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ABSTRACT

Diabetes mellitus is a significant risk factor for acquired
hearing loss and tinnitus. Persons with diabetes (PWD) may present
with hearing loss symptoms earlier in life than those without diabetes.
Furthermore, diabetes may exacerbate risk for hearing loss related to
noise exposure and ototoxic drugs. The purpose of this article is to
provide recommendations for the prevention, screening, evaluation, and
management of hearing loss in PWD.
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The literature overall supports diabetes
mellitus as a significant independent risk
factor for hearing loss and tinnitus.1–15

Diabetes can contribute to hearing loss affect-
ing cochlear and neural elements16,17 through
numerous mechanisms, including microangio-
pathy, mitochondrial dysfunction, advance
glycation end products/inflammation, and
glutamate excitotoxicity.7,18–25 The net result
is increased risk for primarily acquired
auditory sensory and neural pathology (i.e.,
sensorineural hearing loss). Increased risk for
infection in persons with diabetes (PWD) also
should alert the provider to risk for conductive
pathologies of the external and middle ear.26

In addition, medications for treatment of

diabetes and diabetes-related symptoms may
have ototoxic side effects including hearing
loss and tinnitus (see DiSogra and Meech,
2019 in this edition).

Human and animal evidence suggests po-
tential for damage along the cochlea length
from basal to apical regions.9 The distribution
of changes along the cochlea may be related to
the relative contributions of the array of mecha-
nisms implicated in diabetes-related hearing
loss. For example, microagniopathy may result
in direct compromise of vascular supply to the
inner ear; the apical region representing the
most distal region of this supply may show early
pathology.9,27–30 On the contrary, elevated risk
for noise-induced damage may underlie early
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changes observed in basal regions of the
cochlea.9,31

Potential for onset of hearing loss earlier in
life, increased risk for other determinants of
hearing loss (e.g., noise and ototoxic drugs), and
risk of diabetes and hearing loss associated with
balance dysfunction32,33 and cognitive de-
cline34,35 support need for improved preventa-
tive approaches and guidelines for evaluation
and management of diabetes-related hearing
loss. The purpose of this manuscript is to
present recommendations to inform preven-
tion, screening, early identification, and man-
agement of hearing loss in PWD.

PREVENTION: DIABETES AND
HEARING LOSS
Prevention includes a range of interventions
aimed at reducing risk for compromised health.
In general, the three categories of prevention
considered include primary, secondary, and tertiary.

Primary prevention refers to prevention of
disease or injury prior to onset. For hearing loss,
an example of primary prevention would
include regulations requiring use of hearing
protection in the workplace or installing equip-
ment with lower sound level output. These two
examples represent active and passive strategies,
respectively, with regard to the worker’s behav-
ior. In other words, use of hearing protection
requires an active behavioral change among
workers, while installation of equipment with
lower sound emissions reduces risk without the
worker having to make a behavioral choice.

Secondary prevention is aimed at slowing or
reducing progression of disease or injury that has
occurred. A critical concept in secondary preven-
tion is early detection, which allows for timely
intervention. For example, a patient needs to
receive a medication with known ototoxic side
effects to preserve functional status. Regular
monitoring allows early identification of damage
to allow implementation of potential otoprotec-
tive strategies, such as change in dosage level,
change in schedule of drug, or providing hearing-
assistive technology to prevent compromised
communication. An essential element to second-
ary prevention of hearing loss is establishing
baseline hearing status to allow sensitivity to
detect change.

Tertiary prevention is consistent with what
we commonly regard as “treatment or manage-
ment.” The goal of tertiary prevention is to
reduce impact of an ongoing disease or injury on
function and quality of life. For example, a
PWD has acquired hearing loss that is signifi-
cantly impacting his or her interaction with
family and friends leading to isolation and
reduced quality of life. Fitting of appropriate
amplification and aural rehabilitation recom-
mendations can improve engagement with life
and patient’s overall well-being.

