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ABSTRACT
Background
Mobile health (mHealth) has the potential to improve access and uptake of health services
globally. Non-communicable diseases like hearing loss have seen increasing use of mHealth
approaches to improve access, scalability, penetration, quality, and convenience of health
services. This scoping review describes published research in mHealth supported hearing

healthcare services across the continuum of care.

Methods

A search on Scopus, MEDLINE (PubMed), and Web of Science for articles published up to 2
July 2021 was conducted. Articles in which mHealth was used across a continuum of care
where the primary focus was hearing healthcare were included. A narrative synthesis was

conducted.

Results

146 articles meeting the inclusion criteria were included in data extraction. High- income
countries contributed 56% of articles, upper-middle countries 32%, lower-middle countries 8%,
and low-income countries 4%. Articles identified included promotion (2%), screening (39%),
diagnosis (35%), treatment (10%), and support (14%) for hearing loss. mHealth applications
in high-income countries were more represented in diagnosis (62% vs 38%), treatment (67%
vs 33%) and support (82% vs 18%) compared to low- and middle-income countries (LMICs)
except for screening (64% vs 36%). Few studies focussed on hearing health promotion across

all income brackets.



Conclusion

mHealth supported hearing healthcare services are available across a continuum of care and
various world regions, although more prevalent in high-income countries. Although great
potential is demonstrated, implementation evaluations are important to further validate its
widespread use and potential to make services for hearing loss more accessible in LMICs.
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INTRODUCTION

An estimated five billion people use mobile phones, constituting more than 60% of the global
population.! This level of penetration is continually increasing as mobile technology becomes
more accessible and affordable? allowing both young and old in high, middle, and low-income
countries to make use of mobile health (mHealth) applications.® mHealth, defined as
technologies to improve healthcare outcomes, services, and research using mobile and
wireless devices?, is an enabler of improved access and uptake of services, especially in low-
and middle-income countries (LMICs).>® mHealth approaches, therefore, demonstrate
potential to support more accessible health care for non-communicable diseases®, given the
development of new innovations and the wide availability of mobile phones.

The technologies underlying mHealth often make use of simple user interfaces for digital
inclusion, automation, quality control measures and cloud data management that support task-
shifting approaches towards more accessible care.” Further potential benefits of mHealth
include reduced costs®® and reduced time required for appointments,’®'" which contribute to
the expected increased rate of healthcare access and attendance.'’'®* mHealth approaches
do, however, present with some limitations. These include concerns regarding the
confidentiality and privacy of individuals’ data'. Furthermore, mHealth approaches may be
hindered by poor connectivity and unstable electricity supply that can delay or prevent care
especially in rural or remote areas'. Individuals with low literacy or previously limited access
to digital technologies may also find the use of mHealth approaches challenging™. Despite
potential limitations mHealth has demonstrated its value to increase quality of care®'®, lower
patient burden?, promote health awareness®'®, guide efficient care®'®, and improve service

delivery to underserved and vulnerable populations. 258

Persons with disabilities face additional challenges in accessing healthcare and so may benefit
from mHealth in particular.®' There is already evidence that persons with disabilities report

2



that their mobile phones provide them with greater access to basic services in countries where
services are scarce and inadequate.'” Particularly individuals with hearing loss demonstrate
a high usage of mobile phones and the internet.'” Hearing loss is one of the most prevalent
disability types affecting close to 500 million persons globally.'® Estimates indicate that by
2050, disabling hearing loss will increase to affect 900 million people,'® due to an ageing and

growing world population.™

Hearing healthcare has traditionally been centralised requiring expensive equipment and
trained professionals. Consequently, these services are not accessible for the majority of the
world’s population due to the costs and shortages of trained professionals.*?%2" The lack of
basic hearing services faced by the majority of the global population has resulted in a growing
interest in innovative solutions, including mHealth approaches, to support the provision of
hearing healthcare services.???* Implementing mHealth in hearing healthcare could address
critical challenges of limited availability of hearing healthcare professionals, as well as
transportation, time, costs, and access to resources.??6 Considering that more than 80% of
persons with hearing loss reside in LMICs with severely limited access to care* mHealth
applications could support services across a continuum of hearing healthcare including
advocacy, promotion and awareness, detection, diagnosis, treatment, support, and
rehabilitation.?” COVID-19 has further emphasized the importance of decentralised healthcare
supported by mHealth in communities to avoid risk of infection and associated morbidity and

mortalities.?®

Several recent studies have used mHealth approaches in decentralised hearing healthcare
services across the continuum of care. These services included health promotion, such as
monitoring of listening habits.?® Screening through mobile apps has been conducted at
schools, communities and in homes,*** and diagnostic approaches differentiated between
types of hearing loss to ensure directed referrals.3* Treatment has been provided in the form
of self-fitting hearing aids®® with support providing rehabilitation, education, and applications
to control device settings.®6-*” However, a comprehensive assessment of the range of mHealth
use for hearing healthcare across the care continuum and from a global perspective has not
been undertaken. This scoping review, therefore, aimed to identify and describe the published

research in mHealth supported hearing healthcare services across the continuum of care.

