacceptable, 3
or very unacceptable? 4

(Don’t know/Can’t say) 8

78. INTERVIEWER CHECK Q40 AND RECORD

Has or has had a hearing aid (code 1–2) 741
Has never had a hearing aid (code 3)

1 ASK Q79
2 GO TO Q84

Health Technology Assessment 2007; Vol. 11: No. 42

183

© Queen’s Printer and Controller of HMSO 2007. All rights reserved.



HAS/HAD A HEARING AID (CODE 1 AT Q78)
79. Which of the five sorts is/was your hearing aid?

ASK RESPONDENT TO SHOW YOU CARD WITH THEIR HEARING AID ON IT.

CODE ONE ONLY
Card K – Body worn 1 742

Card L – Behind the ear 2
Card M – In the ear 3

Card N – In the canal 4
Card P – Smaller canal aid 5

Other sort (WRITE IN) 6

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

80. When you first got a hearing aid, how long did it take you to get used to wearing it?
Got used to it straight away 1 743

Less than 1 week 2
1 week, less than 1 month 3

1 month, less than 3 months 4
3 months, less than 6 months 5

6 months or more 6

81. Do you think the general public knows enough about hearing loss and hearing aids?
Yes 1 744
No 2

Don’t know/Can’t say 8 

82. Thinking about your own experiences, or about what you have heard, how much do you 
think GPs know about hearing loss and hearing aids? In general, do you think they 
know … READ OUT

… a great deal, 1 745
a fair amount, 2

a little, 3
or nothing at all about hearing loss and hearing aids? 4

(Don’t know/Can’t say) 8

83. Now thinking about practice nurses and district nurses. In general, do you think 
they know … READ OUT

… a great deal, 746
a fair amount,

a little,
or nothing at all about hearing loss and hearing aids?

(Don’t know/Can’t say)

1
2
3
4 GO TO Q87
8

IF USED TO WEAR ONE BUT
DOESN’T NOW, CODE MOST

RECENT SORT.

IF HAS MORE THAN ONE SORT,
CODE SORT WORN MOST OFTEN.
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NEVER HAD HEARING AID (CODE 2 AT Q78)
84. How long do you think it would take to get used to wearing a hearing aid?

Straight away 1 747
Less than 1 week 2

1 week, less than 1 month 3
1 month, less than 3 months 4

3 months, less than 6 months 5
6 months or more 6

(Depends/Don’t know) 8

85. If it could be shown that you would benefit from having a hearing aid, would you agree 
to try out the most appropriate sort for free?

Yes 1 748
No 2

86. Would you feel nervous about trying out a hearing aid?
Yes, would feel nervous 1 749

No, wouldn’t feel nervous 2

ALL
87. SHOW CARD Q. Here is a list of devices and services which people with hearing 

problems can use in the home. Please look all the way down the list, and tell me all 
the ones you have heard of.
PROBE FULLY AND CODE ALL THAT APPLY

Extra-loud doorbells 01 750-771
Flashing lights to show the doorbell is ringing 02

Extra-loud telephones 03
Flashing lights to show the telephone is ringing 04

Typetalk/Textphone/Minicom 05
TV amplifiers 06 

TV subtitles available through Teletext 07
Vibrating alarms (e.g. vibrating alarm clocks) 08

Ear trumpet 09
Other things heard of (WRITE IN) 10

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Haven’t heard of any of these 11

IF WOULD ONLY TRY
SMALLEST ONE, CODE AS ‘YES’
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88. SHOW CARD R. Here are some other devices and services which can help people Card 8
with hearing problems in their everyday lives. Please look all the way down the list, 
and tell me all the ones you have heard of.
PROBE FULLY AND CODE ALL THAT APPLY

Other devices 
Induction loops (in theatres/cinemas etc.) 01 808-823

Earphones which pick up sound through an infra-red transmitter 02
Earphones which pick up sound through an FM transmitter 03 

Visual alarm systems (e.g. flashing fire alarms) 04
Other services

Sign language services offered in public places 05
(e.g. theatres, GP surgeries) 05

Hearing dogs for the deaf 06
Other things heard of (WRITE IN) 07

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Haven’t heard of any of these 10

ALL
89. SHOW CARD S. Many people who experience problems with hearing don’t come 

forward to have their hearing tested. Please look all the way down the list and tell 
me which things you think would be most likely to encourage people to have their 
hearing tested.
CODE UP TO THREE ONLY. IF RESPONDENT MENTIONS MORE THAN 
THREE, ASK FOR THE THREE MOST LIKELY TO ENCOURAGE PEOPLE.

Better services for those with hearing problems 01 824-829
If hearing aids gave better sound quality 02

If hearing aids were smaller 03 
If people were told they could have a test for free 04

More information and publicity about hearing tests 05
(e.g. in GP surgeries, or on TV) 05

If there were hearing advice centres 06
If more people wore hearing aids 07

If people had hearing tests or check-ups on a routine basis 08
Being able to attend a hearing clinic without being referred by a GP 09

Being able to have a test at the GP surgery 10
Being able to get results immediately 11

Other (WRITE IN) 12

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

None of these 13
Don’t know 98

90. Do you think that NHS hearing aids are … READ OUT
… free for everyone, 1 830

free for some groups of people, 2
or not free for anyone? 3
(Don’t know/Can’t say) 8
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91. Do you think that NHS hearing aids ought to be … 
READ OUT

…free for everyone, 831

free for some people,

or not free for anyone?
(Don’t know/Can’t say)

IF THINKS EVERYONE OUGHT TO PAY (CODE 3 AT Q91)
92. How much do you think a basic NHS hearing aid ought to cost?

Do you think they ought to be…READ OUT
… less than £50, 1 832

between £50 and £100, 2
or more than £100? 3

(Don’t know/Can’t say) 8

Spare
833-850

93a. SHOW CARD T. I would now like you to think about your general health, not just your hearing.
Please look at the card and tell me whether you have any of the health problems listed on the card.
Just tell me the number next to any health problems you have.
PROBE AND CODE ALL THAT APPLY

1 (Vision) 1 851-866
2 (Mobility) 2

3 (Dexterity) 3
4 (Emotional problems) 4

5 (Speech problems) 5
6 (Remembering, thinking clearly) 6

7 (Pain) 7
8 (Self care) 8

None of these 9

93b. SHOW CARD U. I would like you to give an overall estimate of the quality of life for your family. If
100 is the best quality of life imaginable, and 0 is the worst, please think about all the things that
are important to you and your family in your everyday lives and choose the number from the card
which best fits your family.

WRITE IN: 867-869

Spare
870-899

EXCLUDE VISION PROBLEMS
CORRECTABLE BY GLASSES

SECTION F: GENERAL HEALTH

1 GO TO Q93
(section F)

2 GO TO Q 93
(section F)

3 ASK Q92
8 GO TO Q93

(section F)
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ALL
94a. For some health problems it is possible to have a quick test or check-up to find out Card 9

whether you need to have more detailed tests. This is called a screening test.

