m i NRESEARCH  Focusing on Biology, Medicine 5’.

. Public Health

d Engi ing discipli
ABioMed&EngineeringaJournal andEngineering Qiscipiines

=

3 MEDICINE ISSN 2995-8067

Article Information Review Article 8

Submitted: November 11, 2024
Approved: December 04, 2024
Published: December 05, 2024

How to cite this article: Ferdous A, Nishan MDNH, Jahan F.
Al-Driven Smart Auditory Health Systems: Bridging Audiology
and Public Health in Low- and Middle-Income Countries. IgMin
Res. December 05, 2024; 2(12): 950-957. IgMin ID: igmin272;
DOI: 10.61927/igmin272; Available at: igmin.link/p272

ORCID

Nishan MDNH: https://orcid.org/0000-0002-6883-0284
Ferdous A: https://orcid.org/0009-0005-4941-3599
Jahan F: https://orcid.org/0009-0009-8868-6345

Copyright: © 2024 Ferdous A, et al. This is an open access
article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is

properly cited.

AI-Driven Smart Auditory
Health Systems: Bridging
Audiology and Public Health
in Low- and Middle-Income
Countries

Anika Ferdous?!, MD Nahid Hassan Nishan?* and Farhana Jahan?

'Department of Audiology and Speech-Language Pathology, Bangladesh University of
Professionals, Dhaka-1216, Bangladesh
2Department of Public Health, North South University, Dhaka-1229, Bangladesh

*Correspondence: MD Nahid Hassan Nishan, MBBS, MPH, Department of Public Health,
School of Health and Life Sciences, North South University, Dhaka-1229, Bangladesh,

Keywords: Artificial Intelligence; Digital health; Hearing loss;

Low- and Middle-Income Countries; Smart auditory healthstems

Abstract

Hearing loss is a critical global health issue that affects over 1.5 billion people worldwide, with a disproportionate burden in Low- and Middle-Income
Countries (LMICs). These regions face significant challenges, including limited access to audiological services, a shortage of healthcare professionals, and
a lack of affordable hearing solutions. These barriers lead to delayed diagnoses, inadequate management, and a significant negative impact on individuals'
quality of life, education, and employment opportunities. The advent of Artificial Intelligence (Al) and advanced technologies offers innovative pathways
to address these longstanding challenges. This review introduces the Al-driven smart Auditory Health Systems (SAHS) concept. This holistic approach
integrates Al, wearable devices, Internet of Things (IoT) technology, and big data analytics to enhance the prevention, diagnosis, and management of
auditory disorders. SAHS systems can provide real-time monitoring, early detection of hearing loss, and personalized care solutions tailored to individual
and population needs. These systems offer community-level interventions, including noise pollution monitoring and data-driven public health strategies.
Focusing on the LMIC context, this review explores the technological framework, applications, ethical considerations, and logistical challenges of
implementing SAHS. By leveraging these advanced technologies, SAHS has the potential to bridge gaps in healthcare access, improve health outcomes, and
transform auditory healthcare delivery in resource-constrained settings. This review underscores the importance of collaborative efforts in research, policy
development, and capacity building to ensure equitable adoption of SAHS, thereby addressing hearing health disparities globally.
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Introduction

Hearing loss is a pervasive global health issue, with the World
Health Organization (WHO) estimating that over 1.5 billion
people live with some degree of hearing loss, and approximately
430 million require rehabilitation services [1,2]. The burden is
particularly pronounced in low- and middle-income countries
(LMICs), where 80% of individuals with hearing loss reside [3].
In these regions, access to audiological services is often limited
due to factors such as insufficient healthcare infrastructure,
a shortage of trained professionals, and financial constraints
[4]. Consequently, many individuals do not receive timely
diagnoses or appropriate interventions, leading to adverse
outcomes in communication, education, employment, and
overall quality of life [5]. Traditional approaches to hearing
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healthcare in LMICs have been challenged by these systemic
barriers. Conventional hearing aids and cochlear implants, while
effective, are often inaccessible due to high costs and the need
for specialized fitting and maintenance. Moreover, public health
initiatives targeting hearing loss prevention and management
are frequently underfunded and lack integration into broader
healthcare strategies [6]. This situation underscores the need
for innovative solutions that can overcome these obstacles and
provide scalable, cost-effective auditory healthcare [7]. The
rapid advancement of Artificial Intelligence (AI) and digital
health technologies presents a transformative opportunity
to address these challenges. Al has demonstrated significant
potential in various healthcare domains, including diagnostics,
personalized medicine, and predictive analytics [8,9]. In
audiology, Al can enhance the functionality of hearing devices,
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facilitate early detection of hearing impairments, and support
data-driven public health interventions [10]. When integrated
with wearable technology and the Internet of Things (IoT), Al
enables continuous monitoring of auditory health, providing
real-time feedback and personalized care [11].

