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The relationship between diabetes mellitus (DM) 

and hearing loss and/or vestibular loss has long 

been postulated but not completely understood. 

The lack of understanding regarding the impact of 

DM on hearing and vestibular function is further 

compounded by the often insidious nature of 

these conditions. That is, hearing loss is commonly 

gradual in presentation, and early symptoms 

(eg, difficulty understanding speech in noise) 

are attributed to external factors (eg, I hear fine, 

they were mumbling). Vestibular loss in severe 

cases can result in vertigo and vomiting and be 

attributed to more nefarious causes, while more 

subtle cases of imbalance may be presumed to be 

due to “old age.”

The purpose of this review is to provide 

a comprehensive summary of the hearing 

and vestibular consequences of diabetes and 

recommendations for clinicians and diabetes 

care and education specialists (DCES) working 

with people with diabetes (PWD) to improve 

care. For readers who desire a more in-depth 

discussion of the pathophysiology, pharmacology, 

and epidemiology of diabetes and the auditory 

and vestibular systems, we direct to you a recent 

special issue of Seminars in Hearing (Bray 2019).

The Auditory System and Hearing

Hearing is complex process. There are 3 main types 

of hearing loss, which are relative to disruption 

at different portions of the auditory pathway. 

Conductive hearing loss (CHL) refers to those 

commonly involving the external or the middle 

ear. In general, a conductive hearing loss impedes 

the transmission of sound vibrations to the inner 

ear (eg, occluding ear wax, fluid in the middle ear). 

Often CHL is transient and medically treatable. 

Sensorineural hearing loss (SNHL) affects the 

sensory amplification and conversion of sound 

vibration into a neural signal. SNHL often is related 
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to dysfunction of the cochlear hair cells, synapse, 

or auditory nerve. It is the most common type 

of hearing loss. Mixed hearing loss involves a 

combination of the CHL and SNHL. In addition, 

central auditory processing refers to central deficits 

or changes that compromise utilization of the 

peripheral signal. By far the more common variety 

of hearing loss associated with DM is SNHL.

Evidence Linking Diabetes to Hearing Loss  

and Its Consequences

In general, studies from animal and humans 

(both clinical and epidemiological) support the 

independent relationship between DM and hearing 

loss. Animal models of diabetes consistently 

demonstrate cochlear and auditory neural 

anatomical and physiological deficits. In addition, 

human temporal bone studies have provided 

consistent evidence of pathogenic changes 

related to diabetes. Numerous mechanisms have 

been identified that can contribute to hearing 

loss involving both cochlear and neural elements, 

including microangiopathy, mitochondrial 

dysfunction, advance glycation end products/

inflammation, and glutamate excitotoxicity.

A recent study conducted in a primary care 

setting found that hearing loss was twice as 

common in PWD compared to control groups. 

Furthermore, hearing loss in PWD can present 

earlier in life compared to those without 

diabetes. This risk can be even higher with the 

comorbidities of other neuropathies, hypertension, 

and cardiovascular disease. The potential for 

onset of hearing loss earlier in life, increased risk 

for other determinants of hearing loss (eg, noise 

and ototoxic drugs), and negative consequences 

of hearing loss (eg, communication) all provide 

support for improved preventive and early 

identification approaches for PWD.

Hearing loss has significant implications, 

including ability to detect, identify, and localize 

sounds; compromised communication; social 

isolation; fatigue; diminished quality of life; 

and increased risk for falls, depression, anxiety, 

cognitive decline/dementia, and hospitalization. 

In addition, hearing impairment can make 

understanding verbal instructions from health care 

providers difficult or dangerous because missed or 

misinterpreted instructions can lead to medication 

errors or decreases in self-care behaviors. A recent 

systematic review of the economic impact of 

hearing loss in adults estimates that hearing loss 

results in billions of dollars of cost and loss of 

productivity. A recent Lancet Commission reported 

hearing loss at midlife (45-65 years of age) as the 

strongest modifiable risk factor for dementia (note: 

stronger than education, smoking, and diabetes).