Have you heard of screening tests?
Yes 1 908
No 2

94b. I am going to read out a list of different screening tests. For each one, I would like you 
to say whether you have heard of that screening test.
READ OUT EACH ONE AND CODE WHETHER HEARD OF

Yes No DK
breast screening? 1 2 8 909

cervical screening? 1 2 8 910
children’s hearing screening? 1 2 8 911

old age screening, or the 75 year screen? 1 2 8 912
colorectal cancer screening? 1 2 8 913

glaucoma screening? 1 2 8 914
well man or well woman checks? 1 2 8 915

occupational screening? 1 2 8 916

94c. Do you think that screening tests are a good idea?
Yes 1 917
No 2

Some screens/Sometimes 3
Don’t know/Can’t say 8

95a. INTERVIEWER CHECK Q12 AND RECORD

Hearing difficulties reported (code 1) 918
No hearing difficulties reported (code 2)

IF HAS DIFFICULTY (CODE 1 AT Q95a)
95b. INTERVIEWER CHECK Q40 (PAGE 13) AND RECORD 

Has hearing aid now (code 1) 919
Does not have hearing aid now (code 2-3)

96. Would you have a screening test for your hearing, even if you didn’t feel you had a hearing
problem?

Yes 920
No

Don’t know/Can’t say

CODE ‘ONLY AS PART 
OF MORE GENERAL
CHECKUP’ AS ‘NO’

1 GO TO Q98
2 ASK Q97
2 GO TO Q98

1 GO TO Q100
2 ASK Q96

1 GO TO Q95b
2 GO TO Q96

SECTION G: SCREENING
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IF WOULDN’T HAVE SCREEN (CODE 2 AT Q96)
97. Why wouldn’t you have a screening test for your hearing?

PROBE AND CODE ALL THAT APPLY
I know I haven’t got a problem 921-923

Don’t want to know if I’ve got a problem
I wouldn’t want a hearing aid

I don’t have time
I don’t like hospitals/clinics/doctors

The thought makes me nervous
Other (WRITE IN)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Don’t know/Can’t say

IF WOULD HAVE SCREEN OR DON’T KNOW (CODE 1 OR 8 AT Q96)
98. Would you feel nervous about having a screening test for your hearing? 

Yes 1 924
No 2

Don’t know 8

99. I am going to read out a list of places where you could go to have a screening test for 
your hearing. For each place, I would like you to say whether you would be prepared to 
go there for a screening test for your hearing. Would you be prepared to have a 
screening test for your hearing…
READ OUT AND CODE FOR EACH 

Yes No Can’t say/
Doesn’t apply

a) … at your GP surgery? 1 2 8 925

b) … at another local health centre? 1 2 8 926

c) … at hospital? 1 2 8 927

d) … at the premises of a private hearing aid supplier? 1 2 8 928

e) … at work? 1 2 8 929

f) … in your own home? 1 2 8 930

ALL
100. Would you be prepared to fill in a short screening questionnaire about your hearing and 

return it to your GP?
Yes 931
No

1 GO TO Q5 
2 ON PAGE 2 OF

ARF
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101. Thank you very much for helping us with this valuable study. The Medical 
Research Council would like to follow up this interview by inviting you to visit 
their Hearing Clinic, at ………

IF IN SOUTHAMPTON: 
… the Hearing and Balance Centre, University of Southampton.

IF IN NOTTINGHAM: 
… the Institute of Hearing Research, University of Nottingham.

They would like to see people with good hearing as well as people with hearing 
problems. If you agreed to visit the clinic, you would have several accurate hearing tests. 
The visit would last about 21⁄2 to 3 hours, and would take place at your convenience 
some time in the next few months. 

The Institute would pay for your travel to the clinic, and if necessary they would 
book and pay for a taxi for you. You would also be given £25 for attending the clinic.

Would you be willing for the clinic to contact you?
Yes 932-937

No – given enough time to survey already/expecting too much
No – too busy/can’t spare time (if code 2 doesn’t apply)

No – disabled/ill/housebound
No – travel too inconvenient

No – childcare/other care responsibilities
No – moved/about to move

No – had enough of tests/medical profession at present time
No – worried about what might find out/‘might tempt fate’

No – scared/nervous about medical tests
No – don’t want people to look in my ears

No – cannot see point/already knows about hearing
No – refused to give reason

No – other reason (WRITE IN)

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

102. Finally, there is a short self-completion booklet about your general health 
which I would like to leave with you to complete in your own time. 
It normally takes about ten minutes to fill in. 

Can I give you the booklet to complete?
Yes 938-943

No – given enough time to survey already/expecting too much
No – too busy/can’t spare time (if code 2 doesn’t apply)

No – too ill
No – cannot see point

No – eyesight problems

No – language problems
No – reading difficulties

No – refused to give reason
No – other reason (WRITE IN)

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

01 GO TO
Q103

02
03
04
05
06 GO TO 

Q104
07
08
09
10

01
02
03 (GIVE
04 CLINIC
05 LEAFLET
06 AND …)
07 GO TO Q7
08 ON PAGE 4
09 OF ARF
10
11
12
13
14
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SELF-COMP ACCEPTED (CODE 01 AT Q102)
103. WRITE IN SERIAL NUMBER ON FRONT OF BOOKLET AND GIVE TO RESPONDENT

WITH PRE-PAID ENVELOPE.
Thank you for helping us with the self-completion booklet. When you have completed the booklet,
please put it in the pre-paid envelope and post it back to us as soon as you can.

RING CODE 1 AT Q6 ON PAGE 3 OF ARF

SELF-COMP REFUSED (CODE 2 AT Q107 OR Q108)
104. RING CODE 2 AT Q6 ON PAGE 3 OF ARF

105. That is the end of the interview. Thank you very much for your help.

106. INTERVIEWER COMPLETE:

TIME AT END OF INTERVIEW : 944-947
(use 24 hour clock)

DURATION OF INTERVIEW mins 948-950

DATE OF INTERVIEW 951-956
Day Month Year

INTERVIEWER NUMBER 957-962

INTERVIEWER SIGNATURE –––––––––––––––––––––––––––––––––––––––––––––

Spare
963-999
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Screening questions

If you normally wear a hearing aid, please answer the following questions as if NOT wearing a hearing
aid.  Please put a (✓) in the relevant box along with any further comments.
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Strand 1 – screening questionnaire

Q1. Do you have any difficulty with your (✓)
hearing? If YES please write down the 
most troublesome problem you have.

No

Yes

Q2. Do you find it very difficult to follow a 
conversation if there is background 
noise (such as TV, radio, children 
playing)?

No

Yes

Q3. a) How well do you hear someone 
talking to you when that person is 
sitting … on your RIGHT SIDE in 
a quiet room?

With no difficulty

With slight difficulty

With moderate difficulty

With great difficulty

Cannot hear at all

b) … on your LEFT SIDE in a quiet 
room?

With no difficulty

With slight difficulty

With moderate difficulty

With great difficulty

Cannot hear at all
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Does this situation happen in your life? LISTENING TO THE TELEVISION WITH
OTHER FAMILY OR FRIENDS WHEN THE VOLUME IS ADJUSTED TO SUIT OTHER PEOPLE
0 ––––– No 1 ––––– Yes

How much difficulty do you have in this situation? How much does any difficulty in this situation
worry, annoy or upset you?

