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Highlights

Public health relevance—How does this work relate to a public health issue?

e  Hearing-functioning problems in African populations frequently extend beyond hear-
ing loss alone and involve overlapping auditory, vestibular, and sensory dysfunction.

e  Human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS),
tuberculosis (TB), diabetes mellitus (DM), and headache-related conditions were
commonly associated with multidimensional hearing-functioning problems across
African settings.

Public health significance—Why is this work of significance to public health?

e  Current hearing-health research and services in Africa remain largely focused on
impairment-level hearing loss, potentially overlooking broader rehabilitation needs.

e  This study highlights substantial regional, contextual, and healthcare-system variabil-
ity in reported hearing-functioning problems across Africa.

Public health implications—What are the key implications or messages for practitioners,
policy makers and/or researchers in public health?

e Rehabilitation-oriented hearing assessment approaches should consider vestibular,
balance, and auditory-processing difficulties alongside hearing loss.

e  Greater investment is needed in multidisciplinary hearing and rehabilitation services,
particularly within community, rural, and under-resourced healthcare settings.

Abstract

Hearing-functioning problems contribute substantially to disability and rehabilitation
needs globally; however, evidence describing the range and interconnected nature of these
problems across African populations remains fragmented. This study aimed to describe
hearing-functioning problems associated with high-burden adult health conditions across
African populations using data from the Rehab4All database. A secondary exploratory
analysis was conducted using data extracted from a large Africa-wide scoping review of
functioning problems associated with conditions contributing substantially to years lived
with disability (YLD). The parent review systematically searched PubMed, Scopus, Web
of Science, EBSCOhost, and SABINET and included English-language studies conducted
in African adults. Hearing-functioning problems were classified according to the Inter-
national Classification of Functioning, Disability and Health (ICF). Descriptive analyses,
visual mapping techniques, and exploratory random-effects prevalence meta-analyses
were performed. Ninety-seven articles published between 2007 and 2022 were included.
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Most studies originated from Southern Africa, particularly South Africa. Human immun-
odeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS), tuberculosis (TB),
diabetes mellitus (DM), hearing-loss cohorts, and headache-related conditions contributed
most frequently to reported hearing-functioning problems. Hearing loss, tinnitus, and
vestibular dysfunction were the most commonly reported problems; however, multidimen-
sional co-occurring auditory and vestibular profiles were frequently identified. Distinct
functional patterns emerged across conditions, with TB demonstrating predominantly au-
ditory dysfunction, while HIV/AIDS and DM demonstrated broader auditory—vestibular
involvement. Hearing-functioning problems within the African evidence base appear
multidimensional, interconnected, and unevenly distributed geographically.

Keywords: hearing-functioning problems; rehabilitation; vestibular dysfunction; Africa;
hearing loss; International Classification of Functioning; Disability and Health (ICF)

1. Introduction

Hearing loss is a major public health issue in Africa, affecting millions of people and
placing a significant economic burden on society. Currently, approximately 40 million peo-
ple in Africa experience hearing loss, representing a prevalence rate of 3.6% [1]. Projections
indicate a marked increase, with the number of individuals with disabling hearing loss
expected to reach 54 million by 2030 and 97 million by 2050 [1]. These trends highlight the
growing need for effective and sustainable responses to hearing loss across the region.

The economic implications of untreated hearing loss are equally alarming. Failure to
address hearing loss is estimated to cost African economies approximately US$ 27.1 billion
annually, driven by reduced productivity, increased healthcare expenditure, and reduced
quality of life for individuals with hearing impairment [1].

Despite this substantial and growing burden, the evidence base on hearing-related
functioning problems among adults in Africa remains limited. Available studies often rely
on non-representative populations, such as older adults or individuals with condition-
specific hearing loss. A recent Africa-wide systematic review identified only seven eligible
studies (n = 2761), with most research conducted among specific populations such as those
of retirement homes and of schools for students with special educational needs, and with a
predominance of female participants, limiting generalisability [2].

When framed within the International Classification of Functioning, Disability and
Health (ICF), the existing literature suggests that while impairment at the level of body func-
tions is well documented, the broader disability burden associated with hearing is mediated
through activity limitations and participation restrictions, shaped by environmental and
contextual factors rather than hearing thresholds alone [3]. Where more detailed evidence
is available, hearing loss is consistently associated with reduced social participation, poorer
emotional well-being, and adverse cognitive and psychosocial outcomes among older
adults [2,4-6]. In addition, evidence from sub-Saharan Africa highlights persistent barriers
to healthcare access for individuals with hearing impairment, including communication
difficulties, discrimination, financial constraints, and negative healthcare-worker attitudes,
as well as limited autonomy, security, and privacy [7].

Considering the high prevalence of hearing loss and its sequelae, and the lack of
evidence synthesis of the prevalence of hearing problems in Africa, this scoping review
aimed to map and synthesise evidence on hearing-related functioning problems among
adults in Africa using data from the Rehab4All database [8]. Specifically, the study sought
to describe the types and prevalence of hearing-related functioning problems reported as
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sequelae of the top health conditions contributing to the most years lived with disability
(YLD), identify the conditions most frequently associated with these problems, map their
distribution across countries, and examine the levels of care at which they are reported.