This review paper introduces the concept of Al-driven
smart Auditory Health Systems (SAHS), which leverage
Al, wearable devices, 10T, and big data analytics to create a
comprehensive framework for auditory healthcare [12].
SAHS aims to bridge the gap between individual patient
care and public health strategies, offering solutions that are
particularly relevant to the LMIC context. By utilizing readily
available technologies and scalable platforms, SAHS has the
potential to overcome existing barriers and improve access to
quality auditory healthcare in resource-constrained settings.

In the following sections, we will explore the technological
framework underpinning SAHS, discuss their applications at
individual and population levels, examine ethical and logistical
challenges, and consider future directions for research and
implementation. Through this comprehensive analysis, we
aim to highlight the potential of SAHS to transform auditory
healthcare and contribute to global health equity.

Technological framework

The foundation of Smart Auditory Health Systems
(SAHS) lies in the integration of advanced technologies that
collectively enhance auditory healthcare delivery [13]. In
the context of Low- and Middle-Income Countries (LMICs),
where healthcare resources are often limited, the adoption
of such technologies offers a pathway to overcoming existing
barriers and improving access to quality auditory care.
Artificial Intelligence (AI) has emerged as a transformative
force in healthcare, offering capabilities that extend beyond
traditional diagnostic and therapeutic approaches [14]. In
audiology, Al algorithms can analyze complex datasets to
identify patterns indicative of hearing impairments, enabling
early detection and intervention. For instance, machine
learning models can process audiometric data to predict
the onset of hearing loss, facilitating proactive management
strategies [15,16]. Additionally, Al-driven speech recognition
technologies enhance the performance of hearing aids by
adapting to diverse acoustic environments, thereby improving
user experience and satisfaction.

Wearable devices, such as smart hearing aids and noise
exposure monitors, play a crucial role in SAHS by providing
continuous monitoring of auditory health metrics [17]. The
integration of wearable devices with Al-driven health systems
has significantly advanced healthcare delivery in recent
years, particularly in areas like continuous monitoring and
early diagnosis. Studies have shown the potential of wearable
sensors tomonitor physiological signals accurately, supporting
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personalized healthcare approaches [18]. These technologies
are particularly relevant in auditory health, where continuous
monitoring of noise exposure and hearing conditions can
mitigate long-term impairments [19]. Recent advancements
in machine learning have also facilitated the development of
integrated health platforms that collect, analyze, and interpret
large-scale health data, enabling precise interventions and
better resource allocation [20]. These innovations underscore
the transformative potential of Al-powered wearable systems
in addressing global health disparities.

Smart Auditory Health Systems (SAHS) rely on a variety of
sensors and instrumentation for data collection, processing,
and actionable feedback. Key components include wearable
hearing aids integrated with Digital Signal Processing
(DSP) chips, environmental noise sensors, and loT-enabled
monitoring devices. For instance, noise dosimeters equipped
with MEMS microphones can measure noise levels with high
precision at frequencies ranging from 20 Hz to 20 kHz. These
devices often support Bluetooth or Wi-Fi connectivity, enabling
real-time data transmission to centralized SAHS platforms
[21]. Additionally, personal hearing aids with Al integration
are embedded with advanced feedback suppression systems
and adaptive beamforming microphones to optimize user
experience in diverse acoustic environments [22].