0 ––––– N/A 0 ––––– N/A
1 ––––– No difficulty 1 ––––– Not at all
2 ––––– Only slight difficulty 2 ––––– Only a little
3 ––––– Moderate difficulty 3 ––––– A moderate amount
4 ––––– Great difficulty 4 ––––– Quite a lot
5 ––––– Cannot manage at all 5 ––––– Very much indeed

Does this situation happen in your life? HAVING A CONVERSATION WITH ONE
OTHER PERSON WHEN THERE IS NO BACKGROUND NOISE
0 ––––– No 1 ––––– Yes

How much difficulty do you have in this How much does any difficulty in this situation 
situation? worry, annoy or upset you?

0 ––––– N/A 0 ––––– N/A
1 ––––– No difficulty 1 ––––– Not at all
2 ––––– Only slight difficulty 2 ––––– Only a little
3 ––––– Moderate difficulty 3 ––––– A moderate amount
4 ––––– Great difficulty 4 ––––– Quite a lot
5 ––––– Cannot manage at all 5 ––––– Very much indeed

Does this situation happen in your life? CARRYING ON A CONVERSATION IN A
BUSY STREET OR SHOP
0 ––––– No 1 ––––– Yes

How much difficulty do you have in this How much does any difficulty in this situation 
situation? worry, annoy or upset you?

0 ––––– N/A 0 ––––– N/A
1 ––––– No difficulty 1 ––––– Not at all
2 ––––– Only slight difficulty 2 ––––– Only a little
3 ––––– Moderate difficulty 3 ––––– A moderate amount
4 ––––– Great difficulty 4 ––––– Quite a lot
5 ––––– Cannot manage at all 5 ––––– Very much indeed

Does this situation happen in your life? HAVING A CONVERSATION WITH
SEVERAL PEOPLE IN A GROUP
0 ––––– No 1 ––––– Yes

How much difficulty do you have in this situation? How much does any difficulty in this situation
worry, annoy or upset you?

0 ––––– N/A 0 ––––– N/A
1 ––––– No difficulty 1 ––––– Not at all
2 ––––– Only slight difficulty 2 ––––– Only a little
3 ––––– Moderate difficulty 3 ––––– A moderate amount
4 ––––– Great difficulty 4 ––––– Quite a lot
5 ––––– Cannot manage at all 5 ––––– Very much indeed



In this questionnaire we are interested in what sort of listening situations you find yourself, and how
important they are to you.

We have included a list of 25 different listening situations. For each situation we would like you to tell us:

1. How often YOU find yourself in the situation, and also
2. How important listening in this situation is to YOU.

For each of the 25 situations, please tick the answer that is closest to what YOU think.

Example 1: How often do you find How important a factor is 
yourself in this situation? this in your everyday life?

Listening to your boss in a quiet office 1 ––––– Not at all 1 ––––– Not at all
2 ––––– Only a little 2 ––––– Only a little
3 ––––– A moderate amount 3 ––––– A moderate amount
4 ––––– Quite a lot 4 ––––– Quite a lot
5 ––––– Very much indeed 5 ––––– Very much indeed

This person listens to his boss in a quiet office quite a lot of the time and rates its importance as very
much indeed.

Example 2: How often do you find How important a factor is 
yourself in this situation? this in your everyday life?

Listening to your boss in a quiet office 1 ––––– Not at all 1 ––––– Not at all
2 ––––– Only a little 2 ––––– Only a little
3 ––––– A moderate amount 3 ––––– A moderate amount
4 ––––– Quite a lot 4 ––––– Quite a lot
5 ––––– Very much indeed 5 ––––– Very much indeed

This person does not have a boss, so he describes the situation as one where he finds himself not at all,
and it is not at all an important factor in his everyday life.

We would now like you to answer all the following questions. Please do not leave any blank.
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Strand 1 – Auditory Lifestyle and Demand 
Questionnaire

✓

✓ ✓

✓
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Auditory Lifestyle and Demand How often do you find How important a factor 
Questionnaire yourself is this

in this situation? in your everyday life?

1. Listening in a background of noise 1 –––– Not at all 1 –––– Not at all
2 –––– Only a little 2 –––– Only a little
3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

2. Listening to sounds that are quiet 1 –––– Not at all 1 –––– Not at all
and difficult to hear 2 –––– Only a little 2 –––– Only a little

3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

3. Listening to sounds that are 
consistently loud 1 –––– Not at all 1 –––– Not at all

2 –––– Only a little 2 –––– Only a little
3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

4. Listening to sounds that are close 1 –––– Not at all 1 –––– Not at all
by you 2 –––– Only a little 2 –––– Only a little

3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

5. Listening to sounds that are far away 1 –––– Not at all 1 –––– Not at all
2 –––– Only a little 2 –––– Only a little
3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

6. Listening when there are lots of 1 –––– Not at all 1 –––– Not at all
echoes 2 –––– Only a little 2 –––– Only a little

3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

7. Listening when two or more people 1 –––– Not at all 1 –––– Not at all
are talking at once 2 –––– Only a little 2 –––– Only a little

3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

8. Having to listen to sounds that 1 –––– Not at all 1 –––– Not at all
vary a lot in loudness 2 –––– Only a little 2 –––– Only a little

3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

9. Listening to sounds that vary 1 –––– Not at all 1 –––– Not at all
quickly in loudness 2 –––– Only a little 2 –––– Only a little

3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed
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Auditory Lifestyle and Demand How often do you find How important a factor 
Questionnaire yourself is this

in this situation? in your everyday life?

10. Talking on the telephone 1 –––– Not at all 1 –––– Not at all
2 –––– Only a little 2 –––– Only a little
3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

11. Listening to music at home 1 –––– Not at all 1 –––– Not at all
2 –––– Only a little 2 –––– Only a little
3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

12. Listening to music at a concert 1 –––– Not at all 1 –––– Not at all
2 –––– Only a little 2 –––– Only a little
3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

13. Listening to the radio 1 –––– Not at all 1 –––– Not at all
2 –––– Only a little 2 –––– Only a little
3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

14. Listening to the television 1 –––– Not at all 1 –––– Not at all
2 –––– Only a little 2 –––– Only a little
3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

15. Listening to sounds or voices that 1 –––– Not at all 1 –––– Not at all
are moving around 2 –––– Only a little 2 –––– Only a little

3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

16. Listening when you have no control 1 –––– Not at all 1 –––– Not at all
or influence over the speaker 2 –––– Only a little 2 –––– Only a little

3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

17. Listening when not being able to 1 –––– Not at all 1 –––– Not at all
understand could be embarrassing 2 –––– Only a little 2 –––– Only a little

3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

18. Listening when not being able to 1 –––– Not at all 1 –––– Not at all
understand could cause an accident 2 –––– Only a little 2 –––– Only a little

3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed
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Auditory Lifestyle and Demand How often do you find How important a factor 
Questionnaire yourself is this

in this situation? in your everyday life?