2. Materials and Methods
2.1. Study Design

This study presents a secondary exploratory analysis of hearing-functioning problems
extracted from a large scoping review that mapped functioning problems associated with
major disability-causing health conditions among adults in all African countries. Data
were extracted using the Rehab4All application (https://ttlx.me/rehab4all, accessed on
21 July 2026), a bespoke secure web-based application developed to support structured
data extraction and classification of functioning problems using the ICF [9]. The parent
scoping review followed the Arksey and O’Malley framework [10], the updated Joanna
Briggs Institute (JBI) methodology for scoping reviews [11] and the PRISMA-ScR reporting
guidelines. As is typical of scoping reviews, the underlying evidence comprised studies
with diverse methodological designs, reflecting the breadth of the available literature rather
than a homogeneous body of evidence.

2.2. Parent Scoping Review and Data Source

The methods of the parent scoping review, including the search strategy, eligibility
criteria, study selection process, and data extraction procedures, have been published
elsewhere [12]. The broader review included peer-reviewed studies from African countries
published from January 2006 onwards which were identified through searches of PubMed,
Scopus, Web of Science, EBSCOhost, and SABINET [12]. Searches for potential articles
started as early as August 2021 and updated searches were conducted from August 2024.
Due to time and resource constraints, only English-language studies were included, as
limited multilingual proficiency of the research team and the absence of professional
translation services prevented the accurate extraction and assessment of eligible data.
Studies were included if they reported on functioning problems amenable to rehabilitation
in African adults (15 years and older) which resulted from at least one diagnosed health
condition in the top ten health conditions contributing to highest YLDs per country (based
on the Global Burden of Disease [GBD] 2019 estimates obtained from the GBD Compare
tool on https:/ /vizhub.healthdata.org/gbd-compare/, accessed on 1 July 2021).

Extracted data from the Rehab4All online web application, included study character-
istics, population details, health conditions (classified using the International Classification
of Diseases, 11th Revision and GBD groupings), functioning problems, outcome measures,
prevalence estimates, country, age group, and level of care. Data extraction for the parent
scoping review was performed independently by two reviewers with verification by a third
reviewer, as described in the published parent review [12].

The present analysis used the final, cleaned extraction database generated by the
parent scoping review. No additional searches or data extraction were conducted.

2.3. Eligibility Criteria for the Hearing-Focused Analysis

For this secondary analysis, a subset of records was identified from the Rehab4All
database based on predefined hearing-specific eligibility criteria. Hearing-functioning
problems were identified and classified according to the ICF framework, primarily within
the sensory functions domain (b2), including hearing functions (b230) and sensations
associated with hearing and vestibular function (b240) [3]. Eligible studies were identified
by filtering the Rehab4All database for records coded under the relevant ICF hearing and
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sensory functioning categories and reviewing extracted functioning descriptions to ensure
alignment with the aims of the present analysis.

2.4. Data Analysis and Synthesis

The extracted hearing-functioning problems from the Rehab4All application included
hearing loss, tinnitus, vestibular impairment, dizziness/vertigo, falls, fear of falling, pain,
fear of sound, difficulties understanding others, and unspecified hearing impairment. Con-
ceptually related hearing-functioning problems extracted from the Rehab4All application
were grouped into standardised functional domains to facilitate descriptive synthesis and
comparison across health conditions. These groupings were informed by the organisation
of functioning problems within the Rehab4All application, the ICF framework, and au-
thor consensus to facilitate descriptive synthesis and comparison across health conditions.
“Hearing Loss” included both hearing loss and unspecified hearing impairment, while
“Vestibular Impairment” included dizziness/vertigo and vestibular impairment. Falls
and fear of falling were grouped under “Balance-related Problems,” representing func-
tional problems associated with postural stability. Although vestibular impairment and
balance-related problems are clinically related, they were analysed as separate categories
because vestibular dysfunction does not necessarily result in balance problems, and balance
problems may arise from multiple non-vestibular causes. Some functioning problems,
such as tinnitus, remained as standalone categories due to their distinct clinical presen-
tation. Broader categories were also created where appropriate, with pain incorporated
under “Other Auditory Symptoms,” and difficulties understanding others grouped under
“Auditory-processing Difficulties”. Fear of sound was categorised as “Phonophobia” to
reflect its distinct clinical presentation. Grouping individual functioning problems into
broader clinically meaningful categories allowed comparable synthesis across studies,
while preserving distinctions between related but conceptually different impairments.

Hearing-functioning problems were profiled descriptively according to underlying health
conditions contributing substantially to YLD in Africa. Descriptive analyses included the
frequency of reported hearing-functioning problems, average reported prevalence estimates,
total sample sizes, number of included studies, geographic distribution across African regions
and countries, and levels of care where functioning problems were identified.

