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Background

Patients with severe-to-profound hearing loss may benefit from management with cochlear

implants. These patients need a referral to a cochlear implant team for further assessment

and possible surgery. The referral pathway may result in varied access to hearing health-

care. This study aimed to explore referral patterns and whether there were any socioeco-

nomic or ethnic associations with the likelihood of referral. The primary outcome was to

determine factors influencing referral for implant assessment. The secondary outcome was

to identify factors impacting whether healthcare professionals had discussed the option of

referral.

Methods and findings

A multicentre multidisciplinary observational study was conducted in secondary care Otolar-

yngology and Audiology units in Great Britain. Adults fulfilling NICE (2019) audiometric crite-

ria for implant assessment were identified over a 6-month period between 1 July and 31

December 2021. Patient- and site-specific characteristics were extracted. Multivariable

binary logistic regression was employed to compare a range of factors influencing the likeli-

hood of implant discussion and referral including patient-specific (demographics, past medi-

cal history, and degree of hearing loss) and site-specific factors (cochlear implant champion

and whether the hospital performed implants).

PLOS MEDICINE

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004296 April 4, 2024 1 / 21

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Swords C, Ghedia R, Blanchford H,

Arwyn–Jones J, Heward E, Milinis K, et al. (2024)

Socioeconomic and ethnic disparities associated

with access to cochlear implantation for severe-to-

profound hearing loss: A multicentre observational

study of UK adults. PLoS Med 21(4): e1004296.

https://doi.org/10.1371/journal.pmed.1004296

Received: September 10, 2023

Accepted: February 8, 2024

Published: April 4, 2024

Copyright: © 2024 Swords et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: The data underlying

this article cannot be shared publicly due to a

combination of restrictions relating to local data-

sharing laws and the specific data-sharing

agreements that were put in place to allow this

cohort to be compiled. The data will be shared

following reasonable request to info@entintegrate.

co.uk. Requests will be raised with the project

management team for permission to make the data

available to those who meet the requirements to

access confidential patient data. This process will

take place in a secure environment in compliance

with our existing legal constraints.

https://orcid.org/0000-0002-0431-4491
https://orcid.org/0000-0001-8285-7662
https://orcid.org/0000-0001-9771-5595
https://orcid.org/0000-0002-1035-3307
https://orcid.org/0000-0002-9692-646X
https://orcid.org/0000-0002-1311-0335
https://orcid.org/0000-0002-6591-5119
https://orcid.org/0000-0001-8147-1549
https://orcid.org/0000-0001-8050-3617
https://orcid.org/0000-0003-3065-0269
https://doi.org/10.1371/journal.pmed.1004296
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1004296&domain=pdf&date_stamp=2024-04-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1004296&domain=pdf&date_stamp=2024-04-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1004296&domain=pdf&date_stamp=2024-04-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1004296&domain=pdf&date_stamp=2024-04-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1004296&domain=pdf&date_stamp=2024-04-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1004296&domain=pdf&date_stamp=2024-04-04
https://doi.org/10.1371/journal.pmed.1004296
http://creativecommons.org/licenses/by/4.0/
mailto:info@entintegrate.co.uk
mailto:info@entintegrate.co.uk


Hospitals across all 4 devolved nations of the UK were invited to participate, with data

submitted from 36 urban hospitals across England, Scotland, and Wales. Nine hospitals

(25%) conducted cochlear implant assessments. The majority of patients lived in England (n

= 5,587, 86.2%); the rest lived in Wales (n = 419, 6.5%) and Scotland (n = 233, 3.6%). The

mean patient age was 72 ± 19 years (mean ± standard deviation); 54% were male, and

75�3% of participants were white, 6�3% were Asian, 1�5% were black, 0�05% were mixed,

and 4�6% were self-defined as a different ethnicity.

Of 6,482 submitted patients meeting pure tone audiometric thresholds for cochlear

implantation, 311 already had a cochlear implant. Of the remaining 6,171, 35.7% were

informed they were eligible for an implant, but only 9.7% were referred for assessment.

When adjusted for site- and patient-specific factors, stand-out findings included that adults

were less likely to be referred if they lived in more deprived area decile within Indices of Mul-

tiple Deprivation (4th (odds ratio (OR): 2�19; 95% confidence interval (CI): [1�31, 3�66]; p =

0�002), 5th (2�02; [1�21, 3�38]; p = 0�05), 6th (2�32; [1�41, 3�83]; p = 0.05), and 8th (2�07;

[1�25, 3�42]; p = 0�004)), lived in London (0�40; [0�29, 0�57]; p < 0�001), were male (females

1�52; [1�27, 1�81]; p < 0�001), or were older (0�97; [0�96, 0�97]; p < 0�001). They were less

likely to be informed of their potential eligibility if they lived in more deprived areas (4th (1�99;

[1�49, 2�66]; p < 0�001), 5th (1�75; [1�31, 2�33], p < 0�001), 6th (1�85; [1�39, 2�45]; p < 0�001),

7th (1�66; [1�25, 2�21]; p < 0�001), and 8th (1�74; [1�31, 2�31]; p < 0�001) deciles), the North

of England or London (North 0�74; [0�62, 0�89]; p = 0�001; London 0�44; [0�35, 0�56]; p <
0�001), were of Asian or black ethnic backgrounds compared to white patients (Asian 0�58;

[0�43, 0�79]; p < 0�001; black 0�56; [0�34, 0�92]; p = 0�021), were male (females 1�46; [1�31,

1�62]; p < 0�001), or were older (0�98; [0�98, 0�98]; p < 0�001).

The study methodology was limited by its observational nature, reliance on accurate doc-

umentation of the referring service, and potential underrepresentation of certain demo-

graphic groups.

Conclusions

The majority of adults meeting pure tone audiometric threshold criteria for cochlear implan-

tation are currently not appropriately referred for assessment. There is scope to target

underrepresented patient groups to improve referral rates. Future research should engage

stakeholders to explore the reasons behind the disparities. Implementing straightforward

measures, such as educational initiatives and automated pop-up tools for immediate identifi-

cation, can help streamline the referral process.

Author summary

Why was this study done?

• This study was undertaken to investigate referral patterns for cochlear implantation

among patients meeting pure tone audiometric threshold criteria in Great Britain and to

identify if socioeconomic or ethnic disparities effect the likelihood of referral.
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What did the researchers do and find?

• Researchers conducted an observational study across 36 secondary care Otolaryngol-

ogy and Audiology units in Great Britain, focusing on adults who met pure tone audio-

metric threshold criteria for cochlear implant assessment.

• Of 6,171 included adults identified, 36% were informed of their potential eligibility

for a cochlear implant, but only 9% were actually referred for assessment.

• Referral likelihood was lower for those in more deprived areas, living in London, of

male sex, or older age.

• Ethnic minorities, particularly of Asian or black backgrounds, were also less likely to

be informed about their eligibility.

What do these findings mean?

• These data suggest that the majority of adults meeting pure tone audiometric thresh-

old criteria for cochlear implantation are not being referred appropriately for cochlear

implant assessments, indicating significant disparities in patient management based on

socioeconomic status, ethnicity, and sex.

• These disparities suggest a need for targeted efforts to improve referral rates among

underrepresented groups and to ensure all patients are informed of their treatment

options.

• Further research is required to understand and address these disparities, with initia-

tives to ensure informed decision-making, educate healthcare providers, and explore rea-

sons for declining cochlear implant assessments, especially among older ethnic minority

groups.