19. Listening when not being able to 1 –––– Not at all 1 –––– Not at all
understand could cause you to 2 –––– Only a little 2 –––– Only a little
lose money 3 –––– A moderate amount 3 –––– A moderate amount

4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

20. Listening to a speaker who is in 1 –––– Not at all 1 –––– Not at all
another room 2 –––– Only a little 2 –––– Only a little

3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

21. Listening to a speaker whose voice 1 –––– Not at all 1 –––– Not at all
is not familiar to you 2 –––– Only a little 2 –––– Only a little

3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

22. Listening to the sounds of nature 1 –––– Not at all 1 –––– Not at all
2 –––– Only a little 2 –––– Only a little
3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

23. Having to understand what is 1 –––– Not at all 1 –––– Not at all
happening around you 2 –––– Only a little 2 –––– Only a little

3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

24. Listening to people with unfamiliar 1 –––– Not at all 1 –––– Not at all
accents or dialects 2 –––– Only a little 2 –––– Only a little

3 –––– A moderate amount 3 –––– A moderate amount
4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

25. Being in a situation where you 1 –––– Not at all 1 –––– Not at all
actually do not want to hear what is 2 –––– Only a little 2 –––– Only a little
happening 3 –––– A moderate amount 3 –––– A moderate amount

4 –––– Quite a lot 4 –––– Quite a lot
5 –––– Very much indeed 5 –––– Very much indeed

Thank you very much for filling in this questionnaire.



Participant 
Label

QUALITY OF FAMILY LIFE

We would like to find out how your family member’s hearing affects your family. 

We would like you to tell us how you think your family feels. Please answer the questions for your
family as a whole.

You may want to talk to other members of your family before answering.

Everything you say will be treated confidentially.

Thank you for taking the time to fill in this questionnaire.

DATE OF 3 MONTH REVIEW: ___________________________________________________

The questions in Section A are about who is in your family

Section C asks about how your family feels about things now

Section D asks you to estimate how good your family’s quality of life is overall

Health Technology Assessment 2007; Vol. 11: No. 42

199

© Queen’s Printer and Controller of HMSO 2007. All rights reserved.

Appendix 5

Strand 1 – Quality of Family Life Questionnaire
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SECTION A
Not all families are the same. Please could you tell us who is in your immediate family. Usually, these
will be the people who live with you.

We don’t want to know their names, just how they are related to you and how old they are.

The example shows a family of four, a woman, her husband, their son and the husband’s mother.

EXAMPLE:

Now please fill in the box below for yourself and your family.

YOUR FAMILY:

MYSELF .............................................. Age .................

My ........................................................ Age .................

My ........................................................ Age .................

My ........................................................ Age .................

My ........................................................ Age .................

My ........................................................ Age .................

My ........................................................ Age .................

My ........................................................ Age..................

50MYSELF ........................................................ Age ..........

Husband 52My................................................................... Age ..........

Son 20My................................................................... Age ..........

Mother-in-law 74My................................................................... Age ..........
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SECTION C
Taking into account your family member’s hearing, please answer the following questions about how
your family feels about things now.

Taking into account your family member’s hearing …

1 … how much enjoyment does your family get from going out together?

A great deal Quite a lot Some Not much No enjoyment
of enjoyment of enjoyment enjoyment enjoyment or very little enjoyment

(    ) (    ) (    ) (    ) (    )

2- … is your family restricted in going out together?

Not at all Slightly Moderately Severely Very severely
restricted restricted restricted restricted restricted

(    ) (    ) (    ) (    ) (    )

3- … how much effort from your family is needed to help your family member to 
communicate with others?

A great deal Quite a lot Some effort Only a little No effort at all
of effort of effort effort

(    ) (    ) (    ) (    ) (    )

4- … how much of an effort is it for your family to get ready in the morning?

No effort Only a little Some effort Quite a lot A great deal
at all effort of effort of effort
(    ) (    ) (    ) (    ) (    )

5- … how confident is your family that it has enough time to do all the household activities it has 
to do (e.g. chores, odd jobs)?

Not confident Not very Somewhat Quite confident Very confident
at all confident confident
(    ) (    ) (    ) (    ) (    )

6- … how satisfied is your family with the support it receives from people around it (e.g. from 
friends, family and others)?

Very satisfied Quite satisfied Somewhat Not very Not satisfied 
satisfied satisfied at all

(    ) (    ) (    ) (    ) (    )

7 … how confident is your family that it is coping with life in general?

Not confident Not very Somewhat Quite confident Very
at all confident confident confident
(    ) (    ) (    ) (    ) (    )

Please answer the questions for your family as a whole
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Taking into account your family member’s hearing …

8- … how confident is your family that it will be able to cope with life in general in the future?

Not confident Not very Somewhat Quite Very 
at all confident confident confident confident
(    ) (    ) (    ) (    ) (    )

9- … how much enjoyment does your family get from watching TV together?

A great deal Quite a lot Some Not much No enjoyment or
of enjoyment of enjoyment enjoyment enjoyment very little enjoyment

(    ) (    ) (    ) (    ) (    )

10- …how confident is your family that it has enough time to do all the social and leisure activities 
it would like to do (e.g. entertaining, visiting friends, hobbies, sport)?

Not confident Not very Somewhat Quite Very
at all confident confident confident confident
(    ) (    ) (    ) (    ) (    )

11- … how much enjoyment does your family get from having meals together at home?

No enjoyment or Not much Some Quite a lot A great deal
very little enjoyment enjoyment enjoyment of enjoyment of enjoyment

(    ) (    ) (    ) (    ) (    )

12- … how worried is your family that your family member cannot communicate with others when 
on his own?

Not worried Just a little Somewhat Worried quite Very
at all worried worried a lot worried
(    ) (    ) (    ) (    ) (    )

13- … how easy or difficult is it for your family to come to an agreement?

Very easy Easy Neither easy Difficult Very difficult
nor difficult

(    ) (    ) (    ) (    ) (    )

14- … how much do other people interfere in your family’s life?

Don’t interfere Interfere just Interfere Interfere quite Interfere
at all a little somewhat a lot a great deal
(    ) (    ) (    ) (    ) (    )

15- … how much enjoyment does your family get from going away on holiday together?

No enjoyment or Only a little Some Quite a lot A great deal
very little enjoyment enjoyment enjoyment of enjoyment of enjoyment

(    ) (    ) (    ) (    ) (    )

16- … is your family restricted in its choice of holidays?

Very severely Severely Moderately Slightly Not at all
restricted restricted restricted restricted restricted

(    ) (    ) (    ) (    ) (    )
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Taking into account your family member’s hearing …

17- … how much does your family feel under pressure?

Under no Under very Under some Under quite Under a great
pressure little pressure pressure a lot of pressure deal of pressure

(    ) (    ) (    ) (    ) (    )

18- … how worried is your family about the well-being of your family member when you are not 
together?

Not worried Just a little Somewhat Worried quite Very worried
at all worried worried a lot
(    ) (    ) (    ) (    ) (    )

19- … is your family satisfied with its achievements (e.g. in work, school, sports or hobbies)?

Not satisfied Not very Somewhat Quite Very
at all satisfied satisfied satisfied satisfied
(    ) (    ) (    ) (    ) (    )

20- … how difficult is it for your family to enjoy the television together?

Impossible Very Somewhat A little Not
difficult difficult difficult difficult at all

(    ) (    ) (    ) (    ) (    )

21- … is any stress caused when including your family member in family activities?