It is not uncommon for persons with hearing 

loss to externalize their difficulties or deny hearing 

issues. Furthermore, persons with hearing loss may 

do just fine in quiet settings with a single speaker 

where they can use visual cues and have minimal 

competing sounds. Also, there is significant stigma 

associated with hearing loss and the common 

modality of treatment, hearing aids. The clinician 

and DCES should recognize that the ability of a 

patient to maintain conversation in a quiet space 

does not preclude the existence of hearing loss.

Hearing Screening, Referral, and Other 

 Considerations

An in-depth article on the evaluation and 

management of PWD and hearing loss can be 

found in an article authored by Spankovich and 

Yerraguntla in a 2019 special issue of Seminars 

in Hearing. In short, numerous in-office hearing 

screening options exist. Pure tone audiometry 

screening and otoacoustic emissions represent 

more objective options for screening but require 

purchasing of specialized equipment. Other 

screening options include the whispered voice test, 

finger rub test, and watch tick test. The primary 

limitation of these screening measures is the broad 

variation in outcomes across examiners and a lack 

of standardized procedures. There are a number 

of online and smartphone-based applications for 

hearing screening; however, caution is warranted 

due to the variability of these applications, which 

often lack appropriate calibration.

Some simple questions in regard to perceived 

hearing difficulty may also provide insight on 

Hearing loss in PWD can present earlier in life 

compared to those without diabetes. This risk 

can be even higher with the comorbidities 

of other neuropathies, hypertension, and 

cardiovascular disease. 
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hearing status and help inform the need for 

further evaluation. The screening questions 

shown in Table 1, based on those used in the 

Guide for Pharmacy, Podiatry, Optometry, and 

Dentistry (PPOD) for Diabetes Management, are 

recommended to determine if further evaluation 

is needed. Additionally, a tip sheet can be found at 

DiabetesEducator.org/HearingHandicapInventory 

that clinicians may find helpful to include in 

education packets.

Screenings, both in office as described 

previously or in questionnaire form, may miss 

subtle forms of hearing loss and limit the ability 

to establish a baseline assessment early in the 

diabetes disease process. Therefore, to establish 

baseline, enable early identification, and provide 

education on prevention strategies, we recommend 

a comprehensive audiological evaluation for all 

patients upon diagnosis of diabetes, similar to 

having a dilated eye exam shortly after diagnosis. 

“Upon diagnosis” may be a volatile time for patients, 

both emotionally and financially. It may be best 

to recommend a comprehensive audiological 

exam after glucoses are well managed (similar 

to recommending eye exams after glucoses are 

managed, ~3 months). Many insurances will cover 

a hearing exam from an audiologist if it is medically 

warranted and there is a physician referral. Note 

that if the person reports a sudden change in 

hearing or onset of tinnitus, vertigo, ear pain, or ear 

drainage, then an immediate medical referral to an 

otolaryngologist is recommended.

The Vestibular System

Housed within the inner ear next to the auditory 

system (ie, cochlea) is the peripheral vestibular 

system (Figure 1). The vestibular senses are vital 

to our sense of balance and body orientation and 

also contribute to cardiovascular, autonomic, and 

cognitive functions. The peripheral portion of the 

vestibular apparatus comprises an intricate system 

of 5 sensory end organs in both the right and left 

ears, for a total of 10 end organs, that sense head 

movements.

There are 3 semicircular canals (SCC) in each 

ear termed the anterior, posterior, and lateral SCCs. 

Figure 1 shows the basic shape of the SCCs and 

their proximity to the cochlea in the inner ear. The 

SCCs tell the brain when the head has moved in an 

angular plane that corresponds to the plane of the 

canal (eg, horizontal head movements are sensed 

by the lateral SCC).

Additionally, there are 2 otoliths end organs 

in each ear termed the saccule and utricle. 

The anatomical location of these end organs 

in proximity to the SCCs and the cochlea is 

shown in Figure 2. The saccule and utricle are 

affected by gravity and sense linear accelerations 

and decelerations of the head. These include 

movements such as bending over.

