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Priorities for hearing loss prevention and estimates of global
cause-specific burdens of hearing loss: a systematic rapid
review

Kavita Prasad, Ethan D Borre, Lauren K Dillard, Austin Ayer, Carolina Der, Kathleen E Bainbridge, Catherine M McMahon, Debara L Tucci,
Blake S Wilson, Gillian D Sanders Schmidler, James Saunders

Summary

Background Hearing loss affects approximately 1-6 billion individuals worldwide. Many cases are preventable. We
aimed to estimate the annual number of new hearing loss cases that could be attributed to meningitis, otitis media,
congenital rubella syndrome, cytomegalovirus, and ototoxic medications, specifically aminoglycosides, platinum-
based chemotherapeutics, and antimalarials.

Methods We used a targeted and a rapid systematic literature review to calculate yearly global incidences of each cause
of hearing loss. We estimated the prevalence of hearing loss for each presumed cause. For each cause, we calculated
the global number of yearly hearing loss cases associated with the exposure by multiplying the estimated exposed
population by the prevalence of hearing loss associated with the exposure, accounting for mortality when warranted.

Findings An estimated 257 -3 million people per year are exposed to these preventable causes of hearing loss, leading
to an estimated 33-8 million new cases of hearing loss worldwide per year. Most hearing loss cases were among
those with exposure to ototoxic medications (19-6 million [range 12-6 million-27-9 million] from short-course
aminoglycoside therapy and 12-3 million from antimalarials). We estimated that 818 000 cases of hearing loss were
caused by otitis media, 346 000 by meningitis, 114 000 by cytomegalovirus, and 59 000 by congenital rubella syndrome.

Interpretation The global burden of preventable hearing loss is large. Hearing loss that is attributable to disease
sequelae or ototoxic medications contributes substantially to the global burden of hearing loss. Prevention of these

conditions should be a global health priority.
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Introduction

Hearing loss affects over 1-57 billion people worldwide,
is the third most common cause of years lived with
disability, and can have serious consequences beyond the
health effects.! Children with hearing loss can face
challenges with literacy, speech and language
development, and educational attainment.” Adults with
hearing loss are more likely to experience increased
depressive symptoms, social isolation, and cognitive
decline compared with peers without hearing loss.}
Globally, unaddressed hearing loss costs approximately
US$1 trillion annually.*

WHO estimate that over 50% of hearing loss in adults
worldwide can be prevented through primary prevention
measures, or interventions implemented before the
health effect occurs.* A major cause of preventable
hearing loss is noise exposure, but hearing loss can also
be secondary to disease-based causes (eg, infections and
ototoxic medications). These causes are particularly
prevalent in low-income and middle-income countries,
making prevention of hearing loss a priority in these
settings. Hearing loss is a common sequela of various
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causes and risk factors experienced throughout the life
course.* However, the relative contribution of each cause
of hearing loss is unknown.’

Few studies have attempted to quantify the burden of
hearing loss due to preventable causes alone. The Global
Burden of Diseases, Injuries, and Risk Factors (GBD)
studies stratify hearing loss by meningitis, congenital,
otitis media and “age-related or other”, where “other”
encompasses most preventable causes. Understanding
the specific contribution of major preventable causes
might help to prioritise and address these conditions at
both the national and international level. We aimed to
estimate the global caseload of hearing loss due to
certain preventable, disease-based causes of hearing
loss, specifically, meningitis, otitis media, congenital
rubella syndrome, cytomegalovirus, and medication-
induced ototoxicity from aminoglycosides, platinum-
based chemotherapeutics, and antimalarials. The study
was conducted in conjunction with the Lancet
Commission on Hearing Loss® and in recognition that
such data could inform policy decisions on how best to
allocate resources.
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Research in context