No stress Only a little Some stress Quite a lot A great deal
at all stress of stress of stress
(    ) (    ) (    ) (    ) (    )

22- … which of the following statements best describes your family’s view of the future?

Not confident Not very Somewhat Quite Very 
at all confident confident confident confident
(    ) (    ) (    ) (    ) (    )

23- … is your family confident that it has enough money to keep up its standard of living?

Not confident Not very Somewhat Quite Very
at all confident confident confident confident
(    ) (    ) (    ) (    ) (    )

24- … how satisfied is your family that its needs are being met?

Not satisfied Not very Somewhat Quite Very
at all satisfied satisfied satisfied satisfied
(    ) (    ) (    ) (    ) (    )

25- … is any embarrassment caused when including your family member in family activities?

No embarrassment Only a little Some Quite a lot A great deal of
at all embarrassment embarrassment of embarrassment embarrassment
(    ) (    ) (    ) (    ) (    )
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Taking into account your family member’s hearing …

26- … how much does your family understand about your family member’s hearing?

As much as we Not quite as much Less than Much less than Very much less
would like as we would like we would like we would like than we would like

(    ) (    ) (    ) (    ) (    )

27- … how much control does your family have over the way it lives its life?

No control or Not much Some Quite a lot of Complete or nearly
very little control control control of control complete control

(    ) (    ) (    ) (    ) (    )

28- … how worried is your family that your family member is in danger because of his hearing?

Not worried Just a little Somewhat Worried quite Very
at all worried worried a lot worried
(    ) (    ) (    ) (    ) (    )

29- … how much enjoyment does your family get from spending time together at home 
(e.g. talking, playing games)?

No enjoyment or Not much Some Quite a lot A great deal
very little enjoyment enjoyment enjoyment of enjoyment of enjoyment

(    ) (    ) (    ) (    ) (    )

30- … how happy is your family?

Very happy Happy Somewhat happy Not very happy Not happy at all
(    ) (    ) (    ) (    ) (    )

We have dealt with some of the aspects of family life and activities which may be affected by someone
having hearing difficulties. We would now like you to think of any other aspects or activities, which
are important to your family, which might be affected. Please write them in the shaded boxes and
then tick the answer which best describes how much your family is affected.

31-

Cannot manage to Affected Affected quite Affected Affected only
do at all very much a lot somewhat slightly

(    ) (    ) (    ) (    ) (    )

32-

Cannot manage to Affected Affected quite Affected Affected only
do at all very much a lot somewhat slightly

(    ) (    ) (    ) (    ) (    )
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SECTION D
We would like you to give an overall estimate of the quality of life of your family.

To help you make an estimate we have drawn a scale (rather like a thermometer) on which the best
quality of life you could imagine is marked by 100 at the top, and the worst quality of life you could
imagine is marked by 0 at the bottom.

Please think about all the things which are important to you and your family in your everyday lives and
then draw a line from the box marked “the quality of life of your family today” to whichever point on the
scale you feel is right for your family.

Best
can imagine

Worst you
can imagine

100

90

80

70

60

50

40

30

20

10

0

The Quality of Life 
of your family today





Q1. Do you have any difficulty with your hearing? No/Yes

Q2. Do you find it very difficult to follow a conversation if there is background noise 
(such as TV, radio, children playing)? No/Yes

Q3. How well do you hear someone talking to you when that person is sitting on your 
RIGHT SIDE in a quiet room? 

With no difficulty
With slight difficulty
With moderate difficulty
With great difficulty
Cannot hear at all

Q4. How well do you hear someone talking to you when that person is sitting on your 
LEFT SIDE in a quiet room?

With no difficulty
With slight difficulty
With moderate difficulty
With great difficulty
Cannot hear at all

Q5. Do you use a hearing aid nowadays? No/Yes
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Appendix 6

Strand 2 – screening questionnaire





Acceptability, benefit and costs of
early screening for hearing
disability: focus group of patients
Introduction
A focus group of nine young elderly people
(55–74 years of age), who had in the last 2 years
been fitted with either one or two ITE hearing
aid(s) following the completion of an early
screening for hearing disability questionnaire at
their GP’s surgery, was held at the Ear Foundation,
Nottingham. The purpose of the focus group was
to seek the group’s views and experiences of
hearing loss, the early screening programme and
the effectiveness of their new hearing aids. 

Background
Purpose of the study
In the UK 1.9 million people aged 55–74 years
would benefit greatly from a hearing aid. However,
only one in five of these people actually uses a
hearing aid. The average age of individuals who
consult their GP with concerns about their hearing
is 75 years and in many cases these hearing
difficulties have been present for an average of
15–20 years. Research has shown that if hearing
aids are fitted earlier, they provide each individual
with more help with their hearing and the fewer
problems they have later in life if hearing
deteriorates even further.  A screening
questionnaire has been developed by the MRC
IHR, Nottingham, that aims to identify which
55–74 year olds will benefit from early fitting of a
hearing aid.

Questionnaires were distributed to general
practices in the Nottingham area and patients
were either asked or self-selected to fill in the
questionnaire. Those who completed the
questionnaire indicating possible problems with
their hearing were asked to visit the IHRCS for
some hearing tests.

Those identified with hearing loss were fitted with
ITE hearing aids.

Current study
As well as the quantitative research that has been
drawn together on the effectiveness of this

intervention by the IHR, it was felt that this work
could be supplemented and enriched by a
qualitative study of a randomly selected focus
group of patients who participated in the study.
Fifty-three patients were randomly selected from
the patient list and were written to. Forty-one
patients had responded within a week of the
invitation being sent, of whom 14 could attend.
Many of those who declined did so due to other
commitments but expressed an interest. Nine of
the 14 patients were randomly selected to come to
the Ear Foundation on 6 October 2004 and meet
for 2 hours with an independent consultant to give
their views about the research project and how
they were getting on with their new hearing aid(s).

The focus group meeting followed the group’s
historical experience with hearing loss along the
following lines:

● before contact with the audiological service and
then the first contact

● the assessment, fitting and follow-up process
● how they had been with their aid(s) and how

things were now
● what they thought of the idea of a hearing loss

screen for all elderly people. 

Executive summary
All patients in the focus group were supportive of
the idea of an early screen for 55–74 year olds.
They were enthusiastic about the service they had
received and, in the main, were using their
hearing aid(s) as a regular part of their lives. 

The one major concern they expressed was the
provision of an adequate after-care service for
repairs and reassessments. Without this back-up
service they felt that the screen would be less than
fully effective, in terms of raising expectation of a
new quality of life and then to be disappointed by
the lack of continuity of care. In fairness, the
provision of appropriate after-care was not a part
of the early screening study, but would need to be
addressed if the programme was implemented on
a more widescale basis.

There is no doubt that this group of patients felt
that their lives had been enriched by taking part
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Appendix 7

Strand 2 – focus group report: 2-year follow-up



in the study and that they had been saved from
many years of deafness and hard of hearing by
this early intervention.

The detailed study
Before contact with the audiological service
(patients, direct quotes)

“I had a test 15 years before which showed 50% loss
in one ear and I knew there had been further
deterioration because I was shouting on the phone.”