Cross-tabulations were performed to explore relationships between health conditions
and hearing-functioning problems. Findings were summarised using descriptive statistics,
summary tables, heatmaps, radar plots, network visualisations, and narrative synthesis to
illustrate multidimensional hearing-function profiles across conditions.

For hearing-functioning problem categories with sufficient available study-level preva-
lence data, exploratory prevalence meta-analyses were conducted using random-effects mod-
els to generate pooled prevalence estimates and forest plots. These analyses were performed
to further explore the distribution and variability of selected hearing-functioning problems
within the available African evidence base. Due to anticipated methodological and clinical
heterogeneity across included studies, including differences in study design, populations,
settings, and outcome measures, pooled prevalence estimates were interpreted cautiously and
considered exploratory rather than representative population prevalence estimates.

3. Results

A total of 97 articles reporting on hearing functioning problems in adults from
22 African countries were extracted from the Rehab4All database and included in our
analysis. Articles were published between 2007 and 2022 and a combined sample of
14,208 male and female participants over the age of 15 years old suffering from at least one
of the top conditions contributing to YLD in Africa were included. The age distribution of
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participants varied across the included studies according to the underlying health condition,
with age reported inconsistently as categories, ranges, means, or medians. Most of the
studies were from the Southern African region (1 = 50, 64%); of these, 40 were from South
Africa (Figure 1). Ten articles originated from Western Africa, five from Central Africa and
eight from Eastern Africa. Northern Africa yielded 24 articles.
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Figure 1. Number of included articles per country/region.

3.1. Demographic Details

The included studies represented a range of study designs, with cross-sectional studies
(n =33, 34%), cohort studies (1 = 23, 24%), and case studies/case series (1 = 22, 23%) being
the most used. Together, these designs accounted for approximately 80% of the included
studies. Only one study utilised a survey design.

More than one-third of the studies were conducted at hospital level (n = 34, 35%),
while almost 30% (1 = 29) were conducted in primary healthcare clinics. Specialised
facilities accounted for 14% (n = 14) of the included studies, whereas only two studies were
conducted within rehabilitation facilities. The level of care was not specified in 10 studies,
and 8% of studies (n = 8) were conducted within community settings.

In terms of setting, half of the studies were conducted in urban areas, while more
than 40% did not report the study setting. Very few studies were conducted in rural (n = 5,
5%), semi-rural (n = 1, 1%), or mixed rural and urban settings (1 = 1, 1%). Table 1 below
summarises the study designs, levels of care, and study settings of the included studies.
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Table 1. Demographic details of included studies.

Study Design No. of Articles (n = 97)
Case—control 5 (5%)

Case study/series 22 (23%)
Cohort 23 (24%)
Cross-Sectional 33 (34%)
Quasi-Experimental 3 (3%)

RCT 3 (3%)

Review 7 (7%)

Survey 1 (1%)

Level of Care No. of Articles
Community level 8 (8%)
Hospital level 34 (35%)

Not reported 10 (10%)
Primary care clinic 29 (30%)
Rehabilitation facility 2 (2%)
Specialised hospital 14 (14%)
Setting No. of Articles
Not reported 42 (43%)

Rural 5 (5%)

Rural + Urban 1 (1%)
Semi-Rural 1 (1%)

Urban 48 (50%)

3.2. Most Frequently Reported Health Conditions Contributing to Hearing-Functioning Problems

Table 2 presents the different health conditions (n = 26) associated with hearing-
functioning problems among adults in Africa. To facilitate the analysis, similar health
conditions were grouped into broader disease categories (n = 12). Because hearing loss
was identified both as a health condition and as a hearing-functioning problem within
the dataset, a distinction was made between the two during analysis. Studies in which
participants were recruited primarily based on hearing loss as a health condition were
classified as “hearing loss cohorts,” while hearing loss reported as a functioning problem
remained classified under hearing loss.

Table 2. Number of articles covering hearing-functioning problems in top YLD-contributing condi-
tions in Africa.

Condition Disease Category No. of Articles (n)

Cancer (other, specified) c =2 1
ancer (n =

Cancer with hearing loss 1
DM (Diabetes Mellitus) with amputation 1
DM, Type I 1
2
3

DM (n=7)
DM, Type II

DM, Type unspecified
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Table 2. Cont.