Evidence before this study

Hearing loss affects over 15 billion people worldwide, with over
50% of cases estimated to be due to preventable causes. Previous
studies have identified the incidence of hearing loss due to
specific causes; however, we were unable to identify similar
scoping reviews that estimated the annual, global number of
hearing loss cases associated with disease-based causes of
hearing loss. We identified and prioritised the following
diseases-based causes of hearing loss according to a previously
developed aetiological framework of hearing loss: meningitis,
otitis media, congenital rubella syndrome, cytomegalovirus, and
medication-induced ototoxicity from aminoglycosides,
platinum-based chemotherapeutics, and antimalarials. We used
systematic and targeted literature reviews to obtain estimates of
the incidence of causes associated with increased risk of hearing
loss and, when applicable, the prevalence of permanent hearing
loss associated with an exposure. We did a rapid systematic
review to estimate the prevalence of hearing loss associated with
short-term aminoglycoside use. We searched PubMed using the
terms "aminoglycosides” and “ototoxicity” with an “RCT” study
type filter. Studies were required to (1) focus on aminoglycosides
treatment for fewer than 16 days in humans and (2) report
objectively measured hearing loss (via audiometry or otoacoustic
emissions) before and after aminoglycoside exposure. We

Methods

Study overview

We used a published framework® to identify the following
common, potentially preventable, disease-based causes
of hearing loss (appendix 1): meningitis, otitis media,
congenital rubella syndrome, cytomegalovirus, and
medication-induced ototoxicity from use of amino-
glycosides, platinum-based chemotherapeutics, and
antimalarials. We used previously published systematic
reviews”" to obtain incidence rate estimates for conditions
known to increase the risk of hearing loss and, when
applicable, the prevalence of permanent hearing loss
among those exposed. When prevalence data were not
available, we did a rapid systematic literature review, a
form of evidence synthesis similar to a traditional
systematic review but more limited in scope.” We did our
own quality assessment, with the RoB 2 (Cochrane,
London, UK), a revised tool for assessing risk of bias in
randomised trials, when one had not previously been
done. We estimated global incidence of hearing loss for
each cause, with the exception of otitis media, considering
we only had a previously published estimate’ of prevalence
for this eitology. Next, we used these estimates to
calculate the annual number of new hearing loss
cases for each cause. Global burdens were previously
published for exposure to congenital rubella syndrome,
multidrug-resistant (MDR) tuberculosis, and platinum-
based chemotherapies. Otherwise when published
burdens were not available, we compiled country-specific

excluded studies that only investigated aminoglycosides with
concurrent otoprotectant use. In studies that had an
otoprotectant and non-otoprotectant group, we included data
from the non-otoprotectant group only. For each disease-

based cause, we combined prevalence of hearing loss estimates
with incidence estimates to calculate our main study

outcome: the number of yearly incident hearing loss cases due to
each cause.

Added value of this study

We found that more than 257 million people per year are
exposed to preventable causes of hearing loss, leading to an
estimated 33-8 million incidence cases of hearing loss
worldwide. Medication-induced ototoxicity, particularly from
short-course aminoglycoside and antimalarial therapy,
accounted for most of these cases.

Implications of all the available evidence

Given the great burden and psychosocial impact that hearing
loss can have on an individual, countries around the world
must work to address preventable causes of the disease.
Overall, there is a paucity of data surrounding the incidence
and prevalence of hearing loss associated with each
preventable cause. Future efforts should focus on improving
data collection and prevention.

or regional estimates to derive the global estimates
(appendix pp 5-6). We describe our methods of estimating
the annual global incidence of the selected causes, hearing
loss associated with each of those causes, and methods for
aggregation to obtain the study outcomes. Analyses were
done with TreeAge (TreeAge, Williamstown, MA, USA), to
derive the global incidence of hearing loss from otitis
media, and Microsoft Excel Data Source (Microsoft,
Redmond, WA, USA) for the meta-analysis.

No institutional review board approval was needed for
this study.

Meningitis

We derived country-specific incidence of acute meningitis
cases and deaths from the GBD 2016 study, which
presents the most recent country-specific and age-
specific meningitis data available.® For countries without
GBD data, we applied the average incidence of survived
meningitis by WHO region and World Bank income
level.