In terms of costs, wearable hearing aids with Al capabilities
typically range between $300 and $1,500 per unit, depending
onfeaturessuchasnoise cancellation, real-time processing,and
connectivity options [23]. [oT-enabled environmental noise
sensors, used for community monitoring, cost approximately
$100-$500 per device, with recurring expenses for data
storage and analysis services estimated at $50-$100 annually
per deployment [23]. These costs highlight the affordability
of SAHS components relative to their transformative potential
in LMICs. The integration of these devices with the Internet
of Things (IoT) enables the collection and transmission of
real-time data to centralized platforms for analysis. Effective
implementation of Smart Auditory Health Systems (SAHS)
depends on monitoring network outputs from wearable
devices. These devices transmit data on noise levels, auditory
health metrics, and performance through IoT platforms. Real-
time monitoring ensures data accuracy, system reliability, and
prompt interventions. Centralized dashboards aggregate and
visualize data, detecting issues such as device malfunctions or
connectivity problems. Al algorithms can identify anomalies,
enabling timely maintenance or recalibration. Location-
specific monitoring also supports targeted interventions, such
as identifying high-noise urban areas for immediate action or
allocating resources in rural regions at risk. Robust network
systems with fail-safes like data buffering and redundancy
protocols prevent data loss and enhance system reliability,
ensuring SAHS operates effectively across diverse settings.
In LMICs, where access to healthcare facilities may be

I December 05, 2024 - Volume 2 Issue 12



ISSN 2995-8067

DOI: 10.61927/igmin272

limited, wearable devices offer a practical solution for remote
monitoring and management of hearing health [24]. For
example, [oT-enabled noise sensors can be deployed in urban
areas to monitor environmental noise levels, providing data
that inform public health interventions aimed at reducing
noise pollution [25].

The aggregation of data from wearable devices and IoT
sensors facilitates the application of big data analytics, which
can uncover population-level trends and inform public health
strategies. In LMICs, where epidemiological data on hearing
loss may be scarce, big data analytics can provide valuable
insights into the prevalence and distribution of auditory health
issues [26,27]. This information is essential for designing
targeted interventions, allocating resources effectively,
and evaluating the impact of public health programs. For
instance, analysis of noise exposure data can identify high-
risk communities, prompting the implementation of noise
reduction policies and awareness campaigns [28].

By leveraging Al, wearable devices, [oT, and big data
analytics, SAHS creates a comprehensive ecosystem that
addresses both individual and population-level auditory
health needs. This technological framework is particularly
advantageous in LMICs, where traditional healthcare
infrastructure may be inadequate to meet the growing
demand for auditory care. The scalability and adaptability of
SAHS make them well-suited to the diverse challenges present
in these settings, offering a pathway to improved hearing
health outcomes and greater health equity.

Methodology

The methodology of this study was designed to provide
a comprehensive review of the potential of Al-driven smart
Auditory Health Systems (SAHS) in addressing auditory
healthcare challenges, particularly in low- and middle-income
countries (LMICs).Thisapproachinvolvedasystematicanalysis
of existing literature to identify technological frameworks,
applications, ethical considerations, and implementation
challenges relevant to SAHS in resource-constrained settings.
To collect relevant information, a systematic search strategy
was employed using prominent electronic databases, including
PubMed, Scopus, IEEE Xplore, and Google Scholar. Keywords
such as "Al in audiology," "hearing loss technologies," "digital
health in LMICs," "smart auditory health systems," and "public
health interventions for hearing loss" were utilized to refine
the search. Boolean operators (AND/OR) were applied to
ensure the inclusion of studies covering intersections of these
themes. The search was restricted to peer-reviewed articles
published in English between 2013 and 2024 to capture
recent advancements in the field. The inclusion criteria for
this review were defined to ensure the relevance and quality
of selected studies. Articles were included if they explored
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the role of Artificial Intelligence (Al), wearable devices,
Internet of Things (IoT), or big data analytics in auditory
healthcare. Studies that focused on hearing loss prevention,
diagnosis, or management in LMIC contexts were prioritized.
Additionally, research addressing ethical considerations and
implementation challenges of digital health systems was
included. Studies unrelated to auditory health, those focusing
solely on high-income countries, or articles lacking empirical
evidence were excluded from the review to maintain focus and
rigor. Data were extracted from the selected articles using a
standardized format to gather key information. This included
the objectives of the study, the technologies employed (such
as Al, 10T, or wearables), the target populations and settings,
and the results and conclusions regarding the effectiveness
of SAHS. Extracted data were synthesized thematically to
identify recurring trends and critical gaps. Key themes were
organized into technological frameworks, applications, ethical
considerations, and areas for future research.