Condition Disease Category No. of Articles (1)
Headache, Cervicogenic 1
Headache, Migraine Headaches (n =7) 5
Headache, unspecified 1
Hearing loss 18
Hearing loss due to drug toxicity Hearing Loss Cohorts (1 = 20) 1
Hearing loss with Genetic disorders 1
HIV/AIDS only 29
HIV /AIDS with Fracture(s) HIV/AIDS (n = 31) 1
HIV/AIDS with Karposi’s sarcoma 1
HIV/AIDS with TB HIV/AIDS + TB (n = 2)

TB, Multidrug-Resistant (MDR) 15
TB, unspecified TB (n=16) 1
Intracerebral haemorrhage 1
Ischemic stroke 2
Stroke, other specified Stroke (n=7) 1
Stroke, unspecified 3
Major depressive disorder Mental Health (n = 1) 1
Neck pain Musculoskeletal (1 = 2) 2
Visually Impaired Vision (n =1) 1
War-affected Conflict and terrorism (1 = 1) 1

HIV/AIDS, TB, and hearing loss cohorts contributed the largest proportion of studies
within the dataset, with 31, 16, and 20 articles, respectively. Given the high prevalence
of HIV/AIDS and TB co-occurrence within the African context, studies reporting on
HIV/AIDS only and those reporting on HIV/AIDS with TB co-infection were initially
presented as separate categories in Table 2 but were combined under the broader HIV/AIDS
category for all subsequent descriptive and exploratory analyses (e.g., Table 3). In addition,
DM, headaches, and stroke each contributed seven articles. In contrast, hearing-functioning
problems were less frequently reported among individuals with mental health conditions,
musculoskeletal conditions, visual impairments, and conflict- or war-affected populations,
with only one to two articles identified for each of these groups.
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Table 3. Average prevalence (%) of hearing-functioning problems in conditions contributing to highest YLD in Africa.
Functioning . -~ Hearing Loss Vision Musculo- Depressive
Problem Disease Category TB HIV/AIDS Cohorts Headaches DM Stroke Cancer Impairment Skeletal Disorders
Av. Prevalence % 12.79 19.78 37.82 46.91 25.33 6.13 - - 37.21 -
Vestibular Total Sample 191 5064 454 441 391 635 - - 148 -
dysfunction
No. of articles 3 20 7 4 4 3 (4 entries) * - - 2 -
Av. Prevalence % 31.06 21.62 73.29 13.79 28.13 - 30.9 40 - -
Tinnitus Total Sample 360 985 789 58 331 - 16 5 - -
No. of articles 4 5 11 1 3 - 1 1 - -
Av. Prevalence % 35.63 21.69 - - 37.6 29.47 85.5 - - 9.09
Hearing Loss Total Sample 3644 2202 - - 441 343 47 - - 33
No. of articles 17 14 - - 4 2 1 - - 1
Av. Prevalence % - 27 - - 21.84 - - - - -
Balance-
related Total Sample - 100 - - 87 - - _ _ _
Problems No. of articles - 2 - - 1 - - - - -
Other Av. Prevalence % - - 88.41 - - - - - - -
Auditory Total Sample - - 138 - - - - - - -
Symptoms No. of articles - - 1 (2 entries) * - - - - - - -
Av. Prevalence % - - 90 - - - - - - -
Audlto‘ry Total Sample - - 64 - - - - - - -
Processing
No. of articles - - 2 - - - - - - -
Av. Prevalence % - - - 74.3 - - - - - -
Phonophobia Total Sample - - - 223 - - - - - -
No. of articles - - - 2 - - - - - -

* Entries refer to if the article had more than one eligible population (e.g., ischemic and haemorrhagic stroke). ** HIV / AIDS column includes studies of HIV/AIDS only and HIV/AIDS-TB

co-infection.
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3.3. Reported Prevalence of Hearing-Functioning Problems Across Health Conditions Contributing
to YLD

In the table below (Table 3), we present the average reported prevalence of hearing-
functioning problems identified within the available African evidence base across the health
conditions contributing substantially to YLD. For clarity, the term “hearing-loss cohorts”
refers to participant groups recruited on the basis of hearing loss as an underlying health
condition, whereas “hearing loss” refers to an ICF-classified hearing-functioning problem
reported within the included studies. Hearing loss was the most consistently reported
functioning problem across conditions, including cancer-related populations (85.5%), DM
(37.6%), TB (35.6%), and stroke (29.5%). Tinnitus was also frequently reported, with
especially high prevalence among hearing-loss cohorts (73.3%) and moderate prevalence
among TB (31.1%), cancer (30.9%), and DM (28.1%) populations. Vestibular dysfunction
demonstrated notable prevalence in headache disorders (46.9%), hearing-loss cohorts
(37.8%), and musculoskeletal conditions (37.2%), while balance problems were primarily
reported in HIV /AIDS-related populations (27%) and DM (21.8%). Additional hearing-
functioning problems, including auditory-processing difficulties (90%), other auditory
symptoms (88.4%), and phonophobia (74.3%), were reported predominantly within hearing-
loss and headache-related cohorts.

3.4. Weighted Pooled Prevalence Estimates for Selected Condition-Functioning
Problem Combinations

Where sufficient data were available, we generated exploratory meta-analytic forest
plots for selected condition-functioning problem combinations. While Table 3 presents
average reported prevalences across the included studies, the forest plots provide weighted
pooled prevalence estimates based on study-level sample sizes and prevalence data. For-
est plots were generated for commonly reported and sufficiently represented hearing-
functioning problems, including hearing loss, tinnitus, and vestibular dysfunction among
TB and HIV/AIDS populations. These analyses were conducted to further explore the
variability, distribution, and interconnectedness of hearing-functioning problems reported
within the African evidence base.