We derived the proportion of meningitis cases resulting
in (1) any hearing loss and (2) bilateral hearing loss from
a systematic review” that defined hearing loss as greater
than 25 dB (plus or minus 5 dB) bilaterally (panel 1). We
calculated the country-specific proportion of meningitis
cases resulting in bilateral hearing loss by applying
published region-specific multipliers for disabling
sequelae of meningitis.” For each country, we calculated
the number at risk for hearing loss as the incident cases
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of survived meningitis (incident cases—deaths). We
calculated the country-specific percentage of meningitis
cases resulting in bilateral hearing loss as the product of
the percentage of meningitis cases with hearing loss
(ie, 14-0%), the proportion of that hearing loss that is
bilateral (ie, 60-0%), and the region-specific multiplier
for major meningitis sequelae (range 0-69-1-92;
appendix pp 5-6).”*

Otitis media

We used published estimates’ on prevalence of permanent
(sensorineural or conductive) hearing loss associated with
all types of otitis media, defined as hearing loss of greater
than 25 dB in the better ear (panel 1), to derive the yearly
number of incident cases of permanent hearing loss
(appendix p 7). We did not consider transient otitis media-
related hearing losses, such as otitis media with effusion.
Using the equation prevalence=incidencexduration, and
a lifetime duration for permanent hearing loss, we used
WHO life tables,® with remaining life expectancy as
duration, to estimate incident hearing loss associated with
otitis media. We validated our estimates via Markov
simulation with age-specific life tables to derive prevalence
of otitis media by age group. Last, we applied annual age-
specific incidence of otitis media-related hearing loss to
existing estimates of the number of people alive in each
age group to estimate the yearly global incidence of
hearing loss due to otitis media.”

Congenital rubella syndrome

We adjusted published data* modelling the incidence of
congenital rubella syndrome in 2010 based on rubella
seroprevalence to account for 38 countries that have
introduced rubella-containing vaccination as of 2018
according to rates of rubella-containing vaccination
coverage and reported effectiveness of the vaccine.”

We identified the estimated incidence of hearing loss
associated with congenital rubella syndrome from a
targeted review (60-0%), which defined hearing loss as
hearing loss of at least 30 dB in either or both ears
(panel 1).”

Cytomegalovirus

We identified a published global annual estimate’ of
incident congenital cytomegalovirus cases. We estimated
cytomegalovirus exposure by multiplying the annual
incidence of cytomegalovirus cases by the number of
annual livebirths.*

We wused a published estimate” of hearing loss
prevalence associated with congenital cytomegalovirus
infection (12-6%), defined as hearing loss of at least
20 dB in one or both ears (panel 1).

Ototoxic medications

Short-course aminoglycoside exposure

We used the WHO defined daily dose (DDD) data (per
1000 inhabitants per day) to estimate the number of
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Panel 1: Hearing loss definitions

Meningitis
Bilateral hearing loss of greater than 25 (plus or minus 5 dB).”

Otitis media
Hearing loss in the better ear greater than 25 dB. Article did not define which frequencies
were used to define hearing loss.®

Congenital rubella syndrome
Hearing loss of greater than one threshold shift of 30 dB in one or both ears.*

Cytomegalovirus
Hearing loss greater than one threshold shift of 20 dB in one or both ears.’

Aminoglycosides (short-course treatment, <16 days)

In four (36%) of 11 studies,”* hearing loss was defined as at least 10 dB audiometric
threshold shift at two or more adjacent frequencies of 0-25-8-00 kHz in one or both ears;
in six (55%) studies,**? hearing loss was defined as at least 15 dB audiometric threshold
shift at two or more adjacent frequencies from 0-25-8-00 kHz in one or both ears; and in
one (9%) study,” the American Speech-Language Hearing Association (ASHA) definition
was used, which defines hearing loss as either loss in pure tone threshold of at least 20 dB
in at least one frequency, at least 10 dB decrease at two adjacent frequencies, or loss of
responses at three consecutive frequencies where responses were previously obtained.

Aminoglycosides (multidrug-resistant tuberculosis)

Definitions of hearing loss varied across studies used in meta-analysis.? In 15 (79%) of

19 studies (ASHA), hearing loss was defined as at least 10 dB decrease (audiometric
threshold shift) at two adjacent frequencies; in one (5%) study, the Common Terminology
Criteria for Adverse Events (CTCAE) was used, defining hearing loss as an audiometric
threshold shift or absolute level of hearing loss of greater than 25 dB to 90 dB, averaged
at two contiguous test frequencies in at least one ear; and three (16%) studies used other
or mixed definitions.