Table 1. Audiologic Screening Questions for Diabetes.a

1. Do you or your family perceive any change in your hearing? 

2. Do you have hearing difficulty in quiet or noise?

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

4. Do you know how diabetes can affect your hearing?

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

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

aIf the patient answers “yes” to question 1 or 2 or “no” to questions 3 through 6, it 

is recommended they be referred for a diagnostic audiological evaluation.
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The entirety of the vestibular system includes 

not just the peripheral sensory portions of the 

inner ear but also multiple connections through 

central nervous system pathways. Information 

regarding head movements from the vestibular 

system end organs is sent to the vestibular nucleus 

in the brainstem. From there, vestibular sensory 

input is sent through the central nervous system 

and down several tracts to initiate a series of 

reflexes used to maintain balance.

The Vestibular System and Balance

There are 2 major reflexes associated with the 

vestibular senses: the vestibulo-ocular reflex (VOR) 

and the vestibulo-spinal reflex (VSR). The VOR 

allows for clear vision on an object of interest 

during movement of the head. Without this reflex, 

the world we see would appear to bounce or 

move every time we moved (a phenomenon 

termed oscillopsia). The VSR adjusts flexor and 

tensor muscles throughout the upper and lower 

extremities during movements and allow us to 

walk upright.

The result of inaccurate vestibular input to 

these reflexes ranges from severe vertigo with 

nausea and vomiting to difficulty maintaining 

one’s balance. In some cases, symptoms are only 

felt during head and body movements, whereas 

other cases of vestibular loss produce constant 

symptoms. Furthermore, although milder cases 

of vestibular loss may manifest as unsteadiness or 

sense of feeling “off,” more severe losses put one at 

great risk for a potentially injurious fall.

When combined with impairments of other 

sensory systems used to maintain balance, such 

as vision or proprioception, which can both be 

Figure 1. The basic structure of the inner ear. 

The 5 vestibular sensory end organs including 

the anterior, posterior, and lateral semicircular 

canals and the 2 otolith end organs, the saccule 

and utricle, are shown in proximity to the cochlea. 

This work by Cenveo was modified and is licensed 

under the CC BY 3.0 US.

Figure 2. (a) Demonstration of the otolith orientation when the 

head is tilted or when one is bending over. (b) Normal position 

of the otolith organ when standing. (c) Otolith position when the 

head is tilted. This work by Cenveo was modified and is licensed 

under the CC BY 3.0 US.
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adversely affected in PWD, the consequences of 

vestibular loss in a PWD can be detrimental. The 

presence of a vestibular impairment even when 

vision and proprioception are controlled for is 

an independent risk factor for falling, especially 

in adults 65 and older. Vestibular loss is also 

associated with an increased risk of wrist and hip 

fractures.

Evidence Linking Diabetes and Vestibular Loss

Most of what we understand about the effects of 

DM on the inner ear is focused on the cochlea. 

However, the same pathophysiologic mechanisms 

that can lead to hearing loss can also lead to 

vestibular loss. There are only a few animal models 

that have explored the pathophysiology of DM 

on vestibular function, but they all yield similar 

conclusions. That is, there is potential for adverse 

effects of hypoglycemia on the ionic composition 

of the vestibular fluids resulting in disruptions 

in metabolic processes, tissue damage, and cell 

degeneration. A more comprehensive summary 

of the relationship between DM and the vestibular 

system can be found in the 2019 special issue 

of Seminars in Hearing in an article authored by 

Piker and Romero. Much of what we understand is 

summarized here.

Population-based cohort studies have explored 

the connection between DM and vestibular loss, 

albeit to a much lesser extent than the connections 

between DM and hearing loss. One of the largest 

is the National Health and Nutrition Examination 

Survey (NHANES). Data from the NHANES database 

shows that not only is DM associated with 

significantly higher odds of vestibular loss but also 

that more severe vestibular damage is observed 

in PWD with longer diabetes duration, greater 

serum hemoglobin A1C levels, and complications 

including retinopathy and peripheral neuropathy. 

Perhaps one of the most troubling findings is that 

vestibular loss in PWD is associated with a 2-fold 

higher chance of falling.

Screening, Referral, and Other Considerations

Whereas there is evidence suggesting a direct 

effect of DM on the vestibular system and 

epidemiological evidence showing an association 

between DM and vestibular loss in PWD, there 

is little clinical evidence in patient populations 

showing a consistent pattern of vestibular loss 

that is indicative of DM. Recall there are 10 end 

organs and many central pathways involved, and 

any 1 or combination thereof can be adversely 

affected, yielding numerous patterns of test results. 