“My friends kept mumbling!”

“I was aware of deterioration when listening to
records; I knew the top end of my hearing was falling
away.”

“My television knob was getting further and further to
the right!”

“You don’t realise you are going deaf, you just think
people are talking more softly.”

“I refused to accept that I was going deaf, I didn’t
want a big aid on my ear – first your hair and then
your ears!”

“It had never occurred to me – I thought it was wax,
but the practice nurse said I had no wax. I thought
she was wrong.”

“I did not think it was as bad as it was.”

“I knew it was going but I kept putting it off, but the
wife kept going on at me, I was tired of saying ‘sorry,
what did you say?”

“People make a joke of it, so you don’t like to admit it.
You wouldn’t treat a blind person the same.”

First contact with the early detection of hearing
loss questionnaire
Three of the group saw the questionnaire on the
table in the waiting room at their GP’s surgery;
two received the questionnaire in the post from
their surgery; the rest were asked by the
receptionist to fill in the questionnaire. Their GP
appointment was unrelated.

None had any reservations about filling in the
questionnaire. They thought that it was
straightforward and simple to complete. It was
good to be offered the chance, they said; it might
be a short cut, a good way of checking what the
loss was.

The assessment, fitting and follow-up process
“Initially it was hard to take in, I didn’t think I was
deaf.”

“It was a very good experience but even when I was
being tested I felt a reluctance, found myself still
trying to trick the system – guessing, hoping I got the
right one.”

“The noise tape was very interesting.”

“Very professional, very supportive, treated you like a
human being; didn’t hurry you, left it open for you.”

“They weren’t pushy, said wear it for two weeks, see
how it goes.”

“Initially I was hearing things I had never heard
before – tap running, water going down the drain,
clock ticking, I didn’t know there were so many
everyday noises.”

“The way you are treated really matters – I thought
she fancied me!”

How has your hearing been since it was fitted?
How has the aid worked?
Two of the group had been struggling with their
aid(s). For one the left aid had packed up, it had
been taken back for repair three times and now 
it did not work at all. This patient needed to take
it back but hadn’t got round to it. The other
couldn’t get the battery in or out. When this 
was checked she had put it in the wrong way. 
She said her daughter had been ill and this was
rather more important than getting her aid
sorted.

The rest of the group were generally getting along
fine and were adamant that the aid(s) had greatly
improved the quality of their lives.

They exchanged tips about how to get the best of
different situations, for example, when going to a
restaurant sit with a wall behind you to minimise
the effect of conversations from behind.

There had been various problem situations. For
example, if you hold the telephone too near, you
get a big buzz. They shared ways of coping with
the telephone; they talked of the need for good
telephone technique! Several of the group went
dancing regularly and they said that when
dancing, if there are speakers only at one end, you
tend to pick up the gossip close by rather than the
music – there is a lot of unfocused chatter nearby.
Also some said that their ear canal gets a bit sore.
The ITE was creating too much moisture and they
were getting through their wax busters very
quickly. Again on windy days many of them had to
take the aids out altogether because the sound of
the wind was so bad.
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However, they said that there were many new
wonderful things in their lives: birds singing in the
garden, for example. They talked of the mixed
feelings about their first experiences with the new
aid. On the one hand, the traffic noise as they left
the Queen’s Medical Centre was very scary. On the
other, as many of them reached the park the
sounds of the birds were wonderful; this was a very
memorable experience.

Most of the group said that they would not like a
BTE aid. They were concerned about what would
happen if their ITE aid failed. Would they have to
have a BTE? This was an issue of concern for
many of them. When they were pressed later about
the choice between BTE and no aid at all they all
said, reluctantly, that they would choose a BTE
rather than nothing.

Several of the group had been experiencing
difficulties with reassessment. They felt that the
after-service they were receiving from the local
audiology service was poor. The repair service was
OK but they felt that if the repair service did not
correct any problems then you were on your own.
One spoke of a 10–12-week wait becoming more
like 10–12 months.

Patient responses to the idea of an early
screening for hearing loss questionnaire for 
55–74 year olds

The group were very supportive of an audiological
screen for 55–74 year olds, as long as a
comprehensive service could be provided. There
was no point in building up expectations if the
mainstream service could not deliver a good after-
care service. They talked of the joy of hearing
again only to be let down if there was no adequate
back-up: it had to be a whole package.

Some of them had become real advocates for
hearing. They spoke of the fact that things could
only get worse for the population as a whole with
so much loud music and sound around damaging
young ears. There was the need for more hearing

education. They spoke of the need for different
attitudes in society to deafness. Deafness was often
an area to be laughed at. Deaf people needed to
be more assertive and needed training in
assertiveness: ‘I’m sorry, I do not hear very well,
could you repeat that again and possibly speak a
little more slowly’. People do not want to admit
they are deaf and need permission to say that they
cannot hear.

One of the group said that he praises his hearing
aid to his friends; he has realised that many of
them are hard of hearing and has become an
advocate, a champion, explaining to friends and
colleagues that many of them have a similar need
and should do something about it.

They spoke of the raising of the age for
retirement. If working to 70 was in any way to be a
reality then there needed to be considerable
investment to keep people in employment, and
loss of hearing was one of the most important
areas here. They returned to the theme of a
sufficiently comprehensive service to meet this
demand.

They universally said that their lives had improved
with the new aid(s). They had not realised how
badly they often felt in social and public situations,
where they felt real pressure because they could
not hear. It was very stressful to go out. Now they
felt much more confident to converse with a
number of people in a range of settings; the
embarrassment factor had been taken away.

The group shared that many of them now feel that
they can hear better than most other people. One
spoke of a rattle in his car that nobody else could
hear but when the mechanic checked there was
something wrong! Although the new aid was not a
replacement for young ears it was still a massive
advantage.

Martin Evans
Independent Consultant
13 October 2004
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All of the following criteria should be met 
before screening for a condition is initiated:

where evidence is cited it is part of the current
report unless explicitly referenced.

The condition
1. The condition should be an important health

problem

One in five of the adult UK population has a
bilateral hearing impairment (25+ dB HL) which
affects their hearing and communication. The
condition is mainly associated with older adults:

● 30% aged 55–74 years have bilateral hearing
impairment

● 14% of this age group have impairment of at
least 35 dB HL, of whom only 3% have 
effective amplification through the use of
hearing aids. 

The impact of this degree of hearing impairment
and reduced ability to communicate is substantial.
There is a reduction in quality of life (depending
on the quality of life instrument used to measure
this):

● 4% of people aged 55-74 years are severely
worried or upset about difficulties they have
with hearing 

● another 8% are moderately worried or upset
● 8% of people over 75 years are severely worried

or upset and have considerable difficulty using
hearing aids for the first time.

Communication difficulties associated with
hearing impairment cross the whole health and
social care spectrum. They can lead to depression,
social withdrawal, problems with employment, and
access to IT and information sources. 

People with hearing impairment are highly likely
to have other problems (40% co-morbidity), such
as tinnitus and balance disorders, which contribute
in part as risk factors for falls and other accidental
injury. Imbalance and falls in older people are
frequent causes of loss of independence, avoidable
illness and mortality.