• Study limitations include its observational retrospective nature, potential inaccuracies

in the reporting of sex and gender, and the impact of the COVID-19 pandemic on referral

protocols.

Introduction

In the United Kingdom (UK), one in 5 adults experiences hearing loss, with approximately 1�2

million people suffering from severe–to–profound loss [1]. By 2030, hearing loss is expected to

be a top 10 health burden, costing the UK £38�6 billion per year [2]. A cochlear implant (CI),

which bypasses inner ear damage providing a clearer auditory signal to the brain (compared to

hearing aids), is an effective treatment for this degree of hearing loss [3]. Implantation has con-

sistently been demonstrated to improve patient quality of life [4].

Patients receiving treatment from the National Health Service (NHS) in the UK would typi-

cally require their primary care practitioner to make a referral to Otolaryngology or Audiology

secondary care service for their hearing or other otological symptoms. In the secondary care

setting, a pure tone audiogram can be arranged. If the patient meets the pure tone audiometric

threshold criteria for cochlear implantation, they should have a discussion about their poten-

tial eligibility for cochlear implantation. If the patient agrees, they can be referred to a cochlear

implant centre where a multidisciplinary team will conduct further detailed audiological test-

ing including speech audiometry and clinical evaluation before proceeding with surgery and

rehabilitation. Speech audiometry is not routinely performed for standard audiological assess-

ment for hearing loss. There are only 20 cochlear implant centres across the UK. Many patients
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are routinely under audiology services to fit and maintain their conventional hearing aids and

can be referred for cochlear implantation if their hearing deteriorates.

In the UK, the National Institute for Health and Care Excellence (NICE) has recommended

that unilateral cochlear implantation is considered for adults who have severe-to-profound

hearing loss. In March 2019, the definition of severe-to-profound hearing loss was updated by

NICE to be greater than or equal to 80 dBHL at 2 or more frequencies. Prior to this update, the

definition was greater than or equal to 90 dBHL at 2 or more frequencies.

Despite the reported benefits of implantation, it has been recognised that many adults who

could benefit are never implanted [5]. The implantation rate is thought to be as low as 5% to

10% of those potentially eligible [6], although there has been no recent assessment of this

across the UK. Although disparities have been documented in hearing healthcare and implant

uptake, the majority of studies evaluating access to implants focus on what happens once

patients are assessed at implant centres, rather than the stages leading up to and including

referral for assessment [7,8]. Analysing patterns at these gateway stages in a patient’s cochlear

implant journey, may lead to a deeper understanding of the referral pathway, enabling identifi-

cation of the main drivers of inequalities in care, as well as the impact of key healthcare dispar-

ities, such as ethnicity and socioeconomic status.

The first aim of the study was to examine what proportion of patients who had met the

pure tone audiometric threshold criteria for cochlear implantation as per the NICE guidelines

had discussion about their eligibility and referred for further assessment by a cochlear implant

team. The second aim was to identify if any determinants of socioeconomic and ethnic

inequalities were associated with referral for these patients. This was done via a multicentre

national assessment of eligible patients meeting the pure tone audiometric threshold criteria.

Our working hypothesis posited that not all eligible patients are consistently referred for

assessment and that referral rates may differ across ethnic or socioeconomic cohorts. Assessing

disparities between patients who had a symptom of hearing loss and sought medical care to

those who did not, and those who were referred from primary care to secondary care and

those who were not was outside the scope of this study.

Methods

This study is reported as per the Strengthening the Reporting of Observational Studies in Epi-

demiology (STROBE) guideline (S1 Checklist). The study protocol was published in advance

(https://entintegrate.co.uk).

Ethical considerations

The Health Research Authority decision tool determined that the study design fell under the

remit of a service evaluation, and so no ethical approval was required (available at http://hra-

decisiontools.org.uk/research/).

Study design and population

A study was conducted to identify all adults with severe-to-profound hearing loss who were

eligible for a cochlear implant based on pure tone threshold criteria. This meant only patients

seen in secondary care audiology were able to be included due to the methodology. The inclu-

sion criteria were adults (18 years and older) who had audiometric testing (pure-tone audiom-

etry, auditory brainstem response or comparable) between 1 July and 31 December 2021 that

confirmed their eligibility for referral after completing audiometric evaluation as per the

revised NICE criteria [3]. Eligible audiometric thresholds were defined as hearing only sounds

that were louder than 80 decibel hearing level (dBHL) at 2 or more frequencies (0.5/1/2/3/4

PLOS MEDICINE Socioeconomic and ethnic disparities associated with access to cochlear implantation

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004296 April 4, 2024 4 / 21

https://entintegrate.co.uk/
http://hra-decisiontools.org.uk/research/
http://hra-decisiontools.org.uk/research/
https://doi.org/10.1371/journal.pmed.1004296


kHz) bilaterally when unaided [3]. To promote homogeneity, data were only accepted from

centres with Auditbase software (Auditdata, Copenhagen, Denmark), the most commonly

used UK audiology software.

The study was delivered by INTEGRATE (UK Otolaryngology Trainee Research Network),

and supported by the British Society of Otology (BSO), and British Cochlear Implant Group

(BCIG). All adult UK general otolaryngology, otology, audiology, and audiovestibular depart-

ments were invited to participate via social media and mailouts from supporting organisations

(potential of 174 sites). Each participating site designated a site lead and registered the study in

accordance with local clinical governance guidelines. The Health Research Authority decision

tool determined that the study fell under the remit of a service evaluation, and so no ethical

approval was required (https://hra–decisiontools.org.uk/research/). Individual management

and follow-up was performed by the site team; the project management team only handled

anonymised data.

Case identification and collection

Eligible cases were identified on Auditbase, an audiology database, using an open-source

search tool, as designed by the BCIG (https://www.bcig.org.uk/champions_scheme.aspx).

Clinical and audiometric data were collected by local teams using a standardised form. Data

was collected from the Auditbase audiological electronic health record. If data was missing,

then further information was gathered from the clinical hospital electronic health record.

Anonymised forms were submitted to the project management team for analysis and de-dupli-

cation (S1 Appendix).

Sites converted patients’ postcode to Indices of Multiple Deprivation (IMD) ranks and dec-

iles prior to submission. Missing or ambiguous data were clarified with local sites to ensure

data completeness. Individual cases were not included if primary outcome data were missing.

Missing individual predictor variable data was not a criterion for exclusion.

Primary and secondary study outcomes

The primary outcome was to determine the factors influencing referralAU : PerPLOSstyle; italicsshouldnotbeusedforemphasis:Hence; allitalicizedwordshavebeenchangedtoregulartextthroughoutthearticle:after completing audio-

metric evaluation for implant assessment. The secondary outcome was to identify the factors

impacting on whether healthcare professionals had discussed the option of referral after com-

pleting audiometric evaluation with the patient.

Primary and secondary outcomes and predictor variables were identified through an exam-

ination of patient case notes, communications with primary care providers, and referral letters

sent to tertiary cochlear implant providers. This information was identified by either Audi-

tbase or the hospital clinical health records.