METHODS

This review was conducted in accordance with guidelines in the Joanna Briggs Institute
Reviewer Manual.®® The PRISMA-ScR (Preferred Reporting Items for Systematic Reviews
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and Meta-Analyses Extension for Scoping Reviews) checklist was followed in this scoping

review (Online supplementary material).®

Eligibility Criteria

The search was limited to papers published up to and including the date of the final search
which was conducted on 2 July 2021. Only published articles in peer-reviewed journals were
included. Only English empirical studies were included, with no geographic or time restrictions.
All publications examining any aspect of mHealth targeting hearing including direct or indirect
services between patients and health care providers both professional and non-professional
and mHealth monitoring via apps were included. Opinions, viewpoints, reviews, and preprints
were excluded. Any articles where mHealth applications were not investigated or hearing loss
was not a target condition were excluded. Articles, that only included ear disease but not
hearing loss, were excluded. Articles focusing on literacy and education (e.g., articles focused

on improving reading or writing abilities of individuals with hearing loss) were also excluded.

Information Sources and Search Strategy

Three electronic databases (Scopus, Web of Science and MEDLINE(PubMed) were
systematically searched using keywords. The initial search was conducted on Scopus with
two concepts: (1) ("mHealth” OR "mobile health") AND ("hearing loss" OR "hearing
impairment"). Extra filters were then applied, and the final search strategy was conducted on
all three databases using a combination of two concepts: (1) ("mHealth" OR "mobile health"
OR "tablet" OR "smartphone" OR "mobile phone") and (2) ("hearing loss" OR "hearing
impairment"). For a comprehensive assessment, reference lists of all the included articles

were also checked to identify additional studies that may be relevant to this review.

Data Charting and Data Items

Articles identified by the search strategy were imported into Rayyan QCRI,*° an online tool for
systematic reviews, and duplicates were removed. The first author screened the title, abstracts
and full text of the identified articles and extracted data from the included studies. The last
author cross-checked the screening of the title, abstracts, and full text of the identified articles,
and confirmed exclusion criteria was applied consistently and cross-checked the data
extraction. Where discrepancies were identified they were discussed and corrected. A
Microsoft Excel spreadsheet (Online supplementary material) was used to tabulate the
required information from the included studies such as the name of mHealth approach where
applicable, publication date, country in which study was conducted, mHealth approach type

(i.e., internet-based or application-based), participant demographics, device type, mode of
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operation, setting mHealth approach was used in, study design, sample size and mHealth
approach availability (Online supplementary material). mHealth approach availability was
noted as available from the manufacturer, on a public platform (i.e., app store or via the

internet) or designed only for research.

Additionally, for each article, the mHealth approach was categorized into a clinical hearing
care continuum of health promotion (including prevention), screening, diagnosis, treatment,
and support (Online supplementary material). Health promotion included mHealth approaches
promoting hearing healthcare and prevention of adverse hearing activities to individuals,
creating awareness and educating individuals. Screening mHealth approaches indicated
hearing loss through a pass/fail criterion whereas diagnostic mHealth approaches categorized
degree, configuration, or type of hearing loss. Treatment included mHealth approaches aimed
at improving hearing ability and speech recognition with either traditional or non-traditional
devices. Support included mHealth approaches aimed at providing rehabilitation once a form

of treatment had been provided.

Synthesis of Results

A narrative synthesis was conducted. The data extracted was analysed utilizing descriptive
statistics with Microsoft Excel and SPSS software (version 27.0; IBM Corp). Data was
analysed across the global world regions according to the World Health Organisation (WHO)
classification* as well as the WHO income classification.*! The distributions of the articles
according to the hearing healthcare continuum of care were analysed. If articles fell within two

brackets of the continuum of care they were counted twice, once within each relevant bracket.