Primary, secondary, and tertiary prevention-
based strategies can be applied at the individual,
community, and system level. Furthermore, these
concepts should be reinforced across prevention
levels and at each patient interaction. Fig. 1
provides an overview of the prevention of hearing
loss across categories and levels.

Improving Hearing Health Literacy

Health literacy and knowledge of determinants
of disease/injury are critical to primary preven-
tion. Primary prevention of hearing loss in
PWD includes several strategies. The education
of PWDwith regard to elevated risk for hearing
loss is a first step. Primary prevention strategies
for diabetes-related hearing loss include the
following:

I. Educating/counseling PWD on risk for
hearing loss with diabetes, topics including:
a. Risk for earlier onset of age-related

hearing loss.
b. Progressive nature of hearing loss due to

uncontrolled diabetes.
c. Increased susceptibility to noise and

drug-related hearing loss.
d. Importance of monitoring and early

intervention.
II. Educating/counseling PWD on prevention

of hearing loss, topics including:
a. Limiting noise exposure and use of hear-

ing protection devices.
b. Awareness of ototoxic medications the

patient may require.
III.Education/counseling PWD on early signs

of hearing loss, signs including:
a. Fullness sensation.
b. Tinnitus.
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c. Reduced ability to understand speech
particularly in noisy environments.

IV. Education/counseling PWDon importance
of diabetes control (ABCs) and healthy
lifestyle.

The ABCs refers to A1c, blood pressure,
cholesterol, and smoking as factors the PWD
can address to prevent low-risk individuals from
moving to higher risk for diabetes-related com-
plications and increased risk for hearing loss.36

Lifestyle can drastically alter the health status of
PWD. Lifestyle factors including diet, physical
activity, and smoking are also related to hearing
loss.37–42

RECOMMENDATIONS FOR
SCREENING AND DIAGNOSTIC
EVALUATION

Screening Recommendations for

Healthcare Providers

Early identification of changes in auditory
function is necessary to provide timely inter-
vention strategies. Screening PWD for hearing
loss is important to successful prevention strat-
egies. Screening options include pure-tone
audiometry screening and otoacoustic emission
(OAE) screening. Pure-tone audiometry
screening involves presentation of tonal sounds

at different frequencies important for speech
understanding; the patient then reports sound
detection. Testing is typically accomplished
with the use of a pure-tone audiometer. Stimuli
are presented to calibrated headphones or insert
earphones typically at a single level (e.g., 25 dB
HL) and at multiple frequencies important for
speech understanding. The presence/absence of
a detection response (e.g., raise hand) is inter-
preted as Pass/Refer. There are several online
and smartphone-based applications for hearing
screening; however, caution is warranted due to
the variability of these applications that often
lack appropriate calibration.

OAEs are an objective measure of cochlear
function. OAE measurement involves admin-
istering a sound to the ear via a probe placed in
the ear canal; the probe measures distortions
and reflections generated in the cochlea that
travel back to the external ear. OAEs do not
require the patient to make a behavioral
response. An OAE screening test involves
measurement of responses from the cochlea
and determination if the amplitude of the
response meets some predetermined criteria
for a Pass/Refer interpretation. OAEs are not
a measure of hearing, but rather a measure of
cochlear function. The presence of OAEs does
not rule out mild, neural, or central hearing
deficits and the absence of OAEs does not
inform on the severity of the hearing loss.

Figure 1 Primary, secondary, and tertiary prevention overview.
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Not all health care providers have access to
the necessary equipment and these screening
tests provide only limited insight on hearing
status; referral to an audiologist may be a
necessary step. Other screening tests include
the whispered voice test, finger rub test, and
watch tick test. The primary limitations of these
screening measures are the broad variation in
outcomes across examiners and lack of stan-
dardized procedures.43–45

Some simple questions with regard to
perceived hearing difficulty may provide insight
on hearing status and help inform need for
further evaluation. The following screening
questions are recommended to determine
need for further evaluation (these questions
are based on those used in the Guide for
Pharmacy, Podiatry, Optometry, and Dentistry
[PPOD] for Diabetes Management):

� Do you or your family perceive any change in
your hearing?