Additionally, the vestibular system is difficult 

to assess and requires specialized equipment 

and audiologists with specialized training. It is 

not surprising that clinical studies often show 

contradictory results, with some indicating only 

SCC loss, others showing evidence of otolith only 

impairments, and others showing everything in 

between. The lack of a precise characterization 

of vestibular loss in PWD precludes the 

recommendation that all patients undergo a 

vestibular evaluation. However, screening PWD 

who may be at a greater risk of vestibular loss is 

warranted.

There are very few office-screening options 

to screen for vestibular loss. Although several 

“balance” screenings exist, there is currently 

nothing on the market that can accurately identify 

a vestibular impairment without a full diagnostic 

assessment from an audiologist. However, often 

asking a few key questions (eg, “Have you fallen, or 

do you have a fear of falling?”) or using a validated 

questionnaire is sufficient to identify a PWD in 

need of a vestibular evaluation.

The Dizziness Symptom Profile (DSP) is a 

recently developed questionnaire that includes 

statements targeting the 8 most common 

vestibular diseases and disorders. The goal of the 

DSP is to yield a score, or 1 of 8 subscale scores, 

that can indicate whether a vestibular disease or 

disorder is present. A score greater than 60% on 

any subscale should raise suspicion of a vestibular 

disease or disorder.

The DSP is a quick and easy questionnaire that 

PWD can complete to screen for the presence of 

a vestibular disease. Table 2 is a modified version 

of the DSP showing the items, instructions for 

patients, and what score yields the 60% cutoff 

for each subscale. This shortened screening 

tool can be administered during an office visit, 

DSMES class, or individual session, similar to 

screening tools used to assess depression or level 

of diabetes distress. It is not within the scope of 

this article to discuss every vestibular disease 

More severe vestibular 

damage is observed 

in PWD with longer 

diabetes duration, 

with greater serum 

hemoglobin A1C 

levels, and with 

complications 

including retinopathy 

and peripheral 

neuropathy.
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Table 2. Dizziness Symptom Profile (modified from Jacobson et al. 2019).

Instructions: To what extent do you personally agree or disagree with the following statements in regards 

to your dizziness? Use the following scale: 0 = strongly disagree, 1 = disagree, 2 = not sure, 3 = agree, 4 = 

strongly agree.

Vestibular migraine (5 items):

Statement Strongly 
Disagree

Not Sure Strongly 
Agree

There are times when I get dizzy and also 
have a headache.

0 1 2 3 4

When I get a headache, I am very sensitive to 
sound (I try to find a quiet place to rest).

0 1 2 3 4

I get headaches that hurt so badly that I am 
completely unable to do my daily activities.

0 1 2 3 4

My vision changes before a headache begins. 0 1 2 3 4

When I get a headache, I am very sensitive to 
light (I try to find a dark room to rest).

0 1 2 3 4

Total: ____ / 20

60% = 12

Meniere’s disease (5 items):

Statement Strongly 
Disagree

Not Sure Strongly 
Agree

I hear my voice more loudly in one ear 
compared to the other.

0 1 2 3 4

I have a roaring sound in one ear only before 
or during dizziness attack

0 1 2 3 4

I lost hearing in one ear after an attack of 
spinning dizziness.

0 1 2 3 4

My hearing gets worse in one ear before or 
during a dizziness attack.

0 1 2 3 4

I have a feeling of fullness or pressure in one 
ear before or during a dizziness attack.

0 1 2 3 4

Total: ____ / 20

60% = 12

Unspecified unsteadiness (4 items):

Statement Strongly 
Disagree

Not Sure Strongly 
Agree

I am unsure of my footing when I walk outside. 0 1 2 3 4

I get dizzy when I am in open spaces and 
have nothing to hold onto.

0 1 2 3 4

I have a sensation of dizziness or imbalance 
daily or almost daily.

0 1 2 3 4

I am unsteady on my feet all the time. 0 1 2 3 4

Total: ____ / 16

60% = 9

(Continues on the next page)
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Benign Paroxysmal Positional Vertigo (BPPV) (5 items):

Statement Strongly 
Disagree

Not Sure Strongly 
Agree

My dizziness is intense but only lasts for 
seconds to minutes.