3.4.1. HIV/AIDS and Vestibular Impairment

An exploratory meta-analytic forest plot of vestibular impairment among adults with
HIV/AIDS is presented (Figure 2) to further illustrate the variability and multidimen-
sional nature of hearing-functioning problems across included studies. The forest plot
demonstrated substantial variability in reported prevalence estimates across populations
and settings, with studies reporting both relatively low and markedly elevated prevalence
estimates of vestibular dysfunction. Despite variation in prevalence estimates, vestibular
dysfunction was consistently identified across multiple African HIV /AIDS populations.
Additional exploratory forest plots for hearing loss and tinnitus are provided in Appendix A
(Figures Al and A2).
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Figure 2. Weighted pooled prevalence estimates of vestibular impairment in individuals with
HIV /AIDS across included studies. Study citations are provided within the figure and correspond to
the full references listed in the manuscript. Squares represent individual study prevalence estimates
(with square size proportional to study weight), horizontal lines indicate 95% confidence intervals,
the orange diamond represents the pooled random-effects prevalence estimate, and the dashed line
represents the prediction interval. Study citations are provided within the figure and correspond to
the full references listed in the manuscript [13-30].

3.4.2. TB and Hearing Loss

The exploratory forest plot below (Figure 3) illustrates the weighted pooled prevalence
estimates of hearing loss among individuals with TB. Compared to the broader multidi-
mensional auditory—vestibular profiles observed in HIV/AIDS populations, TB-related
populations demonstrated predominantly auditory dysfunction profiles characterised
mainly by hearing loss and tinnitus. Although substantial variability in prevalence es-
timates was observed across included studies, hearing loss was consistently identified
across TB populations and healthcare settings. The recurring predominance of auditory
symptoms across the included evidence further supports the interpretation that TB-related
hearing-functioning problems within African populations may be strongly influenced by
ototoxic treatment exposure and auditory system involvement. Vestibular dysfunction was
identified in some TB populations, but appeared comparatively less prominent within the
available evidence base. An additional exploratory forest plot for tinnitus in individuals
with TB is provided in Appendix A (Figure A3).
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Figure 3. Weighted pooled prevalence estimates of hearing loss among individuals with TB across
included studies. Study citations are provided within the figure and correspond to the full references
listed in the manuscript. Squares represent individual study prevalence estimates (with square
size proportional to study weight), horizontal lines indicate 95% confidence intervals, the orange
diamond represents the pooled random-effects prevalence estimate, and the dashed line represents
the prediction interval. Study citations are provided within the figure and correspond to the full
references listed in the manuscript [31-46].

3.5. Interconnected Hearing-Functioning Profiles Across Health Conditions

Our findings indicate that hearing-functioning problems rarely occurred in isola-
tion, with several conditions demonstrating overlapping auditory, vestibular, sensory,
and balance-related dysfunction profiles. The radar plots (Figure 4) illustrate distinct
multidimensional hearing-function patterns within specific conditions. Furthermore, a
network graph (Appendix A, Figure A4) further demonstrates the broader interconnect-
edness of hearing-functioning problems across conditions that contribute substantially
to YLD within the included African evidence base. Tinnitus, vestibular dysfunction, and
hearing loss emerged as the most interconnected functioning domains, linking multiple
conditions simultaneously.
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Figure 4. Radar plots illustrating the multidimensional hearing-function profiles associated with TB,
HIV/AIDS, DM and Hearing Loss cohorts.

The radar plots visually demonstrate the relative prominence and co-occurrence of
different hearing-functioning problems, including hearing loss, tinnitus, vestibular dys-
function, and balance difficulties, across selected disease categories. TB demonstrated a
predominantly auditory profile characterised mainly by hearing loss and tinnitus, with
comparatively lower vestibular involvement. In contrast, HIV/AIDS demonstrated a
broader multidomain auditory-vestibular profile involving hearing loss, tinnitus, vestibu-
lar dysfunction, and balance problems occurring concurrently. Diabetes mellitus also
demonstrated a multidimensional profile with relatively balanced representation across
hearing loss, tinnitus, vestibular dysfunction, and balance dysfunction. Hearing-loss
cohorts demonstrated particularly strong co-occurrence between tinnitus and vestibu-
lar dysfunction.

3.6. Distribution of Reported Hearing-Functioning Problems Across Africa

Figure 5 presents a regional heatmap illustrating the distribution of reported hearing-
functioning problems across the African evidence base. The heatmap visualises patterns of
hearing-function impairment reported within different African regions, including vestibular
dysfunction, tinnitus, hearing loss, balance dysfunction, auditory-processing difficulties,
and phonophobia. Darker shading represents relatively higher reported prevalence values
within the studies included.
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Figure 5. Regional heatmap illustrating the distribution of reported hearing-functioning problems
across Africa.

Vestibular dysfunction, tinnitus, and hearing loss emerged as commonly reported
problems across several regions, while balance dysfunction, auditory processing and
phonophobia were less frequently reported across Africa, and not at all in some parts
of Africa.