RESULTS

This study identified 146 unique articles to be included in the review (Figure 1; Online
supplementary material). The primary search was conducted on Scopus and yielded 103
(71%) articles. Subsequent searches of MEDLINE (PubMed) and then Web of Science yielded
an additional 14 (10%) and four (3%) articles, respectively. The remaining 25 (17%) were
found by reviewing the citations in the papers already included. All included articles were
published between 2006 and 2021, and no multiple publications in one year until 2013 (Figure
2).
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Figure 1: PRISMA flowchart of mHealth and hearing loss article selection process
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Figure 2: mHealth and hearing loss articles (n=135) published between 2006 and 2020.

Articles published in 2021 were not included since the review was until July only.
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Figure 3: mHealth and hearing loss articles identified globally. Represents 147 articles since

one article covered work conducted in two countries.



mHealth approaches were used in 32 unique countries represented across the 146 identified
articles (Figure 3; Online supplementary material), with most from the Americas region, and
the fewest from the South-east Asia region (Figure 4). The two most prominent contributors
across these regions were South Africa (17%) and the United States of America (16%).
Represented countries were also grouped into WHO income classifications.*! High-income
countries contributed 56%, upper-middle countries 32%, lower-middle countries 8%, and low-
income countries contributed 4% of included articles. 75 unique mHealth approaches were

used across the 146 articles (Online supplementary material).
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Figure 4: mHealth and hearing loss articles identified across WHO regions. Represents 147

articles since one article covered work conducted in two countries.

A third (31%) of reported mHealth approaches were used in community-based settings (i.e.,
home and schools) (Table 1). Smartphone applications constituted 95% of the mHealth
approaches with the remaining 5% being internet-based mHealth solutions. Overall, 25% of
the identified mHealth approaches required a facilitator to operate, of which 65% were
healthcare professionals, 19% non-professional healthcare workers and 16% made use of
both professional and non-professionals. Healthcare professionals that facilitated mHealth
approaches included otolaryngologists, otolaryngology registrars, audiologists, audiology
officers, audiology students, audiology research assistants, nurses, and medical doctors. Non-
professional healthcare workers included non-governmental organization volunteers and

community health workers (CHWSs). Identified mHealth approaches were mostly (44%)



available from manufacturers, followed by public platforms (33%) and designated research

applications (23%; Online supplementary material).

Table 1: Characteristics of identified mHealth applications (n=152) across area of
application, context, devices, mode of use, participants, and study design (HCP -
Health care professional; RCT — Randomized controlled trial)

Health Screening Diagnosis Treatment  Support All
Promotion % (n=59) % (n=53) % (n=15) % %

% (n=3) (n=22) (n=152)"
Context
School - 43 4 - - 18
Clinic - 50 75 33 18 52
Daily life 100 - - 60 59 16
Home - 7 15 7 23 12
Occupational - - 6 - - 2
Type of device
Smartphone 100 63 55 93 82 66
Tablet - 37 45 7 18 34
Mode of use
Patient self-use 100 58 77 100 95 75
HCP - 24 17 - 5 16
Non-HCP - 10 4 - -
HCP and non-HCP - 7 2 - -
Self-use, HCP, and non- - 2 - - - 1
HCP
Type of participants
Adults 33 34 76 100 100 63
Children 67 49 15 - - 27
Both - 17 9 - - 10
Study design?
Validation 100 73 89 75 44 75
Design and usability - 5 4 19 20 8
Feasibility - 16 7 6 36 15
Prevalence - 5 - - - 2
RCT - 2 - - -

1. Total number of articles shown as 152 since five articles included mHealth solutions for both treatment and support
and one for both screening and diagnosis. These were counted twice within each of the respective areas of application.

2. Total number of articles shown as 162 since several articles included more than one study design or more than one
area of application. These were counted twice within each of the respective study design or areas of application.

Two-thirds of studies (63%) involved adult participants. The median sample size in the
reported studies was 65.5 participants (Online supplementary material). Screening and

diagnosis article sample size medians were 122 and 63 respectively while promotion,
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treatment and support medians were 311, 16 and 15.5 participants, respectively (Online
supplementary material). Five different study design categories were identified across the
articles (Table 1). Seven of the identified articles were however counted within the validation
and usability study designs groups and two other articles were included in the validation and
feasibility study design groups. Feasibility studies contributed 15% of articles. Four different
areas of application were identified across the articles (Table 1). Five of these covered both
treatment and support categories and one article covered screening and diagnosis categories.
All the health promotion applications were related to sound-level monitoring with 67% of
participants younger than 18 years of age. Three in four mHealth approaches (75%) identified
were for self-use by patients and 9% were for use by non-professional health workers to

facilitate services.

Table 2: Characteristics of mHealth applications (n=112) across screening (n=59) and
diagnosis (n=53) for hearing loss.