Platinum-based cancer therapy (cisplatin or carboplatin)

Cut points for hearing loss defined by ototoxicity grading scales might vary slightly
depending on authors’ definitions in studies included in the published meta-analysis.*

In 18 (21%) of 87 studies (ASHA), hearing loss was defined as at least 10 dB decrease
(audiometric threshold shift) at two adjacent frequencies; in seven (8%) studies (CTCAE),
hearing loss was defined as audiometric threshold shift or absolute level of hearing loss of
greater than 25 dB to 90 dB, averaged at two contiguous test frequencies in at least one ear;
in 22 (25%) studies, Brock criteria was used and hearing loss was defined as absolute level of
hearing greater than 40 dB at 4-0 kHz and above; in three (3%) studies, the Chang grading
system was used, with hearing loss defined as absolute level of hearing of at least 40 dB at
4-0 kHz and above; in six (7%) studies, Muenster classification was used, which defines
losses as an absolute level of hearing greater than 4-0 kHz, greater than 20 dB to less than
40 dB; four (5%) studies based their definition of hearing loss on the International Society
of Pediatric Oncology, which defines hearing loss as absolute level of hearing greater than
20 dB, at 4-0 kHz and above; in three (3%) studies, the definition of hearing loss was not
specified; and 24 (28%) studies used other or mixed definitions.

Antimalarials

In one (25%) of four studies in the published meta-analysis,™ hearing loss was defined as
at least 10 dB audiometric threshold shift; one (25%) study used self-reported hearing
difficulties; and in two (50%) studies the definition of hearing loss was not specified.
Audiometric threshold shifts are defined by changes in audiometric thresholds between
baseline and follow-up measurements. Absolute levels of hearing loss are defined by
measurement at a single point in time (ie, baseline measurements were unavailable).
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people exposed to short-course aminoglycoside therapy
(<16 days) and scaled estimates to country population
estimates.”* When country-specific DDD estimates
were unavailable (128 countries), mean DDD of settings
within the same region and income level were imputed.
Matching regional and income data were unavailable
for 22 countries, so the mean DDD for the nearest
income level in that region was imputed (appendix p 8).
We accounted for aminoglycoside exposure related to
MDR tuberculosis treatment (which is considered
separately) by converting the number of cases of MDR
tuberculosis (estimated by WHO®) to DDDs and
subtracting this number from the estimates of short-
course aminoglycoside exposure. We divided this
estimate of population-level DDD by an estimated
10-day mean course length of aminoglycoside treatment,
which assumes individuals were exposed to no more
than one course of aminoglycosides every year.*

Using PubMed, we did a rapid systematic literature
review and meta-analysis to estimate the prevalence
of aminoglycoside-induced hearing loss associated
with short-course (<16 day) aminoglycoside treatment
(appendix pp 9-10). In summary, we searched PubMed
for randomised controlled trials published from
database inception to Dec 20, 2023, using the search
terms “aminoglycosides” AND “ototoxicity”. Studies
were required to (1) focus on aminoglycosides treatment
less than 16 days in humans, and (2) report objectively
measured hearing loss (via audiometry or otoacoustic
emissions) before and after aminoglycoside exposure.
We excluded studies that only investigated amino-
glycosides with concurrent otoprotectant use. In studies
that had an otoprotectant and non-otoprotectant group,
we included data from the non-otoprotectant group
only. We used a random effects model to estimate
pooled prevalence of hearing loss associated with short-
course aminoglycoside exposure from the studies in the
review (appendix p 11). We examined heterogeneity and
did a subgroup analysis. Two independent reviewers
assessed for risk of bias, with conflicts resolved by
consensus or a third reviewer (appendix p 12).* For all
aminoglycosides, study authors defined hearing loss as
an audiometric threshold shift or absolute level of
hearing loss defined by common ototoxicity grading
scales (panel 1). Data extracted from included studies
and used for analyses are detailed in the appendix (p 17).