� Do you have hearing difficulty in quiet or
noise?

� Have you had your hearing tested in the past
2 years?

� Do you know how diabetes can affect your
hearing?

� Do you know what to do if you perceive a
change in hearing?

� Do you know how to reduce your risk for
hearing loss?

If the patient answers “Yes” to questions 1
or 2 or “No” to questions 3 through 6, it is
recommended they be referred for a diagnostic
audiological evaluation.

Numerous hearing screening options exist
to inform next steps and need for more in-
depth evaluation. Yet, screenings may miss
subtle forms of hearing loss and limit the
ability to establish a baseline assessment early
in the diabetic disease process. Therefore, to
establish baseline, to enable early identifica-
tion, and to impart education on prevention
strategies, we recommend a comprehensive audi-
ological evaluation for all patients upon diagnosis
of diabetes. If the patients report hearing
difficulty or if they have not had their hearing
tested in the past 2 years, they also should be
referred.

Diagnostic Recommendations

A comprehensive audiological evaluation (pure-
tone andspeech audiometry) is recommended as a
minimal test for determining the type and severity
of hearing loss in the PWD. Additionally, the
professional should take a detailed and thorough
case history to identify any associated comorbi-
dities so that the most effective and comprehen-
sive interventions can be provided.

To increase the efficacy of identification,
we recommend upon diabetes diagnosis that the
PWD be referred to an audiologist for a baseline
diagnostic audiological evaluation. Baseline
evaluations can establish hearing status to
improve ability to monitor change. An audio-
logical evaluation should be performed at least
every 2 years or sooner if an individual is
experiencing any high-risk characteristics.
PWD who are at high risk for hearing and
balance problems may have one or more of the
following characteristics and require closer
monitoring:

� Reduced speech understanding (particularly
in noisy environments).

� Tinnitus perception.
� History of high levels of noise exposure.
� History of ototoxic drug use.
� Sensitivity to loud sounds.
� Ear pain or drainage.
� Dizziness complaints.
� History of falls.
� Concern for falling.

Low-risk individuals have none of these
characteristics. Assessment of risk status iden-
tifies people who need more intensive care and
evaluation.

Changes in the auditory system related to
diabetes include sensory, neural, and vascular
elements.16,17 These changes can influence hear-
ing along the range of human perception from
regions associated with low-frequency and high-
frequency hearing. Studies suggest that early
indices of pathology may be related to subtle
changes in cochlear,46 auditory neural function,11

and extended high-frequency hearing.9 These
factors should be considered when determining
testing protocols. Based on the outcomes of the
comprehensive audiological evaluation and
case history, further testing including extended
high-frequency threshold audiometry,
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immittance measures, OAEs, early- and late-
auditory evoked potentials, tinnitus assessment,
central auditory processing evaluation, and
balance assessment may be recommended. The
chosen test battery should be based on patient
complaints and help determine the most appro-
priate intervention. Red flags, such as sudden
hearing loss or evidence of disease, warrants a
referral for medical evaluation.

CASE EXAMPLE
A patient with recent diagnosis of diabetes pre-
sents for baseline hearing assessment. The
patient’s complaints include aural fullness, tinni-
tus, and reduced speech understanding in noise.
The patient denies any balance issues or experi-
ence of vertigo and denies any ear pain/drainage
or history of ear infections. The patient’s
medications include metformin, furosemide,
and sertraline. Results from the comprehensive
audiological evaluation indicated a mild symmet-
rical high-frequency sensorineural hearing loss
with excellent speech understanding in quiet.
Based on these results, patient history, and
patient’s chief complaint, the provider may
suggest further testing. For example, a recom-
mendation may be made for OAEs to monitor
subtle effects ofmedications on cochlear function.
Speech-in-noise testing may be recommended to
determine how noise affects speech understand-
ing compared with understanding in quiet. If the
patient’s primary complaint is tinnitus, this may
lead to recommendation for a tinnitus evaluation.