Environmental noise and its management

Environmental noise is a significant public health concern,
particularly in urban areas of LMICs where industrial activity,
traffic congestion, and unregulated urbanization contribute
to excessive noise exposure. Chronic exposure to high noise
levels, often exceeding the recommended 85 dB(A) threshold,
is linked to irreversible hearing damage, increased stress
levels, and cardiovascular health risks [29]. Al-assisted SAHS
canplayapivotalrolein mitigating the impactofenvironmental
noise by deploying loT-enabled noise sensors for real-time
monitoring and hotspot identification. For instance, wearable
noise dosimeters integrated into SAHS platforms allow for
individual-level tracking of sound exposure, alerting users
when thresholds are exceeded. Managing environmental noise
effectively requires a multi-stakeholder approach, including
policymakers, urban planners, and healthcare providers.
Investments in noise monitoring infrastructure, coupled with
stringent enforcement of noise control laws, are essential to
reducing noise-induced hearing loss and improving overall
public health outcomes.

Applications of SAHS in LMICs

The implementation of Smart Auditory Health Systems
(SAHS) in Low- and Middle-Income Countries (LMICs)
offers a multifaceted approach to addressing auditory
health challenges at both individual and community levels.
By leveraging advanced technologies, SAHS can enhance
the prevention, diagnosis, and management of hearing loss,
thereby improving overall public health outcomes.

Individual-level care

In LMICs, access to audiological services is often
limited due to a shortage of healthcare professionals and
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financial constraints. SAHS can mitigate these challenges by
providing personalized auditory health solutions through
wearable devices integrated with Artificial Intelligence (AI).
For instance, Al-powered hearing aids can automatically
adjust settings based on the user's environment, improving
speech recognition and overall hearing experience [22,30].
Additionally, wearable noise exposure monitors can alert
individuals to hazardous sound levels, enabling proactive
measures to prevent noise-induced hearing loss. These
technologies empower individuals to take control of their
hearing health, reducing reliance on scarce healthcare
resources.

Community-level interventions

At the community level, SAHS facilitates public health
strategies aimed at preventing and managing hearing loss.
The integration of Internet of Things (IoT) devices, such as
environmental noise sensors, allows for real-time monitoring
of noise pollution in urban areas [23]. Data collected from
these sensors can inform policymakers about noise pollution
hotspots, leading to targeted interventions such as traffic
management and urban planning to reduce noise exposure
[29]. Furthermore, community health workers equipped with
mobile applications connected to SAHS can conduct hearing
screenings and disseminate educational materials, raising
awareness about hearing health and promoting preventive
behaviors.

Workplace and school applications

Occupational noise-induced hearing loss is a significant
concern in LMICs, particularly in industries such as
manufacturing and construction. SAHS can monitor workplace
noise levels and provide feedback to both employers and
employees, facilitating the implementation of effective
hearing conservation programs [31,32]. In educational
settings, SAHS can support school-based hearing screening
programs, enabling early detection of hearing impairments
among children. Early intervention is crucial for academic
success and social development, and SAHS provides the tools
necessary for the timely identification and management of
hearing issues in school-aged populations.

Ethical and logistical challenges

While the potential benefits of Smart Auditory Health
Systems (SAHS) in Low- and Middle-Income Countries
(LMICs) are substantial, their implementation is accompanied
by several ethical and logistical challenges that must be
carefully addressed. The collection and processing of sensitive
auditory health data through SAHS raise significant privacy
concerns. In LMICs, where data protection regulations
may be less stringent or inconsistently enforced, the risk of
unauthorized access or misuse of personal health information

IgMin Research in MEDICINE

is heightened. Ensuring robust data encryption, establishing
clear consent protocols, and adhering to international data
protection standards are essential to maintaining public trust
and protecting individual privacy [33].