North African studies demonstrated the broadest range of reported functioning
domains, including vestibular dysfunction, tinnitus, hearing loss, balance dysfunction,
auditory-processing difficulties, and phonophobia. West African evidence showed notable
reporting of tinnitus, hearing loss, and vestibular dysfunction, while Central African studies
showed higher reported hearing loss. Southern African evidence, although it contributed
the largest number of included studies overall, was represented in this heatmap mainly by
vestibular dysfunction, tinnitus, and hearing loss.

4. Discussion

This scoping review mapped and synthesised evidence on hearing-functioning prob-
lems among adults living with conditions contributing substantially to YLD in Africa using
data extracted from the Rehab4All database. Overall, the findings suggest that hearing-
functioning problems within the African evidence base are multidimensional, intercon-
nected, and contextually variable rather than isolated auditory impairments. HIV/AIDS,
TB, DM, Hearing Loss cohorts, and Headache-related conditions contributed most fre-
quently to the range of reported hearing-functioning problems, with several conditions
demonstrating overlapping auditory, vestibular, balance-related, and sensory dysfunction
profiles. In addition, most of the studies concentrated on the Southern African region. Im-
portantly, this study represents a mapping of the current published African evidence base
rather than the true epidemiology or distribution of hearing-functioning problems across
the continent. Consequently, the observed patterns should be interpreted as reflecting
where and how hearing-functioning problems have been investigated and reported, while
simultaneously highlighting important evidence gaps requiring future research.

4.1. Co-Occurrence of Functioning Problems

A key finding emerging from this review was the consistent co-occurrence of hearing
loss, tinnitus, vestibular dysfunction, auditory-processing difficulties, and phonophobia

https:/ /doi.org/10.3390/ijerph23080974


https://doi.org/10.3390/ijerph23080974

Int. J. Environ. Res. Public Health 2026, 23, 974 14 of 29

across several conditions contributing substantially to YLD in Africa. Rather than occurring
as isolated impairments, many hearing-functioning problems appeared to cluster together,
suggesting broader multidimensional auditory and vestibular involvement across affected
populations. Similar patterns have been reported internationally, where hearing loss, tinnitus,
dizziness, and vestibular symptoms frequently co-occur across adult populations and are
increasingly recognised as interconnected rather than independent clinical entities [47,48].

Distinct functional profiles nevertheless emerged across conditions in our study. TB-
related populations demonstrated predominantly auditory dysfunction profiles charac-
terised mainly by hearing loss and tinnitus, likely reflecting the well-established ototoxic
effects associated with aminoglycoside exposure in MDR-TB treatment regimens [49,50].
In contrast, HIV/AIDS and DM demonstrated broader auditory—vestibular involvement,
including hearing loss, tinnitus, vestibular dysfunction, and balance difficulties occurring
concurrently. These broader auditory—vestibular profiles may reflect the multisystem nature
of these conditions and the combined effects of chronic inflammation, neuropathic change,
vascular compromise, medication exposure, and opportunistic infections [51,52]. Headache-
related conditions demonstrated particularly strong vestibular and sound-sensitivity pro-
files, consistent with recognised features of vestibular migraine and central sensory pro-
cessing dysfunction [53]. Hearing-loss cohorts further demonstrated substantial overlap
between tinnitus, vestibular dysfunction, auditory-processing difficulties, and other audi-
tory symptoms, reinforcing the notion that hearing-related disability frequently extends
beyond peripheral hearing impairment alone.

Collectively, these findings suggest that hearing-functioning problems associated
with high-burden health conditions in Africa are more complex and multidimensional
than is often reflected in routine hearing assessments, highlighting the need for broader
rehabilitation-oriented and multidisciplinary models of care. Although the included health
conditions differ in their underlying pathophysiology, the aim of this study was to identify
shared hearing-functioning profiles from a rehabilitation perspective rather than compare
disease-specific mechanisms. This approach reflects the organisation of rehabilitation
around functioning rather than diagnosis and may better inform integrated rehabilitation
planning across diverse health conditions.

4.2. Implications of Vestibular Dysfunction

Vestibular dysfunction emerged prominently across several conditions, particularly
among headache-related conditions, hearing-loss cohorts, HIV /AIDS, and DM populations.
Despite this, vestibular impairments remain comparatively under-represented within African
hearing-health and rehabilitation literature, where clinical assessment has historically fo-
cused predominantly on impairment-level hearing loss identified through audiometric thresh-
olds [54,55]. This pattern was reflected within the review itself, where hearing loss remained
the most consistently reported functioning problem across conditions. Vestibular dysfunction
may have important implications for balance, mobility, falls risk, participation, and quality of
life, particularly among older adults and individuals living with chronic conditions [56,57].
Similarly, the identification of auditory-processing difficulties and phonophobia highlights
broader sensory and perceptual dimensions of hearing-function impairment that remain
insufficiently explored within African rehabilitation research.