Continuum of care and counseling is also
important. Strategies outlined in the primary
prevention section should be reinforced during
an evaluation or follow-up visit. PWD should
be continually counseled on risk factors and
preventative strategies for reducing risk for
further hearing loss, including noise exposure,
ototoxic medications, healthy lifestyle, and
maintenance of ABCs.

A comprehensive audiological evaluation
should be performed at least every 2 years or
sooner if an individual is experiencing any high-
risk characteristics. Based on patient history,
complaints, and results of comprehensive audio-
logical evaluation, further testing may be war-
ranted.Suddenhearing loss or evidenceofdisease
should result in a referral for amedical evaluation.

Management

Early diagnosis and proper intervention can
reduce risk for further acquired hearing loss
and facilitate early treatment.Themost common
type of damage to the auditory system related to
diabetes is sensory, neural, and vascular in
nature, that is, sensorineural hearing loss, in
contrast to increased risk for external andmiddle
ear pathologies, where supporting data are lim-
ited.26 Sensorineural hearing loss is commonly
addressed by use of devices that amplify sound
and/or aural rehabilitation strategies. PWD in
early stages could have hearing loss in the range
of mild to moderately severe in degree.12 Con-
sidering their hearing demands, amplification
and compensatory strategies can be advised.
Surgical or pharmaceutical treatment of hearing
loss currently has limited options in individuals
with sensorineural hearing loss. Implantable
devices such as a cochlear implant may be an
option, but are reserved for patients with severe
to profound hearing deficits and who derive
limited benefit from hearing aids.

The maintenance of access to sound,
communication, and quality of life with hear-
ing loss is not different for the PWD as
compared with a patient without diabetes
and with hearing loss. Management options
include communication strategies, aural reha-
bilitation, auditory training, assistive listening
devices, hearing aids, and implantable devices.
The recommended treatment is dependent on
the type and degree of hearing loss and
personal goals for functionality. There is
currently no research on specific protocols
for hearing loss management in PWD. Chart-
rand47 provides an overview of some
potential considerations including sensitivity
to earmold materials, increased risk of ear
canal infection/bleeding, higher odds of
abnormal loudness perception, balance issues,
and consideration of central auditory involve-
ment. The provider should be cognizant of
these concerns and exercise appropriate
precautions.

PWDwith hearing lossmay choose to defer
recommendations for amplification.The reasons
may include lack of perceived deficit, stigma of
hearing aids, or cost of devices. The patient
should be counseled on communication strate-
gies, alternative solutions for hearing loss (e.g.,
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personal sound amplification products), other
assistive listening devices, and relationship of
untreated hearing with negative consequences.

The recommended treatment of hearing
loss in PWD is always dependent on the impact
of hearing loss impairment and personal goals
for functionality.

CONCLUSION
Diabetes elevates risk for acquired forms of
hearing loss. Here we have outlined
primary, secondary, and tertiary prevention
and management strategies for PWD. Health
care providers including physicians, primary
care providers, diabetes educators, and PPOD
members should be cognizant of the relation-
ship between diabetes and hearing loss. We
recommend upon diagnosis that PWDundergo
a baseline comprehensive audiological evalua-
tion and follow-up at least every 2 years or
sooner if high-risk characteristics are indicated.
Furthermore, the PWD should be counseled on
ways to reduce risk for acquired hearing loss
including reducing noise exposure, adaption of
healthy lifestyle, and maintaining ABCs. Man-
agement of hearing loss in PWD is comparable
to traditional approaches for persons without
diabetes; however, the provider should be aware
of potential increased sensitivity to earmold
materials and ear canal infection/bleeding.
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