The digital divide presents a significant barrier to the
widespread adoption of SAHS in LMICs. Training users
and their family members is critical for the effective use
of Smart Auditory Health Systems (SAHS). This includes
guidance on operating wearable devices, adjusting settings,
and interpreting alerts. Training can be provided through
community workshops, instructional videos, and mobile
apps tailored to local languages. Hands-on sessions led by
healthcare workers allow users and families to practice
handling and troubleshooting devices. Empowering families
is especially important in LMICs, where healthcare access is
limited. Trained family members can assist with monitoring
device performance and ensuring consistent use, particularly
for children or elderly users. Accessible and culturally
appropriate training materials enhance user engagement
and the overall success of SAHS. Many individuals lack
access to the necessary technology, such as smartphones or
internet connectivity, required to utilize SAHS effectively [34].
Additionally, the cost of wearable devices may be prohibitive
for low-income populations. Addressing these disparities
requires targeted interventions, such as subsidized device
programs, community-based digital literacy initiatives, and
the development of low-cost, user-friendly technologies
tailored to the local context.

The effectiveness of SAHS depends on the seamless
integration of various devices and platforms. However, the
lack of standardized protocols and interoperability between
different technologies can hinder data sharing and system
efficiency. Developing universal standards and fostering
collaboration among technology developers, healthcare
providers, and policymakers are crucial steps toward creating
cohesive and functional SAHS ecosystems.

Implementing SAHS in LMICs necessitates building
local capacity in Al and digital health. Training healthcare
professionals, technicians, and community health workers
to operate and maintain these systems is essential for
sustainability. Moreover, involving local stakeholders in the
design and deployment of SAHS ensures that the systems are
culturally appropriate and aligned with the specific needs of
the community.

Discussion

The introduction of Smart Auditory Health Systems
(SAHS) in Low- and Middle-Income Countries (LMICs)
holds the potential to revolutionize auditory healthcare by
addressing deep-rooted disparities and aligning with broader
public health priorities. Hearing loss remains a significant yet
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underappreciated health concern in LMICs, where resource
limitations and systemic challenges exacerbate the problem.
SAHS, through the integration of Artificial Intelligence (Al),
wearable devices, the Internet of Things (IoT), and big data
analytics, offers innovative solutions that are both scalable
and impactful [35,36]. These systems promise to bridge
gaps in access, affordability, and efficiency, ensuring more
equitable auditory healthcare delivery. One of the most
notable advantages of SAHS is its ability to provide real-time
monitoring and actionable, data-driven insights [37]. This
capability is particularly valuable in rural and underserved
areas, where traditional audiological care is often unavailable
or inadequate. For instance, wearable devices equipped with
noise exposure monitors can serve as early-warning systems
for individuals working in high-risk environments, such
as industrial and construction sites [21,38]. These devices
not only alert users to harmful noise levels but also enable
proactive interventions to prevent irreversible hearing loss.
This represents a shift from reactive to preventive healthcare,
which is critical for addressing the burden of auditory
disorders in LMICs. Al-driven hearing aids further enhance
the individual-level benefits of SAHS. Al-assisted devices offer
distinct advantages over non-Al-assisted systems, primarily
in personalization and proactive care. While traditional
auditory devices rely on static settings, Al-powered systems
dynamicallyadapttotheuser'senvironment, enhancingspeech
recognition and noise filtering for improved user satisfaction
[39]. Additionally, Al-driven wearable devices enable real-
time monitoring and predictive interventions, such as alerts
for harmful noise exposure, which are particularly beneficial in
high-risk occupational settings. These capabilities underscore
the transformative potential of Al in auditory healthcare,
enabling a shift from reactive to preventive solutions and
ensuring better health outcomes. Unlike conventional hearing
aids, which often provide generic amplification, Al-powered
devices use advanced algorithms to adapt to the unique
needs of each user. These devices can analyze environmental
sounds in real-time, optimize settings for improved speech
recognition, and provide a more personalized auditory
experience [38]. Such innovations significantly improve user
satisfaction and long-term adherence, addressing one of the
key challenges associated with hearing aid use in LMICs.
However, the successful implementation of SAHS in LMICs
is not without challenges. The high cost of wearable devices
remains a significant barrier to adoption, particularly in
low-income communities [40,41]. The predictive power
of Al-driven SAHS models is critically dependent on the
quality and diversity of retrospective data used for training.
Retrospective datasets often contain inherent biases, such as
overrepresentation of certain populations or underreporting
of noise exposure levels in rural areas. Despite these
limitations, machine learning approaches in audiology have
demonstrated predictive accuracies ranging from 85% to 92%
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in identifying high-risk groups for hearing loss when trained
on diverse datasets [16]. In LMICs, where retrospective data
may be incomplete or skewed, integrating real-time data
from wearable IoT devices significantly enhances predictive
accuracy by providing contextualized and population-
specific insights. These advancements underscore the need
to invest in data collection infrastructure and harmonized
protocols to optimize predictive outcomes globally in SAHS
implementations. Many families in LMICs cannot afford
advanced hearingaidsornoise monitors, creatingastarkdivide
in access to these life-enhancing technologies. Innovative
financing models, such as microloans, device leasing, or
subsidies, could play a pivotal role in making SAHS more
accessible. Public-private partnerships could also facilitate the
distribution of affordable devices by leveraging the resources
and expertise of both sectors. Governments and international
organizations must prioritize the inclusion of auditory health
technologies in public health programs to ensure that the
benefits of SAHS reach the most vulnerable populations [42].
Another critical consideration is the integration of SAHS into
existing healthcare frameworks. LMICs often rely heavily
on primary care networks and community health worker
programs to deliver basic healthcare services. Embedding
SAHS into these structures could enhance their reach and
impact without overburdening already stretched healthcare
systems. For example, community health workers equipped
with mobile devices connected to SAHS platforms could
perform hearing screenings, distribute wearable devices, and
provide education on hearing health. Such an approach would
not only improve early detection and intervention rates but
also strengthen the overall capacity of healthcare systems in
these regions.