4.3. Southern Africa

Most included studies originated from Southern Africa, with South Africa contributing the
largest proportion of articles within the evidence base. This geographical concentration likely
reflects differences in research capacity and publication output rather than the underlying distri-
bution of hearing-functioning problems across Africa. A substantial proportion of these studies
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focused on hearing-functioning problems associated with HIV/AIDS and multidrug-resistant
tuberculosis (MDR-TB), likely reflecting both the high regional burden of infectious diseases
and South Africa’s comparatively stronger research infrastructure and scientific output [58].
The predominance of HIV/AIDS- and TB-related hearing-functioning problems within the
evidence base further reflects the established association between these conditions, ototoxic
medication exposure, and auditory—vestibular dysfunction [49]. While the concentration of
evidence around infectious diseases is understandable given the regional disease burden, it may
also contribute to the relative under-representation of hearing-functioning problems associated
with non-communicable conditions and broader rehabilitation populations.

4.4. Geographical Distribution and Level of Care

Regional and service-level variation across the heatmaps suggested that hearing-
functioning problems may be investigated, identified, and reported differently across
African contexts and healthcare settings. More than half of the included studies originated
from South Africa, limiting the representativeness of the evidence across other African
regions, particularly West and North Africa. Although Southern Africa contributed the
largest proportion of studies overall, North African studies demonstrated the widest range
of reported hearing-functioning domains. These differences may reflect variation in re-
search priorities, specialist service availability, clinical assessment approaches, and the
extent to which broader vestibular and sensory symptoms are routinely evaluated. Simi-
larly, most evidence originated from hospital- and primary care-level studies conducted
within relatively well-resourced urban settings, while rehabilitation facilities, community
settings, and rural or semi-rural populations remained comparatively under-represented.
This pattern aligns with broader systemic challenges documented across the World Health
Organisation (WHO) African Region, including limited workforce capacity, uneven re-
source distribution, and the concentration of specialised hearing-health services within
urban and tertiary-level facilities [1].

These findings therefore represent the distribution of the current evidence base rather
than the availability of rehabilitation services or the true burden of hearing-functioning
problems across different healthcare settings. Consequently, opportunities for early identi-
fication, multidisciplinary assessment, and continuity of rehabilitation-focused care may
remain restricted for many affected populations.

4.5. Variability in Prevalence Estimates

The exploratory meta-analytic forest plots demonstrated substantial variability in
prevalence estimates across studies, particularly among HIV/AIDS- and TB-related popula-
tions. This heterogeneity was anticipated given the diversity of included study populations,
clinical settings, disease severity, treatment exposures, diagnostic approaches, and outcome
measures across the African evidence base. Variability in access to healthcare services,
timing of assessment, HIV/TB co-infection, ototoxic medication exposure, and differences
in audiological and vestibular assessment methods may also have contributed to the wide
range of reported prevalence estimates observed between studies.

Importantly, however, while the methodological heterogeneity limits direct compar-
ison between studies, it also reflects the diversity of African healthcare systems, disease
profiles, clinical pathways, and rehabilitation contexts. Consequently, the observed vari-
ability should be interpreted as an inherent characteristic of the current evidence base
rather than solely as a methodological limitation. The included studies represented highly
diverse populations across multiple countries, healthcare systems, and levels of care, where
hearing-functioning problems are likely influenced by differing infectious disease bur-
dens, chronic disease profiles, treatment pathways, and rehabilitation access. Despite

https:/ /doi.org/10.3390/ijerph23080974


https://doi.org/10.3390/ijerph23080974

Int. J. Environ. Res. Public Health 2026, 23, 974 16 of 29

variation in prevalence estimates, recurring multidimensional hearing-function profiles
were consistently observed across conditions, particularly the co-occurrence of hearing
loss, tinnitus, and vestibular dysfunction. These findings reinforce the importance of
broader rehabilitation-oriented approaches capable of capturing overlapping auditory and
vestibular disability across diverse African contexts.

4.6. Limitations and Strengths

The findings of this study should be interpreted within the context of the available
African evidence base rather than as representative population prevalence estimates for
hearing-functioning problems across the continent. The principal limitation of this study
is the substantial methodological and clinical heterogeneity across the included studies.
Differences in study design, populations, underlying health conditions, outcome measures,
diagnostic criteria, and assessment methods likely contributed to the variability in reported
prevalence estimates, which should therefore be interpreted as exploratory rather than
representative of population-level prevalence. The evidence base also remained concen-
trated within particular regions, urban settings, hospital- and primary-care contexts, and
infectious disease populations, potentially limiting broader generalisability across diverse
African settings. As this study mapped the available published evidence, these patterns
should be interpreted as reflecting the current distribution of research rather than the true
distribution of hearing-functioning problems or rehabilitation needs across Africa.

Furthermore, restricting the parent scoping review to English-language publications
may have resulted in the omission of relevant evidence published in other languages
commonly used across Africa. Nevertheless, English remains the predominant language of
health science publication across Africa, with substantially fewer publications available in
French and Portuguese, suggesting that although relevant non-English evidence may have
been missed, the overall impact on the mapped evidence base is likely to be limited [59].
The broader Rehab4All application is currently expanding multilingual data extraction
capacity, including French and Portuguese literature, to improve representation of the
African evidence base in future analyses.