Predictor variables

The predictors of interest were socioeconomic and ethnicity measures. Socioeconomic mea-

sures were assessed according to the patient’s home postcode, which provided information

regarding the IMD decile and geographic region that adults lived in within the UK, according

to NHS (England). Further information regarding interpretation of IMD is provided in

S2 Appendix. In NHS healthcare records, ethnicity is coded according to the 2021 UK census

categories. This includes 5 categories (white, Asian, black, mixed, other), which are further

subcategorised into 19 subgroups. Patients select their chosen ethnicity, which is then stored

on their healthcare record. We also recorded whether English was the patient’s first language;

again this is a patient-reported measure.
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Other patient characteristics (demographic and healthcare) were extracted from patient

healthcare records and were chosen on the clinical basis as well as published literature. Vari-

ables included presence of multimorbidity (2 or more long-term health conditions), existence

of learning disabilities, physical disabilities, cognitive impairment, visual impairment, history

of meningitis, and degree of hearing loss (the severity boundary was defined as greater than 90

dBHL hearing threshold in line with NICE 2009 referral guidelines). Hospital factors (presence

of cochlear implant champion at the hospital and whether the hospital was an implant centre)

were collected by administering a questionnaire to site leads. Cochlear implant champions are

local clinicians (often audiologists) who have volunteered for this position and have been

trained through the British Academy of Audiology and BCIG to promote implant awareness

(https://www.baaudiology.org/professional-information/cochlear-implant-champions/). Their

role is to train, support, and empower local team members to counsel patients and their fami-

lies about cochlear implants and ensure that all eligible patients who meet pure tone audiomet-

ric threshold criteria are given the information needed to make an informed decision about

referral after completing audiometric evaluation. Additionally, cochlear implant champions

are responsible for monitoring and auditing cochlear implant pathways in their service and

dedicate 1 h of protected time per week to this process.

These variables were selected following a literature review to identify potentially important

confounding variables. The variables were discussed with a Scientific Expert Advisory Group,

comprising 18 experts in the field of Otolaryngology, Audiology, and Hearing science. This

enabled the incorporation of confounding variables into the multivariable regression model.

Statistics

Descriptive statistics were used to describe the proportions of eligible patients referred or dis-

cussed, and the characteristics of included patients. Categorical variables were analysed as

non-ordered nominal variables. Baseline characteristics were described as means or propor-

tions. They were compared across categories of ethnic groups using chi-squared tests for cate-

gorical variables and one-way analysis of variance for continuous variables.

Logistic regression modelling was planned to assess the relationship of variables with the

primary and secondary outcomes, without (simple logistic) and with (multiple backwards

stepwise) adjustments for socioeconomic, ethnicity, clinical, and hospital factors. Where possi-

ble, for categorical variables the reference value was defined by not having the condition; for

other categorical variables, categories with the greatest proportion of adults submitted were

selected (white, male adults, and the Midlands and East Region). In the case of IMD, we were

most interested in whether patients who live in the most deprived locations were less likely to

be referred; hence, for this category IMD score one was designated as the reference. As direct

comparisons between the 4 constituent nations of the UK were not possible for IMD [9], only

adults residing in England were considered for the multivariable adjusted regression model.

Data were presented as odds ratios (OR) and 95% confidence intervals (95% CI).

Statistical analyses were conducted using SPSS software version 28.0 (IBM, Chicago, United

States of America). A two-sided p-value of<0�05 was considered statistically significant. Sam-

ple size calculations were not performed; all eligible submitted data within the timeframe were

accepted.

Exploratory and sensitivity analysis

Exploratory analyses using the adjusted multivariable model were conducted for the relevant

deprivation domains that comprised the IMD decile rank: health, education, barriers to
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housing and services, as well as the income deprivation affecting older people index (IDAOPI).

These data were only available for adults with an English postcode (n = 5,587).

Some data were missing and were coded as “unknown.” Sensitivity analyses were per-

formed where adults with missing data were excluded to examine the potential for information

and confounding bias. Further analysis of missing data was performed by replacing missing

data using multiple imputation in SPSS.

Patient and public involvement

Patients often express to us that they wish they had been told about the option of implantation

earlier and have expressed concern that other patients may “miss out” due to geographical,

socioeconomic, ethnic, or other factors. While not directly involved in the methodology of this

study, patients and their families are actively involved in our group’s follow-on work to address

the inequalities highlighted in this study.

Results

Baseline patient characteristics

Data from 36 hospitals across England, Wales, and Scotland were submitted, representing

6,760 adults (Fig 1). No hospitals in Northern Ireland participated. The largest proportion of

data submitted was from centres in the Midlands and East of England region (30�4%). In total,

80 hospitals registered their interest; 24 were not eligible for involvement due to noncompati-

ble software and 20 withdrew following registration.

Following implementation of inclusion criteria and de-duplication of adults, 6,482 adults

met pure tone audiological threshold criteria (S1 Flowchart). The baseline characteristics of

the included adults are shown in Table 1. The mean age was 72 ± 19 years (mean ± standard

deviation); 53 9% of adults were male (Fig 2A), and 75�3% of participants were white, 6�3%

were Asian, 1�5% were black, 0�05% were mixed, and 4�6% were self-defined as a different eth-

nicity. Ethnicity data were missing in 11�8% of participants. As compared to the other ethnic

groups (Asian, black, mixed, other), white adults were older (62, 50, 58, 64 versus white 74

years, respectively) (Fig 2B). The age distributions of white and Asian adults were skewed to

the left. Age (continuous variable) was moderately positively associated with presence of multi-

morbidity (binary variable) (Pearson point-biserial correlation coefficient r = 0.3; p< 0.001),

and 311 adults who already had a cochlear implant were submitted, leaving 6,171 eligible

adults for inclusion in the regression analysis (S1 Flowchart).

Baseline hospital characteristics

Out of 36 hospitals submitting data, 9 (25%) conducted tertiary cochlear implant assessments

and surgery for adults with severe-to-profound hearing loss. A cochlear implant champion

was present in 27 (75%) of submitting hospitals, but the amount of dedicated nonclinical time

varied between hospitals from zero hours/unspecified per month (15 sites, representing 2,723

adults) to 2 h or fewer (4 sites/921 adults), to greater than 2 h (8 sites/1,593 adults).

Primary outcome

Association of ethnicity and socioeconomic predictors on likelihood of referral for

CI. Overall, 9.7% (n = 546/6,171) of eligible adults meeting pure tone audiological threshold

criteria were referred for implantation assessment. The results of the logistic regression models

for the association of predictor variables are shown in Table 2. In the fully adjusted model, the

deprivation index of adults was significantly associated with likelihood of referral after
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completing audiometric evaluation, with adults from the least deprived locations being more

likely to be referred than those from the most deprived. This association was strongest for

adults from the 4th (OR: 2�19; 95% CI: [1�31, 3�66]; p = 0.002), 5th (OR: 2�32; [1�41, 3�83];

p = 0.005), 6th (OR: 2�32; [1�41, 3�83]; p< 0.001), and 8th deciles (OR: 2�07; [1�25, 3�42];

p = 0.004), where 10th is the least deprived region. There were significant regional differences,

with adults living in London (OR: 0�40; [0�29, 0�57]; p< 0.001) being less likely to be referred

after completing audiometric evaluation compared to adults from the Midlands and East. Eth-

nicity was not significantly associated with likelihood for referral.

Fig 1. Map of the number of adults submitted to the study according to the region of residence. Black shading

indicates data was not submitted from this region. The image of the UK was adapted from mapSVG under the creative

commons license (https://mapsvg.com/maps/united-kingdom).

https://doi.org/10.1371/journal.pmed.1004296.g001

PLOS MEDICINE Socioeconomic and ethnic disparities associated with access to cochlear implantation

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004296 April 4, 2024 8 / 21

https://mapsvg.com/maps/united-kingdom
https://doi.org/10.1371/journal.pmed.1004296.g001
https://doi.org/10.1371/journal.pmed.1004296


Table 1. Baseline characteristics of included patients, stratified by ethnicity. Data are presented as n (column %) or mean [95% CI], other than age (mean ± SD).

dBHL: decibel hearing level. Values are given prior to removal of implanted patients.