Global estimates of the number of individuals treated
for MDR-tuberculosis with aminoglycosides in 2019 have
been published.” We incorporated published estimates
of the prevalence of hearing loss associated with MDR-
tuberculosis treatment and the global number of related
cases of hearing loss. Hearing loss was defined as an
audiometric threshold shift, defined by changes in
audiometric thresholds between baseline and follow-up
measurements, or absolute level of hearing loss, defined
by thresholds measured at a single point in time (ie, when
baseline measurements were unavailable), as defined by

common ototoxicity grading scales or by the authors of
the studies (panel 1).”

Cisplatin or carboplatin exposure for cancer treatment

The estimated global numbers of individuals exposed to
cisplatin or carboplatin for cancer treatment for 2020
have been published.” We used published estimates of
the prevalence of hearing loss and the global number
of cases of hearing loss associated with cisplatin or
carboplatin exposure. Study authors defined hearing loss
as an audiometric threshold shift or absolute level of
hearing loss defined by common ototoxicity grading
scales (panel 1)."

Antimalarial exposure for malarial treatment

We estimated the global population exposed to
antimalarials by using WHO estimates of malaria
incidence, treatment, and mortality. We calculated the
proportion of cases treated with country-specific data
from the WHO Malaria Indicator Survey and
Demographic and Health Survey.* We used data from
57 countries with estimates for (1) incident malaria cases
and (2) the number of cases treated with a first-line
treatment to calculate the proportion of incident cases
that received treatment. ** We accounted for mortality by
subtracting estimates of the proportion of deaths (deaths/
cases) from WHO data.

We identified a systematic review" on ototoxicity
associated with antimalarial (quinine and derivatives and
artemisinin-based combination therapies) exposure. In
the review, hearing loss was defined as an audiometric
threshold shift or absolute level of hearing loss defined
by common ototoxicity grading scales or by authors
of included studies (panel 1). We estimated pooled
prevalence and corresponding 95% ClIs of permanent
hearing loss associated with antimalarial exposure via a
random effects model (four studies).

Data synthesis

For each cause, we calculated the global number of yearly
hearing loss cases associated with the exposure by
multiplying the estimated exposed population by the
prevalence of hearing loss associated with the exposure,
accounting for mortality when warranted. We did
sensitivity analyses as described in the appendix (p 13).

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

The estimated number of meningitis cases in
2016 was 2831000 (table). Combined with the prevalence
of hearing loss per case of meningitis (14-0% [95% CI
5-4-19-6]), an estimated 346000 individuals worldwide
developed hearing loss as a sequela of meningitis in 2016
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Global exposures  Prevalence, hearingloss  Global hearingloss  Global hearing loss cases
(peryear) associated with cases (per year) peryear, from the
exposure (95% Cl) sensitivity analysis (range)
Disease
Meningitis 2831000 14-0% (5-4-19-6) 346000 153 000-555000
Otitis media * * 818000 *
Congenital Rubella Syndrome 99000 60-0% (50-5-69-3) 59000 50000-69 000
Cytomegalovirus 896000 12:6% (10-2-16-5) 114000 91000-147000
Ototoxicity
Aminoglycosides (short-course treatment, <16 days) 118 676 000 16-6% (10-6-23-5) 19641000 12580 000-27 889 000
Aminoglycosides (multidrug-resistant tuberculosist) 1350001 40-6% (32-8-66-6) 55000 44.000-90000
Platinum-based chemotherapy (cisplatin or 1022000 43-2% (37-9-48-6) 441000 387000-497 000
carboplatin)
Antimalarials 133736000 9-2% (7-1-11-6) 12276 000 9495000-15513000
Total 257395000 33750000
*Incidence of hearing loss for otitis media was derived from previously published estimates of the global incidence of otitis media-related hearing loss cases (our primary
outcome), and therefore we did not need to calculate global exposures and average prevalence of hearing loss after exposure. tExposure estimates were updated from a
published systematic review? to account for mortality to remain consistent with presentation of exposure estimates for other causes.
Table: Global estimates of hearing loss cases per year attributable to preventable causes