Despite this heterogeneity, the use of the Rehab4All database enabled broader profiling
of hearing-functioning problems across multiple health conditions and levels of care, allowing
exploration of multidimensional and interconnected functional patterns that may not be
apparent within single-condition or single-symptom studies alone. The use of a comprehen-
sive, systematically extracted database, standardised ICF-based classification of functioning
problems, and multidimensional analytical approaches further strengthened the analysis
and provided an exploratory rehabilitation-relevant overview of hearing-function profiles
associated with major health conditions contributing to disability in Africa. Importantly, by
synthesising functioning problems across multiple high-burden health conditions, this study
moves beyond traditional disease-specific descriptions to provide a rehabilitation-oriented
understanding of hearing-functioning within the African evidence base.

4.7. Recommendations for Future Research

Future research should prioritise greater standardisation of hearing- and vestibular-
function assessment approaches across African contexts to improve comparability between
studies. There is also a need for increased research representation from under-represented
regions, rural and community-based settings, and non-communicable disease populations.
Longitudinal and multidisciplinary studies exploring the co-occurrence and progression of
hearing-functioning problems across different health conditions may further strengthen
understanding of rehabilitation needs and inform integrated hearing and rehabilitation
service planning within African healthcare systems.
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5. Conclusions

This scoping review mapped hearing-functioning problems among adults living with
conditions contributing substantially to YLD across Africa using the Rehab4All database.
The findings demonstrate that hearing-functioning problems within the African evidence
base are multidimensional, interconnected, and contextually variable, extending beyond
impairment-level hearing loss alone. Across several conditions, hearing loss frequently
co-occurred with tinnitus, vestibular dysfunction, auditory-processing difficulties, and
phonophobia, highlighting the broader functional and sensory dimensions of hearing-
related disability. The findings further revealed important regional, contextual, and health-
system disparities within the current evidence base, including the concentration of research
within Southern Africa, urban settings, and infectious disease populations. Collectively,
these findings highlight the need for broader rehabilitation-oriented approaches to hearing-
function assessment and management within African contexts, while also underscoring the
importance of expanding research beyond traditional impairment-focused models to better
capture the complexity of hearing-related functioning across populations and settings.
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Figure A1. Weighted pooled prevalence estimates of hearing loss in individuals with HIV/AIDS
across included studies. Study citations are provided within the figure and correspond to the full
references listed in the manuscript. Squares represent the prevalence estimate for each included
study, with square size proportional to the study weight. Horizontal lines indicate the 95% confidence
intervals. The orange diamond represents the pooled random-effects prevalence estimate, and the
dashed line represents the prediction interval [14,15,23,24,28,29,60-67].
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HIV/AIDS + Tinnitus

Estimate [95% CI]

Maro Il (2014), Tanzania 62/449 = 13.8% [10.9, 17.3]
Ejikeme (2023), Nigeria 24/150 —— 16.0% [11.0, 22.7]
Fokouo (2015), Cameroon 18/90 —— 20.0% [13.0, 29.4]
van der Westhuizen (2013), South Africa 52/200 — R 26.0% [20.4, 32.5]
Khoza-Shangase (1) (2017), South Africa 31/96 —a— 32.3% [23.8, 42.2)
Random-effects pooled 20.8% [14.7, 28.6]
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k=5: random-effects logit model: I2=84.2%: tau?=0.192. Individual Cls are Wilson Cls.
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Figure A2. Weighted pooled prevalence estimates of tinnitus in individuals with HIV/AIDS across
included studies. Study citations are provided within the figure and correspond to the full references
listed in the manuscript. Squares represent the prevalence estimate for each included study, with
square size proportional to the study weight. Horizontal lines indicate the 95% confidence intervals.
The orange diamond represents the pooled random-effects prevalence estimate, and the dashed line
represents the prediction interval [14,24,28,61,62].

TB + Tinnitus Estimate [95% CI]
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Stevenson (2022), South Africa 4 —.— 34.5% [27.8, 41.2]
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Figure A3. Weighted pooled prevalence estimates of tinnitus in individuals with TB across included
studies. Study citations are provided within the figure and correspond to the full references listed in
the manuscript. Squares represent the prevalence estimate for each included study, with square size
proportional to the study weight. Horizontal lines indicate the 95% confidence intervals. The orange
diamond represents the pooled random-effects prevalence estimate, and the dashed line represents
the prediction interval [31,33,34,42].
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Interconnected Hearing-Function Profiles Across Health Conditions
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Edge thickness reflects reported prevalence within the included evidence base.

Figure A4. Network illustrating the interconnected hearing-function profiles across health conditions. Blue

nodes represent functioning problems, whereas coloured nodes represent the health conditions included

in the review. Edge thickness reflects the reported prevalence within the included evidence base.
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