Characteristic Asian (n = 408) Black (n = 95) Mixed (n = 33) Other (n = 300) Missing (n = 767) White (n = 4,879) Total (n = 6,482)

Age, mean [SD], years 61�91 [21�83] 50�28 [23�55] 58�44 [23�35] 64�18 [20�94] 72�56 [18�67] 73�65 [17�30] 71�93 [18�63]

Sex

Male 220 (53�9) 41 (43�2) 14 (42�4) 154 (51�3) 441 (57�5) 2,641 (40�7) 3,511 (54�2)

Female 181 (44�4) 53 (55�8) 19 (57�6) 144 (48) 316 (41�2) 2,217 (34�2) 2,930 (45�2)

Missing 7 (1�7) 1 (1�1) 0 (0) 2 (0�7) 10 (1�3) 21 (0�3) 41 (0�6)

Index of multiple deprivation decile

1 (most deprived) 74 (18�1) 11 (11�6) 4 (12�1) 41 (13�7) 63 (8�2) 426 (8�7) 619 (9�5)

2 79 (19�4) 24 (25�3) 9 (27�3) 34 (11�3) 49 (6�4) 432 (8�9) 627 (9�7)

3 38 (9�3) 18 (18�9) 2 (6�1) 22 (7�3) 46 (6) 411 (8�4) 537 (8�3)

4 47 (11�5) 14 (14�7) 4 (12�1) 32 (10�7) 73 (9�5) 412 (8�4) 582 (9)

5 46 (11�3) 5 (5�3) 4 (12�1) 32 (10�7) 83 (10�8) 484 (9�9) 654 (10�1)

6 43 (10�5) 9 (9�5) 2 (6�1) 28 (9�3) 105 (13�7) 458 (9�4) 645 (10)

7 17 (4�2) 4 (4�2) 2 (6�1) 28 (9�3) 76 (9�9) 513 (10�5) 640 (9�9)

8 23 (5�6) 4 (4�2) 1 (3) 30 (10) 93 (12�1) 530 (10�9) 681 (10�5)

9 18 (4�4) 1 (1�1) 1 (3) 21 (7) 78 (10�2) 562 (11�5) 681 (10�5)

10 (least deprived) 16 (3�9) 3 (3�2) 3 (9�1) 29 (9�7) 68 (8�9) 606 (12�4) 725 (11�2)

Missing 7 (1�7) 2 (2�1) 1 (3�0) 3 (1�0) 33 (4�3) 45 (0�9) 91 (1�4)

Region

Midlands and East 177 (43�4) 20 (21�1) 12 (27�3) 130 (43�3) 431 (56�2) 1,224 (25�1) 1,994 (30�8)

London 136 (33�3) 51 (53�7) 7 (12�1) 84 (28) 20 (2�6) 454 (9�3) 752 (11�6)

North 32 (7�8) 4 (4�2) 1 (12�1) 16 (5�3) 27 (3�5) 1,116 (22�9) 1,196 (18�5)

South 33 (8�1) 14 (14�7) 12 (6�1) 56 (18�7) 31 (4�0) 1,499 (30�7) 1,645 (25�4)

Scotland 5 (1�2) 0 (0�0) 1 (12�1) 1 (0�3) 0 (0�0) 226 (4�6) 233 (3�6)

Wales 7 (1�7) 1 (1�1) 0 (6�1) 10 (3�3) 221 (28�8) 180 (3�7) 419 (6�5)

Missing 18 (4�4) 5 (5�3) 0 (6�1) 3 (1�0) 37 (4�8) 180 (3�7) 243 (3�7)

Was English the patients first language?

Yes 98 (24) 57 (60) 20 (6�0) 80 (26�7) 420 (54�8) 4,585 (70�7) 5,260 (81�1)

No 192 (47�1) 19 (20) 6 (1�8) 58 (19�3) 16 (2�1) 124 (1�9) 415 (6�4)

Missing 118 (28�9) 19 (20) 7 (2�1) 162 (54) 331 (43�2) 170 (2�6) 807 (12�4)

Was the hearing test performed at a cochlear implant centre?

Yes 149 (36�5) 65 (68�4) 15 (45�5) 137 (45�7) 155 (20�2) 1,621 (33�2) 2,142 (33)

No 259 (63�5) 30 (31�6) 18 (54�6) 163 (54�3) 612 (79�8) 3,259 (66�8) 4,340 (66�9)

Multimorbidity

Yes 116 (28�4) 24 (25�3) 8 (24�2) 89 (29�7) 206 (26�9) 2,017 (41�3) 2,460 (38)

No 235 (57�6) 57 (60) 20 (60�6) 176 (58�7) 249 (32�5) 2,236 (45�8) 2,973 (45�9)

Missing 57 (14�0) 14 (14�7) 5 (15�2) 35 (11�7) 312 (40�7) 627 (12�8) 1,049 (16�2)

Learning disability

Yes 13 (3�2) 4 (4�2) 0 (0�0) 8 (2�7) 11 (1�4) 118 (2�4) 154 (2�4)

No 369 (90�4) 83 (87�4) 33 (100�0) 264 (88�0) 447 (58�3) 4,459 (91�4) 5,655 (87�2)

Missing 26 (6�4) 8 (8�4) 0 (0�0) 28 (9�3) 309 (40�3) 302 (6�2) 673 (10�4)

Cognitive disability

Yes 16 (3�9) 3 (3�2) 1 (3�0) 14 (4�7) 42 (5�5) 356 (7�3) 432 (6�7)

No 371 (90�9) 86 (90�5) 32 (97�0) 257 (85�7) 401 (52�3) 4,024 (82�5) 5,171 (79�8)

Missing 21 (5�1) 6 (6�3) 0 (0�0) 29 (9�7) 324 (42�2) 500 (10�2) 880 (13�6)

Visual impairment

Yes 36 (8�8) 11 (11�6) 5 (15�2) 17 (5�7) 98 (12�8) 726 (14�9) 893 (13�8)

(Continued)
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Table 1. (Continued)

Characteristic Asian (n = 408) Black (n = 95) Mixed (n = 33) Other (n = 300) Missing (n = 767) White (n = 4,879) Total (n = 6,482)

No 343 (84�1) 75 (78�9) 27 (81�8) 244 (81�3) 365 (47�6) 3,620 (74�2) 4,674 (72�1)

Missing 29 (7�1) 9 (9�5) 1 (3�0) 39 (13�0) 304 (39�6) 533 (10�9) 915 (14�1)

Physical disability

Yes 39 (9�6) 6 (6�3) 1 (3�0) 27 (9�0) 36 (4�7) 662 (13�6) 771 (11�9)

No 335 (82�1) 81 (85�3) 27 (81�8) 245 (81�7) 408 (53�2) 3,513 (72�0) 4,609 (71�1)

Missing 34 (8�3) 8 (8�4) 4 (12�1) 28 (9�3) 323 (42�1) 704 (14�4) 1,101 (17)

Hearing thresholds worse than 90 decibels hearing level

Yes 380 (93�1) 91 (95�8) 31 (93�9) 283 (94�3) 712 (92�8) 4,573 (93�7) 6,070 (93�6)

No 28 (6�9) 4 (4�2) 2 (6�1) 17 (5�7) 55 (7�2) 306 (6�3) 412 (6�4)

Meningitis

Yes 2 (0�5) 4 (4�2) 0 (0�0) 2 (0�7) 1 (0�1) 28 (0�6) 37 (0�6)

No 345 (84�6) 75 (78�9) 26 (78�8) 256 (85�3) 440 (57�4) 3,902 (80�0) 5,044 (77�8)

Missing 61 (15�0) 16 (16�8) 6 (18�2) 42 (14) 326 (42�5) 949 (19�5) 1,400 (21�6)

Was a cochlear implant champion present at the hospital?