Screening Diagnosis
% (n=59) % (n=53)
Age
Over 18 years 34 76
Under 18 years 49 15
Both 17 9
Type of audiometry
Pure tone 85 83
Speech 122 11°
Both 3 6
Type of transducer
Air Conduction 90 98
Bone Conduction 3 2
Both 7 -

a) Speech testing in screening included speech-in-noise (56%), speech-in-quiet (10%) and both speech-in-noise and
speech-in-quiet (33%) testing.
b) Speech testing in diagnosis included speech-in-noise (78%), speech-in-quiet (22%) testing.

The majority of mHealth approaches used were for screening and diagnosis (74%; Table 2).

For screening categories, the youngest participants were two years of age using pure tone
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audiometry screening applications on an Android platform3424% and iPad devices.*? In
diagnosis, the youngest participants were three years of age using a pure tone audiometry
application on an iPad.***® Digits-in-noise testing made up 44% of the speech-in-noise

approaches for screening and diagnosis categories.

10% and 14% of articles were focused on treatment and support respectively. All participants
involved in both treatment and support were over the age of 18 years. The types of treatment
provided were mHealth approaches used with (56%) and without (44%) traditional
amplification devices. mHealth approaches with traditional amplification devices were
smartphone applications linked to hearing aids (56%), linked to self-fitting hearing aids (33%),
and linked to cochlear implants (11%). The applications were used to control device gain
across frequencies for hearing aids or electrodes for cochlear implants. mHealth approaches
used without traditional amplification devices were smartphone applications that increased
gain of phone signals (29%), applications coupled to wireless earphones (29%), microphone
applications (14%), smartphone applications linked to handsets and earphones (14%) and
non-traditional body-worn hearing aids linked to earphones (14%). These mHealth

approaches were all used to improve speech recognition.

40 +
m High-income
35

» Low- and middle-income

W
o

o]
(4]

Number of Publications
o o

-
o

Health Promotion  Screening Diagnosis Treatment Support
Area of Application

Figure 5: mHealth and hearing loss articles identified across WHO income brackets and area
of application. Represents 152 articles as several covered work conducted across more than

one area of application.
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Types of support provided through mHealth means included rehabilitation and education
(46%), ecological momentary assessment (27%), application to control device settings such
as microphone directionality, volume, and programme selection (14%), real-time speech-to-
sign translation (9%) and text to speech translation (5%). The majority of studies on health
promotion, diagnosis, treatment and support were conducted in high-income countries
compared to the majority of studies focused on screening conducted in LMICs (Figure 5;

Online supplementary material).

DISCUSSION

This scoping review aimed to identify and describe globally reported research in mHealth for
hearing healthcare services across the continuum of care. There has been a dramatic annual
increase in the publication of mHealth research from no more than one per year until 2013
when there was seven to 31 during 2020. The 146 identified research articles cover the
continuum of hearing healthcare including health promotion (2%), screening (39%), diagnosis
(35%), treatment (10%), and support (14%). The majority of studies were conducted in high-
income countries (56%), while the data from LMICs was sparser (44%). Studies made use of
smartphones (65%) and tablets (34%) to facilitate the mHealth services without any mobile or

feature phones.

The two most prominent areas of application were screening and diagnosis. Each of these
areas contributed almost 40% of the articles. Screening articles were mostly conducted in
LMICs, whereas most diagnosis focused articles were conducted in high-income countries.
This is likely due to LMICs typically having a limited or total dearth of established screening
programs because of challenges including a shortage of human resources and prohibitive cost
of equipment*?°2!, High-income countries typically have more established screening
programs in place such as newborn hearing screening and school-based screening programs.
mHealth approaches that can enable the initial step in hearing healthcare in terms of detection,
is an important point of departure to utilise mHealth approaches in LMICs to initiate hearing

care.

Two thirds (66%) of all screening articles involved children, while almost one in four (25%)
diagnosis focused articles involved children. Screening followed by a diagnosis is crucial for
early intervention to reduce the negative impact that hearing loss has on both language and
cognitive development.* The limited number of articles focused on diagnosis in children using
mHealth approaches likely reflects the requirement for advanced technologies like auditory

brainstem responses and otoacoustic emissions to objectively test very young children unable
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to provide behavioural responses.**¢ There were also limited articles (10% and 2%) on
screening and diagnosis in children using speech testing. Speech testing provides holistic
information on an individual's everyday hearing ability and future research should consider

more mHealth approaches in children.?