2. The epidemiology and natural history of the
condition, including development from latent
to declared disease, should be adequately
understood and there should be a detectable
risk factor or disease marker, and a latent
period or early symptomatic stage

The epidemiology of hearing impairment is well
understood. There are two major risk factors:

● age 
● noise exposure,

which are additive in terms of overall population
impact. There is high co-morbidity with other age-
related diseases. Hearing loss is often associated
with other systemic problems such as diabetes, and
can be a by-product of treatments for cancer. 

The prevalence of hearing impairment in the
over-50s increases rapidly with age. One in two
people aged over 80 has a substantial hearing
impairment which greatly restricts communication
and participation in activities where
communication is important. Recent work93

suggests that the onset of hearing problems is one
of four factors that predicts major incident
disability in the over 65-year-old population.

Cross-sectional and longitudinal studies show that
hearing impairment is shown to progress from

● about 5 dB per decade of life at about 50 years
of age 

and increase with increasing age to 

● about 7 dB per decade in 60–65 year olds. 

Typically, it takes 10 years for an individual to
recognise that they have a hearing problem (and a
shorter time for significant others). Over the next
15 years hearing impairment will be an increasing
population problem, because of the ageing
population profile. It is likely to increase by
10–15% in population terms, without any shift in
the prevalence of hearing impairment.

The degree of hearing impairment can be readily
assessed and is a major factor that predicts ability
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to benefit from hearing aids. It is proposed that a
‘disease marker’ of an impairment is used of
35 dB HL (averaged over 0.5, 1, 2 and 4 kHz) or
over in the better hearing ear (prevalence 14%).
About 11% of the 55–74-year-old age group have
this level of impairment without receiving any
intervention. This reduces to 4% at the age of
60 years. 

3. All the cost-effective primary prevention
interventions should have been implemented
as far as practicable

The primary risk factors are age and noise exposure.
Hearing protectors are now prescribed for noisy
occupations. However, the damage for those aged
55–74 years has already been done, and there is
nothing else to do to prevent the hearing loss. For
future generations education and legislation are the
main factors that will reduce the impact of avoidable
deafness. Much of the heavy industry in the UK has
ceased to operate and this has reduced the overall
population exposure to loud noise. Social noise is
now one of the major risks for hearing impairment
and tinnitus in younger people.

The test
4. There should be a simple, safe, precise and

validated screening test

A simple two-stage screening programme is
suggested, using

● a systematic questionnaire (this could be self-
assessment/postal)

● an audiometric screen using a pure tone at
3 kHz with an intensity of 35 dB HL tested
separately in each ear. 

This screening programme is simple and
accessible to all. It is safe, and has a good
sensitivity (80% or more) and a low false alarm
rate (10% or below). The current study shows the
clinical and scientific validity of such a systematic
screen and its relationship to many other potential
screens. A one-stage audiometric screen might be
feasible in the near future.

Screens using other techniques, such as
otoacoustic emissions and speech tests, have been
shown scientifically to be

● less effective
● more complex 
● less flexible 

in identifying the target population. It is
suggested that the screen is carried out initially at
60 years of age, with potential for screening in the
future at 10-yearly intervals.

5. The distribution of test values in the target
population should be known and a suitable
cut-off level defined and agreed

The operating characteristics of the two-stage
screening programme and its single components
have been determined and are reported. The
proposed screening programme gives the best d�
and gives approximately minimum costs for
screening. A cut-off target level of 35 dB HL has
been defined and demonstrated to be most cost-
effective. Agreement by clinicians needs to be
tested.

6. The test should be acceptable to the
population

The interview schedule with a randomly selected
representative population aged 55–74 years shows
that

● 96% think that screening for hearing problems
is a good idea

● 94–96% say that they would be prepared to 
go to the GP’s surgery for a hearing test 
compared with 83% prepared to go to the
hospital. 

The clinical trial shows that the screening
programme and its two tests are acceptable to the
population, with a reasonably high degree of
participation (>60% response rate to the postal
questionnaire) in the controlled trial of different
screen methods.

7. There should be an agreed policy on the
further diagnostic investigation of individuals
with a positive test result and on the choices
available to those individuals

Individuals with a positive test result will be
referred for a routine audiological assessment,
similar in all respects to those referred to 
hearing aid centres by the GP Direct Referral
scheme. This is a 45-minute assessment session
with an agreed patient journey that offers the
patients clear choices before, during and after
assessment, in line with Modernised Hearing 
Aid Services (MHAS) protocols (agreed by the
professional and scientific organisations, British
Academy of Audiology and BSA) and in line with
RNID quality standards.
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The treatment
8. There should be an effective treatment or

intervention for patients identified through
early detection, with evidence of early
treatment leading to better outcomes than late
treatment

The effective intervention for hearing impairment
of 35 dB HL or over in both ears is addressed
through

● an appropriate assessment of hearing function 
● in most cases, offering appropriate intervention

which will include tailored amplification
provided by 
– hearing aids 
– appropriate rehabilitation. 

This approach will be more readily accepted by
the younger, potential hearing aid users if they are
provided with the smaller in-the-ear (ITE) hearing
aids than the standard behind-the-ear (BTE)
hearing aids currently on contract to the NHS.
The ITE hearing aids provide very substantial
improvements in hearing both in quiet and in
noise. They give better hearing outcome scores
than for equivalently hearing-impaired people
with BTE hearing aids. So there is a better
outcome, both at any given age and at any hearing
level. In addition, there are substantial cumulative
benefits for the years where no hearing aids would
have been provided. 

The rate of change in hearing impairment at
60–70 years of age is such that the increase in
prevalence of the target group outweighs by 2:1
the change in provision of services. Therefore, the
current services do not meet the incident needs
(let alone the prevalent needs), primarily owing to
lack of identification and referral to hearing
services. The benefit in quality of life measured by
HUI (version 3) is substantial from 3 months
following the outset of rehabilitation.

Screening can identify people currently not using
hearing aids who would benefit. Following
screening, not everyone who is suitable will accept
the offer of a hearing aid, although this number
would be expected to increase with improved
design. Uptake of aids after screening in this study
was 36%. There is a need for improved support
for those who accept a hearing aid to ensure that
aids are used effectively, and that the user is
supported in the learning and adaptation period,
to increase the number who experience significant
benefit from the use of an aid (36% of those

identified following screening and fitted with an
aid reported significant benefit).

9. There should be agreed evidence-based
policies covering which individuals should be
offered treatment and the appropriate
treatment to be offered

There is agreement that those who are in the
target group identified by audiological assessment
should be offered rehabilitation that will include

● amplification through hearing aids 
● other devices, e.g. assistive listening devices,

usually provided by social services. 

Evidence from this study and others (e.g. MHAS)
shows that this intervention provides measurable,
substantial benefits for the target population, as
well as for those who are assessed and found to
have other clinical needs that can be addressed
through amplification (e.g. tinnitus). 

10. Clinical management of the condition and
patient outcomes should be optimised by all
healthcare providers prior to participation
in a screening programme

The MHAS programme in England and
equivalent work in Wales, Scotland and Northern
Ireland has agreed a national patient journey for
all types of referral. This has provided an
optimised approach which, together with the
quality standards being introduced by the
profession, should ensure a high quality of service.
The capacity gap is a major issue that is being
resolved by a number of initiatives.