Yes 365 (89�5) 83 (87�4) 25 (75�8) 270 (90�0) 546 (71�2) 3,734 (76�5) 5,023 (77�5)

No 43 (10�5) 12 (12�6) 7 (21�2) 30 (10�0) 221 (28�8) 1,145 (23�5) 1,458 (22�5)

https://doi.org/10.1371/journal.pmed.1004296.t001

Fig 2. (a) Population pyramid by age and sex assigned at birth. (b–d) Population age distribution of Asian (b), black (c), and white (d) adults.

https://doi.org/10.1371/journal.pmed.1004296.g002
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Table 2. Results of simple and multivariable logistic regression analysis for the primary outcome: whether patients were referred for surgical management of their

hearing or not.

Characteristic No. of events, n/N (%) Simple logistic regression Multivariable logistic adjusted model*
Beta OR [95% CI] p-value Beta OR [95% CI] p-value

Ethnicity and socioeconomic factors

Race/ethnicity <0�001 <0�001

White 375/4,679 (8.0) Reference Reference

Asian 30/385 (7.8) −0�031 0�97 [0�66, 1�43] 0�877 −0�34 0�71 [0�44, 1�14] 0�160

Black 13/89 (14.6) 0�68 1�96 [1�08, 3�57] 0�027 −0�39 0�69 [0�35, 1�34] 0�263

Mixed 3/28 (10.7) 0�32 1�38 [0�41, 4�58] 0�602 −0�49 0�62 [0�17, 2�30] 0�470

Other 31/280 (11.1) 0�36 1�43 [0�97, 2�11] 0�071 −0�31 0�73 [0�46, 1�18] 0�200

Missing 94/710 (13.2) 0�56 1�75 [1�38, 2�23] <0�001 0�90 2�43 [1�74, 3�41] <0�001

IMD decile <0�001 <0�001

1st (most deprived) 34/608 (5.6) Reference Reference

2nd 49/601 (8.2) 0�41 1�50 [0�95, 2�36] 0�061 0�46 1�59 [0�94, 2�69] 0�070

3rd 47/504 (9.3) 0�55 1�74 [1�10, 2�75] 0�015 0�49 1�64 [0�95, 2�83] 0�063

4th 64/553 (11.6) 0�80 2�21 [1�43, 3�41] <0�001 0�78 2�19 [1�31, 3�66] 0�002

5th 59/626 (9.4) 0�56 1�76 [1�13, 2�72] 0�009 0�70 2�02 [1�21, 3�38] 0�005

6th 75/616 (12.2) 0�85 2�34 [1�54, 3�57] <0�001 0�84 2�32 [1�41, 3�83] <0�001

7th 55/618 (8.9) 0�50 1�65 [1�06, 2�57] 0�031 0�38 1�46 [0�86, 2�46] 0�154

8th 65/652 (10.0) 0�63 1�87 [1�22, 2�88] 0�004 0�73 2�07 [1�25, 3�42] 0�004

9th 42/645 (6.5) 0�16 1�18 [0�74, 1�88] 0�517 0�16 1�17 [0�68, 2�03] 0�548

10th (least deprived) 47/689 (6.8) 0�21 1�24 [0�78, 1�95] 0�232 0�23 1�26 [0�74, 2�15] 0�274

Region <0�001

Midlands and East 196/1,923 (10.2) Reference Reference

London 69/654 (10.6) 0�04 1�04 [0�78, 1�39] 0�795 −0.93 0.40 [0�28, 0�57] <0.001

North 51/1,189 (4.3) −0�93 0�40 [0�29, 0�54] <0�001 −0.34 0.71 [0�50, 1.02] 0.061

South 174/1,565 (11.1) 0�10 1�10 [0�89, 1�37] 0�377 −0.004 1.00 [0�76, 1.31] 0.977

Scotland 9/228 (3.9) −1�02 0�36 [0�18, 0�72] 0�004 n/a

Wales 34/400 (8.5) −0�20 0�82 [0�56, 1�20] 0�303 n/a

Missing 13/212 (6.1) −0�55 0�58 [0�32, 1�03] 0�062 0.07 1.07 [0�52, 2.22] 0.854

Healthcare factors

Multimorbidity <0�001

No 313/2,784 (11.2) Reference

Yes 158/2,404 (6.6) −0�59 0�55 [0�46, 0�68] <0�001

Missing 75/983 (7.6) −0�43 0�65 [0�50, 0�85] 0�001

Cognitive disability <0�001

No 486/4,925 Reference

Yes 16/424 (3.8) −1�03 0�36 [0�22, 0�60] <0�001

Missing 44/822 (5.4) −0�66 0�52 [0�38, 0�71] <0�001

Physical disability <0�001

No 427/4,376 (9.8) Reference

Yes 47/759 (6.2) −0�49 0�61 [0�45, 0�83] 0�002

Missing 72/1,036 (6.9) −0�37 0�69 [0�53, 0�90] 0�005

Meningitis <0�001

No 466/4,816 (9.7) Reference

Yes 3/34 (8.8) −0�10 0�90 [0�28, 2�97] 0�848

Missing 77/1,321 (5.8) −0�55 0�58 [0�45, 0�74] <0�001

Visual impairment 0�045

(Continued)
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Association of other predictors on likelihood of referral after completing

audiometric evaluation for cochlear implant

In the unadjusted model, the age of adults was significantly associated with likelihood of refer-

ral after completing audiometric evaluation (p< 0�001), with older adults being less likely to

be referred (OR: 0�97; [0�96, 0�97]; p< 0.001). Female adults were more likely to be referred

(OR: 1�52; [1�27, 1�81]; p< 0.001). Adults with multimorbidity (2 or more long-term health

issues) were less likely to be referred than those without multimorbidity (OR: 0�55; [0�46,

0�68]; p< 0.001). Those with cognitive or physical disabilities were also less likely to be

referred in the unadjusted model. The degree of hearing loss was significantly associated with

likelihood for referral (p< 0�001), whereby adults with hearing thresholds worse than 90

dBHL were more likely to be referred than those with severe hearing loss, despite the latter

adults still being eligible for referral (OR: 4�07; [2�16, 7�67]; p< 0.001). Finally, those adults

Table 2. (Continued)

Characteristic No. of events, n/N (%) Simple logistic regression Multivariable logistic adjusted model*
Beta OR [95% CI] p-value Beta OR [95% CI] p-value

No 415/4,474 (9.3) Reference

Yes 77/861 (8.9) −0�04 0�96 [0�74, 1�24] 0�757

Missing 54/836 (6.5) −0�39 0�68 [0�50, 0�91] 0�009

Learning disability

No 486/5,403 (9.0) Reference

Yes 16/150 (10.7) 0�19 1�21 [0�71, 2�05] 0�482

Missing 44/618 (7.1) −0�25 0�78 [0�56, 1�07] 0�120

Sex <0�001

Male 245/3,355 (7.3) Reference

Female 298/2,787 (10.7) 0�42 1�52 [1�27, 1�81] <0�001

Missing 3/29 (10.3) 0�38 1�47 [0�44, 4�87] 0�534

Age

Referred 61 year; Not referred 74 year −0�03 0�97 [0�96, 0�97] <0�001

Hearing thresholds worse than 90 decibels hearing level

No 10/407 (2.5) Reference

Yes 536/5,764 (9.3) 1�40 4�07 [2�16, 7�67] <0�001

English as 1st language 0�004

No 44/382 (11.5) Reference

Yes 418/5,048 (8.3) −0�37 0�69 [0�50, 0�96] 0�030

Missing 84/741 (11.3) −0�02 0�98 [0�67, 1�45] 0�927

Hospital factors

Cochlear implant centre co-located

No 181/4,294 (4.2) Reference

Yes 365/1,877 (19.4) 1�70 5�49 [4�55, 6�62] <0�001

Cochlear implant champion

No 146/1,431 (10.2) Reference

Yes 400/4,740 (8.4) −0�21 0�81 [0�66, 0�99] 0�040

* These analyses were run for patients with an English postcode only as IMD deciles are not comparable across the devolved nations; the majority (86%) of patients had

an English postcode. Total included patients, N = 6,171.