Several (19%) screening articles demonstrate that mHealth supports task-shifting whereby
minimally trained individuals such as community healthcare workers (CHWSs) made use of
mHealth screening technologies. mHealth hearing screening technologies have the potential
to be used in combination with vision screenings by CHWs to provide cost-effective and
efficient services in communities.*® This task-shifting allows for decentralized screening
services with centralized surveillance through cloud-based data management.*® Additionally,
since 2019 there has been an increase in the number of studies involving diagnostic testing
(5%) that utilise mHealth technologies facilitated by minimally trained CHWs. CHWs were able
to successfully facilitate diagnostic testing, using a mHealth supported automated pure-tone
test, with sensitivity and specificity equivalent to results obtained by professionals.*® These
studies did not include an artificial intelligence (Al) algorithm but utilized automated test
protocols, automated ambient noise monitoring as well as quality indices for test operators
which could explain sensitivity and specificity results that are comparable to professionals.
mHealth supported and automated diagnostic assessments make task-shifting possible
through reduced demands on CHWs interpretation and limiting tester errors.**%° This
demonstrates significant potential since task-shifting, according to the WHO’s World Report

on Hearing, is an important strategy to make hearing healthcare more accessible.**6

More than half (59%) of screening articles and more than three in four (77%) of the diagnosis
articles made use of mHealth technologies that were self-operated by the patient. Low- or no-
touch services enabled by patient-operated mHealth technologies show great potential and
are especially applicable in the COVID-19 pandemic because they enable remote service

delivery.285!

Support, treatment, and health promotion were less common, contributing to only 15%, 10%
and 2% respectively, mostly undertaken in high-income countries. No support or treatment
articles were identified for the WHO region of Africa, where 39.9 million individuals with hearing
losses ranging from moderate to profound degrees reside.* All support and treatment articles
involved adults, reflecting a dearth of mHealth options to support rehabilitation in children with
hearing loss. Nearly half (46%) of support articles involved rehabilitation and education. The

use of mHealth in support can assist to improve treatment acceptance, management, and
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benefits.#%25% Reported mHealth approaches were able to successfully support the

management of hearing aids by providing education to older adults on hearing aid tasks.3*5°

Almost two in three (56%) articles provided treatment through a mHealth approach used in
conjunction with traditional hearing devices (i.e., hearing aids and cochlear implants). The use
of mHealth to support self-fitting hearing aids shows great potential to provide more accessible
and low-cost treatment options.%® Self-fitting hearing aids have been used successfully,
provided sufficient information was given.?® The use of mHealth can provide greater control
over device settings and enable more positive outcomes in the hearing aid fitting process with
troubleshooting resources available on a phone.®*%¢% This approach shows potential for
implementation in areas such as in LMICs where approximately 270 million people need
hearing aids but are not using hearing aids due to costs and severely limited hearing

healthcare professionals and services.*

Only three articles focused on health promotion and all involved sound-level monitoring for
awareness of the risk of hearing loss due to personal listening devices. Health promotion
seems to be a relatively recent area with increasing interest as all three articles on promotion
were published in 2021. Hearing health promotion is one of the measures WHO recommends
to encourage safe listening to individuals, professionals and policy-makers.®® A mHealth

approach could be used to bring about promotion to safe listening habits.*®

Feasibility studies, constituting 15% of articles, provided information about mHealth service-
delivery rollout initiatives. More than half (568%) of feasibility studies were conducted in high-
income countries with 42% being conducted in LMICs. Screening (40%) and support (40%)
were the focus of most feasibility studies with diagnosis (16%) and treatment (4%) receiving
less attention. These articles demonstrated mHealth approaches potential in service-delivery

rollout. More research on feasibility studies for mHealth implementation globally is essential.

This review had some limitations. Only English articles were included which means articles
published in other languages may potentially have been excluded. A strict mHealth device
selection criteria means some articles that made use of mHealth solutions operated on devices
other than phones, smartphones or tablets may have been excluded. This review highlighted
strengths and gaps in current literature, however, the quality, effectiveness, or validity of
mHealth approaches were not assessed since it was a scoping review. Only published
research was used in this review therefore the use of mHealth in the grey literature was not

reported.
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CONCLUSION

This review highlights a range of mHealth approaches developed and implemented across
various ages, settings, countries and along the entire hearing healthcare continuum. mHealth
is enabling innovative hearing healthcare service-delivery models through mobile technologies
that can be used by patients themselves or facilitated by minimally trained CHWSs. Despite a
breadth of potential across hearing health services more implementation evaluations are
required to strengthen the body of supporting evidence. Future investigations should be
focussed especially on LMICs, treatment and support in children and health promotion across

regions.
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