(table; appendix p 14). The estimated annual number of
new permanent hearing loss cases attributed to otitis
media was 818000 (table; appendix p 14). The global
incidence estimate of new cases of congenital rubella
syndrome in 2010 was 105000.” Based on changes in
the proportion of rubella cases per million between
2010 (1-8%) and 2018 (1-7%), the estimated number of
congenital rubella syndrome cases in 2018 was 99000
(table).” The estimated prevalence of hearing loss after
congenital rubella syndrome was 60-0% (50-5-69-3).
The estimated number of hearing loss cases from
congenital rubella syndrome was 59000 cases per year
(table; appendix p 14).* The incidence rate of congenital
cytomegalovirus per year was 0-64%.” Combined with the
number of global livebirths, an estimated 896000 infants
are born with cytomegalovirus annually. The prevalence
ofhearing loss associated with congenital cytomegalovirus
was 12-6% (10-2-16-5), producing an estimated
114000 annual cases of hearing loss attributed to
cytomegalovirus (table; appendix p 14).”

The estimated number of individuals exposed to short-
course aminoglycoside therapy in 2020 for each WHO
region is given in the appendix (p 16). Hearing loss
definitions varied widely across included studies
(panel 1). After accounting for the exposures related to
MDR-tuberculosis treatment, the estimated number of
exposures was 118 676 000 (table; appendix p 14).

In our targeted, rapid literature search, we identified
71 citations detailing hearing loss prevalence associated
with short-course intravenous aminoglycoside therapy
(gentamicin, netilmicin, amikacin, or tobramycin;
figure). Fifteen records were excluded due to duplicate
results. After review for relevancy, we used 11 studies
(17 articles, including 851 individuals) to estimate
hearing loss prevalence (figure; appendix p 17)."5152%
Our assessment of the risk of bias found all studies to be
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low to moderate risk in all categories, except for missing
outcome data, which was high in most studies because
of patient illness severity that precluded audiometry
(appendix p 12). Although this limitation might lead to
an overestimate of hearing loss, we were unable to
exclude these studies from meta-analysis as almost all
studies were missing data.

The pooled prevalence of hearing loss associated with
short-course aminoglycoside therapy was 16-6% (95% CI
10-6-23-5; table; appendix p 15). The estimated global
incidence of ototoxic hearing loss after short-course
aminoglycoside therapy was 19641000 cases per year
(table; appendix p 14).

In 2019, an estimated 135000 individuals worldwide
were treated for MDR-tuberculosis with aminoglycoside
antibiotics after accounting for deaths and treatment with
other medications (table). The pooled prevalence of
ototoxic hearing loss associated with MDR-tuberculosis
treatment was 40-6% (95% CI 32-8-66-6; table;
appendix 10). The estimated number of individuals who
developed hearingloss from exposure to MDR-tuberculosis
treatment was 55000 (table; appendix p 14).”

In 2020, an estimated 1022000 individuals with cancer
were exposed to treatment with cisplatin or carboplatin.
The pooled prevalence estimate of ototoxic hearing
loss attributable to cisplatin or carboplatin treatment
was 43-2% (95% CI 37-9-48-6; table; appendix p 15). The
estimated number of hearing loss cases attributable to
cisplatin or carboplatin treatment was 441000 cases per
year (table; appendix p 14).”

In 2019, there were an estimated 229 million global
incident cases of malaria. After accounting for treatment
rates and estimated deaths, an estimated 133736000
(58-4%) individuals worldwide received treatment with
potentially ototoxic antimalarials (table; appendix p 14).
The pooled prevalence of likely permanent ototoxic
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| 71 citations identified |

v

| 71screened |

—>| 15 excluded

A4

56 full-text articles assessed for
eligibility

42 articles excluded
20 treatment with topical or intratympanic
administration
13 hearing loss not objectively defined
5 hearing loss not audiometrically confirmed
4 prevalence of hearing loss not reported

A 4

14 articles included in the quality
synthesis

7 articles not extracted
> 3 without long-term follow-up
4 without duration of therapy

A 4

7 articles (19 studies) included in
the quantitative synthesis
(meta-analysis)

Figure: Study selection process for the short-course aminoglycoside
systematic rapid review

This flowchart depicts the study selection process for the short-course
aminoglycoside systematic rapid review.

hearing loss attributable to antimalarial treatment
was 9:2% (95% CI 7-1-11-6; table; appendix p 15)."
Therefore, the estimated number of ototoxic hearing loss
cases attributable to antimalarial treatment was 12276 000
(table).