CI, confidence interval; IMD, indices of multiple deprivation; OR, odds ratio.

https://doi.org/10.1371/journal.pmed.1004296.t002
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seen at a centre specialising in implantation were more likely to be referred (OR: 5�49; [4�55,

6�62]; p< 0.001).

Secondary outcome

Association of ethnicity and socioeconomic predictors on likelihood of discussion

about referral after completing audiometric evaluation. Overall, only 35.7% (n = 2,204/

6,171) of eligible adults had a documented discussion about their eligibility of being considered

for surgical management of their hearing loss. The results of the logistic regression models for

the association of socioeconomic and ethnicity factors are shown in Table 3. In the fully

adjusted model, the deprivation index of adults was significantly associated with likelihood of

being informed of their eligibility for referral (noted as “discussion”) (p< 0�001). Adults from

the most deprived location were less likely to be discussed with than those from less deprived

areas (deciles 4th–8th inclusive, where 10th is least deprived, Table 3). There were regional dif-

ferences (p< 0�001), with London and the Northern regions having a lower OR for discussion

compared to adults from the Midlands and East: North of England (OR: 0�74; [0�62, 0�89];

p = 0.001), London (OR: 0�44; [0�35, 0�56]; p< 0.001). In the fully adjusted model, ethnicity

was significantly associated with likelihood of discussion (p< 0�001), whereby Asian (OR:

0�58; [0�43, 0�79]; p< 0.001) and black adults (OR: 0�56; [0�34, 0�92]; p = 0.021) were less likely

to have a discussion compared to white counterparts.

Association of other predictors on likelihood of discussion about referral

after completing audiometric evaluation

In the unadjusted model, similar trends were identified as those seen with likelihood of referral

after completing audiometric evaluation, whereby older adults were less likely to have a discus-

sion of their eligibility (OR: 0�98; [0�98, 0�98]; p< 0.001). Female adults were more likely to be

informed of their eligibility than male (OR: 1�46; [1�31, 1�62]; p< 0.001). Two site-specific fac-

tors were significant. Adults seen at a centre specialising in implants were more likely to be dis-

cussed (OR: 2.42; [2.16, 2.71]; p< 0.001). In addition, the presence of a cochlear implant

champion at the hospital associated a highly significant benefit on having a discussion (OR:

1.42; [1.25, 1.61]; p< 0.001). All healthcare predictors were significantly associated with the

outcome in the unadjusted regression model.

For exploratory and sensitivity analyses, see S3 Appendix and S1 and S2 Tables.

Discussion

Only 9.7% (n = 546) of adults meeting pure tone audiometric threshold criteria for cochlear

implantation assessment in a 6-month period in 2021 were referred for further evaluation, and

35.7% (n = 2,204) had a documented discussion about their eligibility for referral. Our hypoth-

esis was upheld as there were disparities in the management of adults based on ethnic and

socioeconomic factors, although the finding that males were less likely than females to be

referred for assessment after audiometric evaluation for higher-level care was unexpected.

Individuals from more deprived areas, specific regions, and older age groups were less likely to

be referred. Moreover, adults from Asian and black backgrounds were less likely to have dis-

cussions informing them of their eligibility for cochlear implant assessment.

This study adds to the field of cochlear implant candidacy research by highlighting potential

targets for increasing referral discussions for implants and suggests the need to explore the rea-

sons behind the demographic, socioeconomic, and ethnic disparities to improve outcomes.

According to the principles of shared decision-making and “no decision about me, without

me” [10], all potentially eligible adults of cochlear implantation should be informed and given
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Table 3. Results of simple and multivariable logistic regression analysis for the secondary outcome: whether patients had a discussion informing them that they

were eligible for surgical management of their hearing loss, or not.

Characteristic No. of events, n/N (%) Simple logistic regression Multivariable logistic adjusted model*
Beta OR [95% CI] p-value Beta OR [95% CI] p-value

Ethnicity and socioeconomic factors

Race/ethnicity 0�001 <0�001

White 1,671/4,679 (35.7) Reference Reference

Asian 119/385 (30.9) −0�22 0�81 [0�64, 1�01] 0�058 −0�54 0�58 [0�43, 0�79] <0�001

Black 35/89 (39.3) 0�15 1�17 [0�76, 1�79] 0�482 −0�58 0�56 [0�34, 0�92] 0�021

Mixed 13/28 (46.4) 0�44 1�56 [0�74, 3�29] 0�242 0�02 1�02 [0�44, 2�39] 0�957

Other 126/280 (45.0) 0�39 1�47 [1�16, 1�88] 0�002 −0�11 0�90 [0�66, 1�23] 0�496

Missing 240/710 (33.8) −0�08 0�92 [0�78, 1�09] 0�322 −0�46 0�63 [0�50, 0�80] <0�001

IMD decile* <0�001 <0�001

1st (most deprived) 172/608 (28.3) Reference Reference

2nd 195/601 (32.4) 0�20 1�22 [0�95, 1�56] 0�116 0�27 1�31 [0�98, 1�75] 0�067

3rd 167/504 (33.1) 0�23 1�26 [0�97, 1�62] 0�081 0�24 1�27 [0�93, 1�72] 0�132

4th 229/553 (41.4) 0�58 1�79 [1�4, 2�29] <0�001 0�69 1�99 [1�49, 2�66] <0�001

5th 223/626 (35.6) 0�34 1�4 [1�1, 1�78] 0�006 0�56 1�75 [1�31, 2�33] <0�001

6th 244/616 (39.6) 0�51 1�66 [1�31, 2�11] <0�001 0�62 1�85 [1�39, 2�45] <0�001

7th 232/618 (37.5) 0�42 1�52 [1�2, 1�94] 0�001 0�51 1�66 [1�25, 2�21] <0�001

8th 252/652 (38.7) 0�47 1�6 [1�26, 2�02] 0�000 0�55 1�74 [1�31, 2�31] <0�001

9th 233/645 (36.1) 0�36 1�43 [1�13, 1�82] 0�003 0�40 1�50 [1�12, 1�99] 0�006

10th (least deprived) 231/689 (33.5) 0�25 1�28 [1�01, 1�62] 0�042 0�39 1�47 [1�11, 1�96] 0�007

Region <0�001 <0�001

Midlands and East 715/1,923 (37.2) Reference Reference

London 248/654 (37.9) 0�03 1�03 [0�86, 1�24] 0�736 −0�82 0�44 [0�35, 0�56] <0�001

North 331/1,189 (27.8) −0�43 0�65 [0�56, 0�76] <0�001 −0�30 0�74 [0�62, 0�89] 0�001