0 1 2 3 4

I get dizzy when I turn over in bed. 0 1 2 3 4

I get a short-lasting, spinning dizziness 
that happens when I bend down to pick 
something up.

0 1 2 3 4

I get short-lasting, spinning dizziness that 
happens when I go from sitting to lying down.

0 1 2 3 4

I can trigger a dizzy spell by placing my head 
in a certain position.

0 1 2 3 4

Total: ____ / 20

60% = 12

Superior canal dehiscence (SCD; 3 items):

Statement Strongly 
Disagree

Not Sure Strongly 
Agree

I get dizzy when I sneeze. 0 1 2 3 4

I get dizzy when I strain to lift something 
heavy.

0 1 2 3 4

When I cough, I get dizzy. 0 1 2 3 4

Total: ____ / 12

60% = 7

Vestibular neuritis/labyrinthitis (4 items):

Statement Strongly 
Disagree

Not Sure Strongly 
Agree

I have had a single severe spell of spinning 
dizziness that lasted days or weeks.

0 1 2 3 4

I had a big dizzy spell that lasted for days 
where I could not walk without falling over.

0 1 2 3 4

I had a single constant spell of spinning 
dizziness that lasted longer than 2 to 3 days.

0 1 2 3 4

I had a spell of spinning dizziness that lasted 
for days or weeks after I had a cold or flu.

0 1 2 3 4

Total: ____ / 16

60% = 9

Persistent postural-perceptual dizziness (PPPD; 5 items):

Statement Strongly 
Disagree

Not Sure Strongly 
Agree

I have spells where I get dizzy and also have 
irregular heartbeats (palpitations).

0 1 2 3 4

I am depressed much of the time. 0 1 2 3 4

I have spells where I get dizzy and it is 
difficult for me to breathe.

0 1 2 3 4

I am anxious much of the time. 0 1 2 3 4

I feel dizzy all of the time. 0 1 2 3 4

Total: ____ / 20

60% = 12

Table 2 (Continued from the 

previous page). Dizziness 

Symptom Profile (modified 

from Jacobson et al. 2019).

Instructions: To what extent 

do you personally agree or 

disagree with the following 

statements in regards to your 

dizziness? Use the following 

scale: 0 = strongly disagree,  

1 = disagree, 2 = not sure,  

3 = agree, 4 = strongly agree.
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included in the DSP; suffice to say that if a PWD 

scores greater than 60% on any subscale, a referral 

for comprehensive vestibular testing with an 

audiologist is recommended.

Conclusion and Recommendation Strategies

PWD are at elevated risk for hearing and vestibular 

loss with a 2-fold higher chance of falling. 

Health care providers should be cognizant of the 

relationship between diabetes and the auditory 

and vestibular systems. We recommend that PWD 

undergo a baseline comprehensive audiological 

evaluation shortly after diagnosis. Furthermore, the 

PWD should be counseled on ways to reduce risk 

for acquired hearing loss, including reducing noise 

exposure and a healthy lifestyle.

There is not enough evidence available to 

recommend a full vestibular diagnostic evaluation 

for all PWD. However, the potential consequences of 

an undiagnosed vestibular impairment in a PWD are 

severe (eg, fall, hip fracture). For those reasons, it is 

important to parse out which patients are in need of 

vestibular testing. A simple screening questionnaire 

can help determine who may benefit the most from 

a more thorough vestibular evaluation.

The role of the DCES needs to include 

education on hearing loss and vestibular 

impairment/balance difficulties as possible 

complications of diabetes. The impact of DM on 

quality-of-life factors, fatigue, frustration, and 

depression can be amplified when hearing and/

or vestibular loss is also present. The workload 

on the person with diabetes and hearing loss is 

increased because the person physically must 

work harder to hear, comprehend, and process 

oral communication and to maintain balance 

doing everyday activities. Because people with 

hearing/vestibular impairments have a tendency to 

attribute impairments on external factors, friends 

and family may notice more of the symptoms 

asked in written questionnaires first.

It is important when working with people to 

help them understand the physical, social, and 

emotional effects of hearing and vestibular loss. 

Showing empathy for how hard living in a world 

where communication is not as clear or there are 

physical limitations and even a fear of falling can 

help PWD achieve a better quality of life. n
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