There were an estimated 33 -8 million cases of hearing
loss each year attributable to exposure to meningitis,
otitis media, congenital rubella syndrome, cytomegalo-
virus, and ototoxic medications (table). Congenital
rubella syndrome had the highest prevalence of hearing
loss associated with exposure (60-0%; appendix p 15).
Antimalarials accounted for the greatest estimated
number of exposures, and short-course aminoglycoside
therapy produced the highest estimated number of cases
of hearing loss (appendix p 14).

The results of our sensitivity analysis are described
and depicted in the appendix (p 19-20). The ranges
of our estimates for each cause were 50000-69000
for congenital rubella syndrome, 91000-147000 for
cytomegalovirus, 153000-555000 for meningitis,
12-6 million-27-9 million for short-course amino-
glycosides, 44000-90000 for aminoglycosides for MDR
tuberculosis treatment, 387000-497000 for platinum-
based therapy, and 10 million—16 million for antimalarials.

Panel 2: Key hearing loss prevention recommendations

Meningitis

Incorporate pneumococcal, haemophilus influenzae type B,
and meningococcal vaccines into routine immunisation
programmes.

Otitis media

Incorporate pneumococcal vaccines into routine
immunisation programmes and promote early detection,
screening, and treatment.

Congenital rubella syndrome
Incorporate rubella-containing vaccines into routine
immunisation programmes.

Cytomegalovirus
Implement effective screening programmes and increase
availability to affordable treatments.

Aminoglycosides (short-course treatment, <16 days)
Use alternative pharmaceuticals or otoprotectant agents
(when possible) and reduce clinical and community-based
irrational aminoglycoside use.

Aminoglycosides (multidrug-resistant tuberculosis)
Follow updated WHO guidelines for multidrug-resistant
tuberculosis to avoid aminoglycoside exposure.

Platinum-based chemotherapy (cisplatin or carboplatin)
Prioritise research on otoprotectant agents and prioritise
bringing otoprotectant agents to market and increasing
global availability.

Antimalarials

Promote primary prevention of malaria, such as bed nets, and
prioritise research of mechanisms of ototoxicity and the
ototoxic effects of antimalarials.

The purpose of the sensitivity analyses was to highlight
the wide range of uncertainty associated with these
estimates due to the lack of available, standardised data.

Discussion

We estimate that approximately 257 million individuals
worldwide are exposed to preventable causes of hearing
loss including meningitis, congenital rubella syndrome,
cytomegalovirus, and ototoxic medications (aminoglyco-
sides, platinum-based chemotherapy, and antimalarials)
per year. We estimate these disease-based exposures
account for 33 -8 million new cases of permanent hearing
loss per year with a wide range of severities. Our
estimates capture causes occurring throughout the life
course and worldwide, highlighting the need to prioritise
global hearing loss prevention.

The greatest contributor to preventable cases of
hearing loss in this study was exposure to ototoxic
medications, approaching an estimated 32-4 million
cases annually. Exposure to short -course aminoglycoside
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treatment and antimalarials accounted for the highest
global estimates of exposure and, therefore, the greatest
number of annual cases of ototoxic hearing loss. The
prevalence of ototoxic hearing loss associated with
treatment for MDR tuberculosis and platinum-based
chemotherapy was high (>40%), but fewer exposed
individuals received these treatments for MDR
tuberculosis or cancer.®”® Our sensitivity analysis
showed a high degree of uncertainty in these estimates,
largely due to variations in definitions of ototoxic
hearing loss, the timing of audiometric monitoring, and
drug dosing regimens.