South 648/1,565 (414.4) 0�18 1�19 [1�04, 1�37] 0�011 0�02 1�02 [0�85, 1�22] 0�868

Scotland 52/228 (22.8) −0�69 0�5 [0�36, 0�69] <0�001 n/a

Wales 183/400 (45.8) 0�35 1�42 [1�15, 1�77] 0�001 n/a

Missing 27/212 (12.7) −1�40 0�25 [0�16, 0�37] <0�001 −2�33 0�10 [0�05, 0�19] <0�001

Healthcare factors

Multimorbidity 0�002

No 1,024/2,784 (36.8) Reference

Yes 794/2,404 (33.0) −0�17 0�85 [0�76, 0�95] 0�005

Missing 386/983 (39.3) 0�11 1�11 [0�96, 1�29] 0�166

Cognitive disability <0�001

No 1,787/4,924 (36.3) Reference

Yes 201/424 (47.4) 0�46 1�58 [1�30, 1�93] <0�001

Missing 216/822 (26.3) −0�47 0�63 [0�53, 0�74] <0�001

Physical disability 0�005

No 1,533/4,376 (35.0) Reference

Yes 311/759 (41.0) 0�25 1�29 [1�10, 1�51] 0�002

Missing 360/1,036 (34.7) −0�01 0�99 [0�86, 1�14] 0�864

Meningitis 0�063

No 1,733/4,816 (36.0) Reference

Yes 18/34 (52.9) 0�69 2�00 [1�02, 3�94] 0�044

Missing 453/1,321 (34.3) −0�07 0�93 [0�82, 1�06] 0�255

Visual impairment <0�001

(Continued)
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the option for assessment, and all members of the clinical team including audiologists and

physicians should play a role in cochlear implant discussion and referral.

There was a trend of lower likelihood for discussion and referral after audiometric evalua-

tion for implants among adults from socioeconomically deprived backgrounds. Similar find-

ings have been observed in studies conducted worldwide. In Australia, recipients were more

likely to live in the least 2 deprived deciles [7]. Similarly, in the US, adults with private insur-

ance were 13 times more likely to receive cochlear implants compared to those under Medicare

cover [11]. In an implant unit in the US, higher socioeconomic status patients were more likely

to be implanted than those with lower socioeconomic status [8]. In countries with private

healthcare systems, health-related financial inequalities may contribute to varied access across

different sociodemographic groups. In nationalized healthcare systems like the UK, other fac-

tors such as patient and caregiver education, health literacy, social acceptance of cochlear

implants, and unconscious bias may also play a role [12].

Geographic variations in management were observed, potentially influenced by factors

such as clinician beliefs or service capacity. Adults from London were found to be the least

Table 3. (Continued)

Characteristic No. of events, n/N (%) Simple logistic regression Multivariable logistic adjusted model*
Beta OR [95% CI] p-value Beta OR [95% CI] p-value

No 1,614/4,474 (36.1) Reference

Yes 342/861 (39.7) 0�16 1�17 [1�01, 1�36] 0�042

Missing 248/836 (29.7) −0�29 0�75 [0�64, 0�88] <0�001

Learning disability 0.002

No 1,950/5,403 (36.1) Reference

Yes 67/150 (44.7) 0�36 1�43 [1�03, 1�98] 0�032

Missing 187/618 (30.3) −0�26 0�77 [0�64, 0�92] 0�004

Sex <0�001

Male 1,067/3,355 (31.8) Reference

Female 1,127/2,787 (40.4) 0�38 1�46 [1�31, 1�62] <0�001

Missing 10/29 (34.5) 0�12 1�13 [0�52, 2�44] 0�758

Age

Discussed 69 year; not discussed 75 year −0�02 0�98 [0�98, 0�98] <0�001

Hearing thresholds worse than 90 decibels hearing level

No 122/407 (30.0) Reference

Yes 2,082/5,764 (36.1) 0�28 1�32 [1�02, 1�64] 0�013

English as 1st language 0�027

No 156/382 (40.8) Reference

Yes 1,771/5,048 (35.1) −0�24 0�78 [0�63, 0�97] 0�024

Missing 277/741 (37.4) −0�15 0�87 [0�67, 1�11] 0�260

Cochlear implant centre co-located

No 1,262/4,294 (29.4) Reference

Yes 942/1,877 (50.2) 0�88 2�42 [2�16, 2�71] <0�001

Cochlear implant champion

No 426/1,431 (29.8) Reference

Yes 1,778/4,740 (37.5) 0�35 1�42 [1�25, 1�61] <0�001

* These models were run for patients with an English postcode only as IMD deciles are not comparable across the devolved nations; the majority (86%) of patients had

an English postcode. Total included patients, N = 6,171.

CI, confidence interval; IMD, indices of multiple deprivation; OR, odds ratio.

https://doi.org/10.1371/journal.pmed.1004296.t003

PLOS MEDICINE Socioeconomic and ethnic disparities associated with access to cochlear implantation

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004296 April 4, 2024 15 / 21

https://doi.org/10.1371/journal.pmed.1004296.t003
https://doi.org/10.1371/journal.pmed.1004296


likely to have discussions or referrals after audiometric evaluation for assessment compared to

the East/Midlands. While population heterogeneity exists between regions, the fact that all

identified adults were eligible for referral suggests differential management based on geo-

graphic location. Appreciating the underlying reasons can help inform loco-regional policies

to establish coherent referral pathways. This in turn can enable monitoring of their effective-

ness and highlight which aspects of the pathway may need additional targeted support and

education.

Despite cochlear implant surgery being free at the point of access for adults in the UK, addi-

tional expenditures such as transportation, travel time or distance, parking for multiple

appointments, as well as the potential need to take unpaid time away from employment, may

deter some individuals. This study indicated that adults who had their referral candidacy con-

firmed with audiometric assessment at an implant centre were more likely to be referred, pos-

sibly due to geographical proximity between the patient’s home and the implant centre, but

also possibly due to a greater intra-departmental appreciation of cochlear implantation as an

option for these patients, and reduced administrative burden in referring these patients to col-

leagues in the same centre. In Australia, the majority of adult recipients lived near major

urban centres [7]. Among American veterans, rural adults waited longer to obtain both hear-

ing aids and implants, due to longer commutes and lower incomes [13]. This suggests the

importance of centre location, and innovative approaches such as virtual consultations or

remotely located audiologists to help redistribute implantation delivery and improve patient

access [14].

The presence of a cochlear implant champion increased the likelihood of discussion of

cochlear implant assessment referral eligibility based on pure tone audiometric criteria, but it

did not translate into more referrals (in fact, marginally fewer patients were referred although

p = 0.04). This suggests that not all eligible adults are suitable for various reasons, including

audiological and healthcare factors, or patient choice. For a patient, the decision to undertake

assessment and surgical management of their hearing loss is complex [5]. The champion pro-

gram may need review to ensure clinicians have sufficient time to perform their role to aid

identifying eligible adults and providing further information. Auditbase software has the capa-

bility to enable far more extensive coding of when referral discussions take place. This would

allow clearer insight of where and when these discussions happen, although may require addi-

tional training locally, and additional time to undertake this extra task. Alternative diagnostic

testing, such as speech testing, could aid the clinical decision-making process [15] and explain

regional variations in management.