The screening programme
11. There must be evidence from high-quality

randomised controlled trials that the
screening programme is effective in
reducing mortality or morbidity

Where screening is aimed solely at providing
information to allow the person being screened 
to make an ‘informed choice’ (e.g. Down’s
syndrome, cystic fibrosis carrier screening), there
must be evidence from high-quality trials that the
test accurately measures risk. The information 
that is provided about the test and its outcome
must be of value and readily understood by the
individual being screened. The work undertaken
for the HTA programme addressed these issues in
three ways.
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Population study
In the first instance, individuals were selected
randomly in two cities for screening and
assessment. It was shown that there was much
untreated disability in the population aged
55–74 years. This was (greatly) reduced by
screening and early intervention (average age of
people undergoing intervention was 65 years of
age, compared with 74 years of age for new NHS
hearing aid referrals). This suggests that 9
additional years of better hearing and quality of
life can be secured by the screening programme. 

It is not clear when or whether those identified by
the screen would, without the screen, actually seek
and find an appropriate intervention. Therefore,
any screening programme should aim to identify
earlier rather than later and to identify more
impaired people as a priority rather than less
impaired people, as the former are more prepared
to use their hearing aids. 

Clinical effectiveness trial
Secondly, a controlled trial was conducted of two
different approaches to screening (opportunistic
case finding versus systematic screening). Within
this, information was collected on single- and two-
stage screening programmes and associated tests.
People were offered a wide range of interventions
that were randomly assigned so that compliance
and benefits could be examined. Those identified
by the proposed screening programme showed
measurable benefits in terms of their hearing and
quality of life, and those in the target group
showed greater benefits. Again, the average age of
intervention was about 65 years, and the
distribution of hearing loss for those in the
proposed target group was similar to that of new
hearing aid candidates.

Retrospective case control–study
Thirdly, a high-quality case–control study was
conducted that compared a group of early-
identified hearing aid users in Cardiff 10 years
ago, with controls matched for age, gender and
occupation in Cardiff, Glasgow and Manchester. 

There was additional benefit for those identified
earlier. A long-term, e.g. 10 years in duration,
randomised control trial would be needed to
assess the incident services that those in the target
group might receive without screening. However,
it is clear from the cross-sectional data (and 
a 20-year longitudinal study by this group;
unpublished data) that most of these people,
especially those aged around 60 years, will not
receive any services unless screened. For those that

do receive services, it is more likely that those
services will be received when they are in their
seventies.

12. There should be evidence that the complete
screening programme (test, diagnostic
procedures, treatment/intervention) is
clinically, socially and ethically acceptable
to health professionals and the public

The complete screening programme is acceptable
to the public and is clinically, socially and ethically
acceptable. As part of the HTA Programme a wide
range of stakeholders has been consulted about
the research and screening programme. There has
been uniformly general acceptance of the need for
the programme and about what should happen
thereafter. However, restricting screening to a
target group and the age at which the screen
might be introduced were not specifically
discussed with all stakeholders.

13. The benefit from the screening programme
should outweigh the physical and
psychological harm (caused by the test,
diagnostic procedures and treatment)

There are real benefits from intervention,
discussed above. There are no known physical or
psychological harms associated with the screen
and intervention, apart from any stigma associated
with wearing hearing aids. Stigma can be
minimised, through counselling and using small
hearing aids, where financially justifiable. In the
long run, as screening becomes more commonly
accepted in this age group and as aids are seen as
more ‘high tech’, it should help to minimise the
stigma associated with the thought of ‘not wanting
to be seen to be old’ by wearing a hearing aid.
Some people may feel nervous about a visit to the
GP to have a hearing screen test (7%), but this is
likely to be true of other tests and screens.

14. The opportunity cost of the screening
programme (including testing, diagnosis,
treatment, administration, training and
quality assurance) should be economically
balanced in relation to expenditure on
medical care as a whole (i.e. value for
money)

The cost-effectiveness analysis carried out within
this study is exploratory and further work will be
required on this aspect of the study. At this stage,
the results of the analysis provide a good indicator
that the proposed screening programme makes
good economic sense in relation to a service
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costing £100–120 million per year. In terms of
value for money, the screening programme will
cost in the region of £1000 per QALY gained for
9 years’ incremental intervention (compared with
no intervention) using the HUI3 or £6000 using
the SF-6D.

15. There must be a plan for managing and
monitoring the screening programme and an
agreed set of quality assurance standards

The management and monitoring of the screening
programme and quality assurance would be the
next steps in service development. The screening
programme could be managed locally through the
patient management systems used by audiology in
consultation with the NPfIT (National Programme
for IT) programme. Synergy with other screening
programmes and registers (e.g. the colon
screening and diabetic screening programmes)
would be explored.

16. Adequate staffing and facilities for testing,
diagnosis, treatment and programme
management should be made available prior
to the commencement of the screening
programme

As part of the MHAS programme in England all
hearing aid departments have been trained, and a
similar effort has been undertaken in Wales and
Northern Ireland, with Scotland investing in
infrastructure. So, good facilities exist for testing,
diagnosis and intervention, including IT systems
where appropriate. The authors are talking 
with Professor Sue Hill and the workforce review
team about the staffing of hearing aid centres,
which is of concern regarding the target 
waiting time of 18 weeks for treatment by 2008.
Skill mix, telemedicine and private sector
initiatives have been implemented to begin to
meet the staffing gap. It would be expected and

has been discussed that screening (and
assessment) may be one pressure that can be
applied to meet need in the population, and that
this will be one part of the system that can be
looked at in a similar light. 

17. All other options for managing the condition
should have been considered (e.g. improving
treatment, providing other services), to
ensure that no more cost-effective
intervention could be introduced or current
interventions increased within the resources
available

Most other options have been explored to enable
more people to have their hearing assessed and to
use hearing aids. The advantage of systematic
screening is that it can be targeted at those who
really can benefit substantially. Other methods
may lead to a huge demand that the system
cannot justifiably meet and which would not
deliver enough measurable benefit to sufficient
numbers.

18. Evidence-based information, explaining the
consequences of testing, investigation and
treatment, should be made available to
potential participants to assist them in
making an informed choice

The RNID and other representative organisations
have information developed for MHAS that
explains the hearing assessment, the typical
patient journey and the choices that are available
in terms of amplification and rehabilitation.

Public pressure for widening the eligibility criteria
for reducing the screening interval, and for
increasing the sensitivity of the testing process,
should be anticipated. Decisions about these
parameters should be scientifically justifiable to
the public.
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Tables 54–64 show for each outcome criterion
the screen performance for each of the

possible single-stage screens and two-stage screens.
The parameters shown in the tables are: sensitivity
of the screen (sen), false alarm rate (fa), d�
(dprime), the estimated criterion used (crit), the

overall average cost including treatment over
10 years (cost.avg), the slope of the ROC curve at
which the costs are minimised (cost.slope), the cost
of the screening component alone (cost.sc.avg)
and the slope of the ROC curve at which the
screening costs are minimised (cost.sc.slope).
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