From our results, several key recommendations for
primary, secondary, and tertiary prevention of hearing
loss arise that might inform policy discussions
concerning resource allocation. Ototoxic medications
play a major role in preventable hearing loss. Primary
prevention priorities (interventions implemented before
the health effect occurs) for ototoxic hearing loss include
(1) promoting appropriate drug use; (2) developing and
prescribing alternative, less toxic pharmaceuticals;
(3) administrating concomitant otoprotectant agents;
and (4) preventing diseases commonly treated with
ototoxic medications (panel 2).* Secondary and tertiary
prevention strategies, or reduction of the effects of
disease and early treatment of the disease to reduce
lasting effects, include hearing screening to detect
hearing loss early, followed by appropriate treatment.
Inappropriate drug use is most common in low-income
and middle-income countries, where antibiotics are
often available over the counter.” Inappropriate drug
use can be mitigated through education of patients
and professionals and through policies that regulate
these medications.” When feasible, access to alternative
non-ototoxic pharmaceuticals will decrease hearing
loss cases.”* For example, WHO MDR-tuberculosis
guidelines recommend the use of bedaquiline, rather
than aminoglycosides.” Non-ototoxic aminoglycosides
exist but have not been approved or marketed for
human use. Otoprotectants (eg, sodium thiosulfate and
amifostine) that are co-administered with platinum-
based chemotherapy have shown protective effects
in clinical trials, but are not widely available in low-
income or middle-income countries.® Concomitant
aspirin has been shown to be protective against
aminoglycoside ototoxicity.* However, safety protocols
for this treatment have not been established in children.
There is a need to further invest in the development and
access to alternative antibiotics and otoprotectants.

Our estimates show the high global burden of hearing
loss associated with exposure to causes affecting
children. Given the effects of hearing loss are often
exacerbated for children,” comprehensive prevention
strategies must be implemented. For congenital rubella
syndrome, meningitis, and otitis media, efforts might
focus on widespread use of effective vaccination
programmes (table 3). Otitis media-related hearing loss

www.thelancet.com/lancetgh Vol 12 February 2024

can be reduced by addressing environmental risk factors
(primary prevention) and through earlier detection and
appropriate treatment to mitigate the risk of permanent
hearing loss. The burden of cytomegalovirus-related
hearing loss could potentially be reduced through
patient education (eg, caregiver hand washing), early
detection with highly sensitive screening tests, and
possibly with antiviral treatments.”

There are several limitations to this study. The
greatest limitation was lack of thorough, consistent
data on burden of hearing loss due to each cause.
Limitations from previously published work have been
presented.”®"#2337 Importantly, studies that we used to
identify pooled prevalence estimates of ototoxic hearing
loss used different definitions of hearing loss (panel 1).
Our pooled prevalence estimate of hearing loss associated
with exposure to short-course aminoglycosides is limited
by only having included studies using intravenously
administered aminoglycosides, although our exposure
estimates (DDD data) reflect intramuscular, inhaled, and
intravenously administered treatments.* Because of
insufficient data for some countries, we extrapolated data
from countries with the same income level and WHO
region, which assumes that certain regions have similar
disease profiles. Estimates related to antimalarials are
limited by the low number of studies in the meta-analysis
and inconsistent estimates of associations between
antimalarial exposure and hearing loss.” Congenital
rubella syndrome and cytomegalovirus estimates were
limited by insufficient global case reporting, requiring us
to build estimates from mathematical modelling and
global incidence. We tried to use the most recent data
available, but our estimates come from different years.
Finally, our estimates do not account for comorbidities
such as ageing, noise exposure, cardiovascular health,
metabolic health, perinatal health, or demographic
factors.

In summary, policies and guidelines should focus on
primary ototoxicity prevention via use of alternative
pharmaceuticals (when possible), reducing inappropriate
drug use, and bringing otoprotectant agents to market to
improve access. Uniformity is needed regarding the
reporting of hearing loss for various causes. Cost-
effective vaccination programmes should be prioritised
and expanded. For infants and children, efforts should
focus on improved early detection and treatment of
infectious causes of hearing loss. Finally, further
research is needed to assess the global burden of other
important, preventable causes (eg, noise exposure and
environmental toxins) and comorbidities.

In conclusion, hearing loss that is attributable to disease
sequelae or ototoxic medications contributes substantially
to the global burden of hearing loss. Prevention of these
conditions should be a global health priority.
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