Adults from Asian and black backgrounds were less likely to have a discussion informing

them of their eligibility for referral after audiometric evaluation. Variations in clinician referral

rates by ethnicity have also been shown to affect referrals for a range of hearing and non-hear-

ing services [16,17]. A study in the US also found that African-American and Asian patients

were less likely to accept proceeding with cochlear implantation [18]. There may be factors

such as language barriers or clinician biases which have not been explored by our work. It is

noted that while our data suggested that not having English as a first language did not signifi-

cantly impact the discussion of cochlear implants, it did correlate with reduced referral rates.

This is consistent with a study from the USA which revealed that non-English speaking

patients received fewer referrals compared to English-speaking patients [19]. This may suggest

difficulties in adequately explaining cochlear implantation as an option or cultural differences

in approaching hearing loss treatment. Compared to white counterparts, minority ethnic

groups are less likely to use hearing aids [16] and report lower familiarity with cochlear

implants [20].
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It is important to note that this study focused on individuals who had already sought hear-

ing healthcare, potentially underrepresenting Asian and black communities. Reasons for

underrepresentation may include cultural norms of elder care that mitigate the impact of hear-

ing loss, systemic healthcare access barriers in minority ethnic groups, or the overrepresenta-

tion of younger adults who migrated to the UK. Encouraging older Asian or black

communities to seek hearing tests is crucial moving forward and an area for future research.

Older adults were less likely to be referred or informed of their eligibility for referral for

assessment. Older patients declining cochlear implantation has also been found by a study in

the US [18]. Age discrimination may play a role in perceiving hearing loss as an inevitable con-

sequence of ageing [21]. However, evidence suggests improved speech scores and quality of

life following implantation in adults aged 65 to 80 years, with few complications when man-

aged appropriately [22]. Age was positively correlated with multimorbidity (i.e., older patients

were more likely to suffer from multimorbidity) and may play a role in patients’ likelihood to

accept a referral for cochlear implant assessment. A recent population cohort study examining

multimorbidity in surgery indicated that 11.2% of patients undergoing elective surgery had

multimorbidity yet multimorbid patients accounted for 50.2% of deaths after elective spells

[23]. Recognising they are at higher risk of poor outcomes may influence the decision-making

process in declining assessment even at this early stage in the patient pathway.

Men were also found to be less likely to be referred or informed of their eligibility for refer-

ral for assessment. Interestingly, a study in the US showed that men were not less likely to pro-

ceed with surgery compared to women [18]. The influence and magnitude of our effect size for

sex was an unanticipated finding. This may be explained by the divergent health-seeking

behaviours that exist between men and women. Previous studies on gender differences in the

patterns of use of conventional hearing aids have found that hearing-impaired men were less

likely to be acceptant of hearing loss, had lower motivation to seek hearing rehabilitation, and

were more concerned about their appearance [24,25]. Despite this, few sex-specific initiatives

for the management of hearing loss exist.

The degree of hearing loss was associated with likelihood for referral after audiological eval-

uation; adults with hearing thresholds worse than 90 dBHL (i.e., profound loss) were more

likely to be referred than those with severe hearing loss, despite the latter adults still meeting

pure tone threshold criteria for referral. This suggests that eligible adults with severe hearing

loss, and/or their clinicians, may perceive that they are managing their hearing loss or that

they lack awareness of the latest referral guidelines [3]. There may be a concern that implants

may sacrifice their residual hearing; however, appropriate counselling about hearing preserva-

tion surgery can be done by a cochlear implant team [26].

The strengths of this study include the large sample size, focus on adults (often work focuses

on the paediatric population), and the inclusion of all eligible candidates meeting pure tone

audiological threshold criteria, rather than those who have already been referred for assess-

ment. There are a number of limitations to be discussed.

Further weaknesses include the observational retrospective nature, dependence on accurate

documentation, and potential underrepresentation of certain regions [9] or demographic

groups. The models used assume correlations and do not predict causality. There was a reli-

ance upon accurate documentation of patient discussions and it is conceivable that discussions

were had for some adults yet not recorded. Furthermore, without the ability to contact patients

directly, gender identity was determined by accuracy of NHS sex categorisation. The study was

conducted during the COVID-19 pandemic, which may have affected referral rates (S4 Appen-

dix). A further weakness of this study is that it only captures patient assessments performed in

secondary care and was not able to capture those performed in other settings, such as high

street audiology assessments.
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This study only includes individuals who have successfully accessed secondary healthcare

and may exclude those encountering barriers such as socioeconomic, systemic, or cultural

challenges in accessing primary healthcare. This approach risks disproportionately represent-

ing the perspectives of those with easier access, reinforcing disparities and impeding a compre-

hensive understanding of diverse healthcare needs. To mitigate this, future research should

consider approaches to actively incorporate individuals underrepresented due to barriers in

seeking healthcare. We also relied on the electronic health records of the services referring to

the cochlear implant team and cannot confirm that patients attended and completed a

cochlear implant assessment which could give further information about patient barriers to

referral rather than referrer barriers.

Speech audiometry, which forms part of NICE cochlear implant candidacy criteria, is not

routinely performed in the UK as part of a standard hearing assessment and was therefore not

included in our data collection. Clinicians should consider requesting this to aid their deci-

sion-making process regarding discussion and possible referral for cochlear implantation.

The effects of untreated or undertreated hearing loss can be diverse, being associated with

depression, social isolation, risk of hospitalisation, and mortality [27–30]. There is a strong

link between hearing loss and cognitive decline, including dementia. Although the exact cause

of this link is undergoing research, treatment of auditory impairment could delay or prevent

neurodegenerative changes if they occur due to altered sensory input [31]. An analysis of the

UK Biobank data has shown dementia is more likely to develop in black participants than

white which reinforces consideration of targeting potential modifiable risk factors of cognitive

decline in black ethnic groups [32]. Thus, the results of this research imply that differences at

this early stage in candidacy discussions may have substantial implications for further health

issues, above and beyond that of hearing loss.

Future research should adopt a nuanced approach to investigate the reasons behind the eth-

nic, socioeconomic, and other demographic differences in assessment. The referral pathway is

likely to be influenced by various factors related to clinicians, patients, and systems. However,

the specific contributions of each stakeholder remain unclear in the existing research. Con-

ducting qualitative assessments involving key stakeholders, such as patients and clinicians,

could shed light on these contributions. This approach may not only help investigate the

dynamics involved but also identify adaptable strategies to enhance accessibility and pinpoint

areas for targeted educational initiatives. Utilising information technology systems in audiol-

ogy can help identify eligible adults. Efforts are underway to create an automatic pop-up iden-

tification tool in the next published version of Auditbase. This should be used alongside

running regular audit reports and contacting patients accordingly should be encouraged in all

UK hospitals.

In conclusion, our findings indicate that a significant number of eligible adults with severe-

to-profound hearing loss in Great Britain are not being appropriately referred after meeting

pure tone audiometric threshold criteria for cochlear implant assessment or informed about

their eligibility for referral. This study highlights that there are notable disparities in patient

management based on socioeconomic status, ethnicity, and sex. With this knowledge, clini-

cians and policymakers may wish to explicitly target these underrepresented patient groups via

support and education to those teams directly caring for them to improve discussion and refer-

ral rates for cochlear implants. While it is acknowledged that not all eligible adults may opt for

surgery, it is crucial that all patients are made aware of their eligibility for further assessment

for this potential life-altering intervention. Further research is necessary to understand and

address these disparities, with a focus on developing tools to ensure informed decision-mak-

ing, educating hearing healthcare providers, and investigating the reasons behind cochlear

implant declination and the underrepresentation of older ethnic minority groups in seeking
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hearing assessments in secondary care. The aim is to enhance equitable access to hearing loss

treatment.
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