Beyond individual care, the population-level benefits of
SAHS hold immense potential to drive systemic change. By
aggregating data from wearable devices and IoT sensors,
SAHS can generate insights into community-wide trends, such
as noise pollution levels and hearing loss prevalence. This
information is invaluable for policymakers, enabling evidence-
based urban planning, occupational health regulations, and
public education campaigns. For instance, data on noise
pollution hotspots could inform zoning laws and infrastructure
development, while insights into occupational noise exposure
could lead to stricter workplace safety standards. Public
health campaigns leveraging these insights could also raise
awareness about the importance of hearing protection and
preventive care, fostering a culture of proactive auditory
health. However, realizing the full potential of SAHS requires
substantial investments in digital health infrastructure and
regulatory frameworks. LMICs must address critical gaps
in internet connectivity, data storage, and cybersecurity to
support the deployment of these advanced systems. Equally
important is the establishment of ethical guidelines to govern
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the use of SAHS technologies. Issues such as data privacy,
algorithmic bias, and equitable access must be carefully
managed to prevent unintended consequences and ensure
that these technologies benefit all segments of the population.

Limitations and future directions

While this review highlights the transformative potential
of Smart Auditory Health Systems (SAHS) in Low- and Middle-
Income Countries (LMICs), it is not without limitations.
The primary limitation is the lack of large-scale empirical
data to validate the long-term effectiveness of SAHS across
diverse settings. Retrospective datasets used in training Al
models may introduce biases, impacting the generalizability
of results. Additionally, the high cost of devices and limited
digital infrastructure in LMICs pose significant barriers to
widespread adoption. Ethical concerns, particularly regarding
data privacy and accessibility for vulnerable populations,
remain unresolved and warrant further investigation.

Future research should focus on conducting pilot studies
to assess the real-world effectiveness of SAHS in improving
auditory health outcomes. Efforts should also prioritize
developing low-cost, durable devices tailored to resource-
constrained environments. Moreover, collaboration with local
stakeholders is crucial to designing culturally appropriate
and scalable training programs. Expanding the integration
of SAHS with existing healthcare frameworks and exploring
public-private partnerships can also facilitate broader
implementation. Addressing these limitations through
targeted research and policy initiatives will be pivotal in
realizing the full potential of SAHS to bridge auditory health
disparities globally.

Conclusion

Smart Auditory Health Systems (SAHS) leverage Al, IoT,
and big data analytics to address critical challenges in auditory
healthcare, particularly in LMICs. Key findings highlight
SAHS' potential for real-time monitoring, early detection,
and tailored interventions. However, barriers like device
costs, digital infrastructure, and training limitations must be
addressed. Recommendations include prioritizing low-cost
devices, expanding digital health frameworks, and fostering
public-private partnerships. The take-home message is
clear: SAHS offers a scalable and transformative solution for
auditory health equity, but collaborative efforts in research,
policy, and implementation are essential to bridge existing
gaps and empower underserved communities globally.
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